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LETTEH TO THE SECRETARY. 

W ASTIING'l'ON, D. 0., Jllarch 10, 1873. 
SIR : I have the honor to present for your approval and for publica

tion the sixth annual report of the United States Geological Survey of 
the Territories, containing a preliminary account of explorations made 
during the summer of 1872, about the sources of Snake and Missouri 
Rivers. 

The liberal appropriation granted for the sur,rey by the Forty
second Congress enabled the Chief Geologist to organize two large and 
well-equipped parties for field-work. These parties were each provided 
with a geologist, topographer, astronomer, meteorologist, with their as
sistants. A number of young men acted as collectors of objects in 
natural history. 

One part.y, under my immediate direction~ too1r Fort Ellis as its ini
tial point. \-Ve spent several days at this point and at Bozeman pur
chasing our animals and securing supplies and other outfit. After our 
preparations were made~ we passed O\er the divide to tbe Yellowstone 
Valley, traversing nearly the same route as last year. The Yellowstone 
River, from -the lower calion to its source in the I ellowstone Lake, was 
carefully surveyed. Some of the brancbes, as the East Fork, were more 
fully examined than at any time previously. From the lake tbe party 
passed over the divide into the Geyser Basin of :Madison River, and ex
plored that river and its branches to tbe Three Forks. We then 
ascended the Gallatin River and examined it to its sources. The inter
esting calion of the Gallatin, which is about. smTenty miles in length, 
bad never been explored previously, and was unknown even to the .in
habitants of the lower part of the valley. From the Gallatin Canon we 
passed over the divide into the Yellowstone Valley, near the second 
canon, and made a more detailed survey of the Snowy or Yellowstone 
Range, then passed down the valley through the first or lower calion, 
and then along the divide between the branches of the East Gallatin 
and Shields Rivers to Flat Head · Pass; thence across the rugged hills 
to a point about ten miles below the Three Forks, on the Missouri River. 
We then returned to Bozeman along the base of the mountains on the 
east side of the East Gallatin Fork, and the field-work of this party 
was closed. The materials for ·an accurate map of the district examined 
were secured, and most important discoveries in geology and large col
lections in all departments were made. 

The second party was placed under. the g.eneral direction of Mr. James 
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Stevenson, whose experience in this wild life for sixteen years, as my 
principal assistant, gave him great advantages over any one else I could 
secure for that trust. This party started from Ogden, Utah, surveyed a 
route to Fort Hall, and there laid in supplies and made the necessary 
preparations for a pack-train up the unknown region of the Upper Snake 
Valley. The party was also provided with a chief geologist, topogra
pher, meteorologist, botanist, and other necessary assistants. From 
Fort Hall this party proceeded up the west side of Snake River. Two 
weeks were spent in making a careful survey of the previously unknown 
Teton Basin. The range. of the Three Tetons was carefully mappetl. 
Eleven of the party attempted to ascend tile llighest peak, the Grand 
Teton. Only two of these succeeded, Messrs. Stevenson and Langford. 
So far as we can ascertain they are the only wllite men that ever reached 
itts summit,, 

In tlle summer of 1860 the party under the command of Colonel W. 
F. Raynolds, to which I was attached as geologi:i;t, camped for several 
<lays at the lJase of this range. We had with us as guide Mr. James 
Bridger, who was more familiar with the western country and the 
eYents in its history for the past fifty years than any living man. 
He regarded the ascent of tllis peak as impossible, and many of the old 
mountaineerR and trappers state that it llas been attempted many times 
without success. 

Immense mass~s of snow and lakes of ice were f.ound on its sides, and 
abundant signs of modern glacial action . .At certain seasons of tlle year, 
usually in .August and September, the air is filled to a great height 
with grasshoppers flying in every direction. They sometimes rise to 
the height of many thousands of feet. As they passed over this Teton 
Range tbe.v became chilled and dropped on the snow and ice in vast 
numbers and gradually melted the snow, so that the myriads of lit·tle 
holes which they formed gave to the surface a peculiar roughness. It was 
due to this fact that Messrs. Stevenson and Langford were able to 
cling to the almost vertical icy sides of the peak, and complete the 
ascent. 'rhey found the elevation to be 13,858 feet above the sea, thus 
eNtitling it to rank among the monarch peaks of our continent. 

Yet on the summit of this peak there were indications that human 
beings bad made the ascent at some period in the past. On the top of 
the· Grand Teton, and for 300 feet, below, are great quantities of granite 
blocks or slabs of different sizes. These blocks had been placed on 
end, f(i)rming a breastwork about three feet high, inclosing a circular 
space six or seven feet in diameter, and while on the surrounding rocks 
there is not a particle of dust or sand, yet the bottom of tllis inelosure 
is covered with a bed of miuute particles of granite, not larger than the 
grains of common sand, wllich must have been worn off by the ele
ments from the vertical blocks until it is nearly a foot in depth. There 
was every appearance that these granite slabs bad been placed in their 
.present position by Indians, as a protection from the wind, many c~n
turies ago. 
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The scenery of the Teton Range is truly alpine in its character, ap
proaching that type more nearly than any other known in the \Vest. 

Leaving the Teton Basin, the party proceeded up Henry's Fork of 
Snake River, and at its source, surveyed one of the most interesting and 
important geographical points in the West. At the bead of Heury~s 
Fork are four remarkaule passes, representing the four points of the 
compass, with Henry's Lake located in the center. The Tar gee, or East 
Pass, is 7,063 feet elevation, and forms one of the gateways to the 1\Iad
:i.son Valley and to the sources of the :Madison and Yellowstone. IIen
ry's, or South Pass, is about 6,250 feet elevation, and opens into the 
great \alley of the Snake River from the Atlantic slope. Red Rock, or 
West Pass, is 7,271 feet elevation, and connects the great valley of the 
Jefferson Fork, while the Raynold.s or North Pass, 6,011 feet elevation, 
leads into the valley of the Lower Madison. These remarkable passes, 
thus linking the Atlantic with the Pacific slope, are so smooth that a 
carriage could. be driYen over them at a lligh rate of speed. In a prac
tical point of view these passes, as well as the Snake River Valley, must 
soon becom~ of great importance to the West. 

The Snake River and Henry's Fork Valleys form by far the most feas· 
ible routes for railroads, connecting 1.foutaua and. the entire Northwest 
with the interior basin and the Pacific slope. Compared with the pres
ent stage-routes to 1\lontana, a road by this valley would be from one hun
dred to one hundred and fifty miles shorter, and would. open up for settle
ment a vast area of arable and pastoral laud. The immense forests of pine 
timber would be mad.e available, and I am convinced that in a few years, 
on account of the ~::~carcity of good tim her in the interior basin, this will 
become one of the most important lumber regions in the West. If the 
railroad which contemplates connecting Corinne, Utab, with Helena, 
1\Iontana, passes up Henry's Fork, it will render available two thousand 
five hundred square miles of pine timber. All the wonders of our great 
National Park can be seen in one day's travel on horseback from this 
route. 

About ten miles northwest of Henry's Lake a new lake was disco'\'
ered, which from its peculiar character merits some notice here. It is 
called " Cliff Lake" on the map, from the fact that it seems to l>e con
fined to a deep fissure in the basaltic rocks. It is triangular in shape, 
its length about one and a balf miles, au<l half a mile in its greatest 
width. Several streams of considerable size flow into it, but no outlet 
could be discovered. High, nearly vertical walls inclose it on every 
side. 

From Henry's Lake the party crossed the water-shed by way of the 
Targee Pass into the Madison Valley, and passed up that stream to the 
Fire Hole Basin, where both of the parties met on the same day, All
gust 14, though starting about two montlls previously from points sev
eral hundred miles apart. The Snake H.iver division remained in this 
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1>asin several days, until supplies could be obtained from Virginia City 
for the return trip to Fort Hall. 

The party then continued its way up the valley of the Madison to its 
source, and spent some days exploring the different branches of Snake 
River and the Madison. There is perhaps no more unknown or more in
teresting geographical region in America than this great water divide of 
our continent. The maps which are now in process of construction in the 
office, and which will be issued to the public in the course of the present 
year, will almost entirely change the geography of this wonderful region. 
Within a radius of ten miles, may be found the sources of three of the 
largest rivers in America. The general elevation is from 7,000 to 8,000 
feet above the sea, while the mountains whose eternal snows form the 
sources of these great river~, rise to a height of 10,000 to 12,000 feet. 
l!..,lowing northward are the numerous branches of the Missouri, 
Yellowstone, and Wind Rivers, which all eventually unite into one 
mighty stream, the 1\fi.ssouri! To the south are the branches of Green 
Ri\er, whtch unites with the Colorado -and :finally empties into the Gulf 
of California, while south and west flow the branches of Snake River, 
which, uniting with the Colurnb.ia, pour their vast volume of water into 
the Pacific. 

The exploration of this remarkable water divide proves that the 1fad
ison Fork has its source in a small lake not bitherto noted on any map, 
and that the so-called Madison Lake belongs entirely on the Pacific 
slope. This latter lake was found to be about twelve miles long and 
eight miles wide. From tbis body of water flows a stream nearly one 
hundred feet wide, which, after a distance of about :fiye miles, empties 
into a second lake which is four miles long and one and a half miles wide. 
The former of these lakes was named Lake Shoshone, and the latter 
Lake Lewis, in honor of the great pioneer explorer of theN orth west. 

At the upper end of Lake Shoshone a new geyser basin was discovered, 
with from seventy-five to one hundred springs, many of them geysers of 
considerable power. The ornamentation about these springs was regarded 
as more interesting and elaborate than those in Fire Hole Basin. The 
divide between the Yellowstone Lake and Lake Lewis was found to be 
about 50 feet above the former, and 20.0 feet above the latter. This low 
ridge in the great water divide of the continent has doubtless given rise 
to the story of the Two-Ocean H.iver, and such a stream has found its 
way to most of our printed maps. 

From the summit of Red Mountain the scope of vision embraced a 
radius of one hundred and fifty miles,. within which four hundred and 
seventy mountain-peaks worthy of a name could be distinctly observed. 
The area that could be swept by the eye from this point could not have 
been less than :fifty thOusand square miles, embracing every variety of 
grand and beautiful scenery, of mountain and valley, probably without 
a parallel on the continent. Ten large lakes and several smaller ones 
were embraced in the view, and the entire Yellowstone Park was spread 
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out under the eye. To those who are familiar with the remarkable 
purity of the atmosphere in these high latitudes, these statements need 
not appear incredible. To the east the \Vind River and Big Horn 
Ranges, with the snow-clad summits of Fremont's, Union, and Cloud 
Peaks, bounded the view. On the north the Yellowstone Range, with 
Emigrant Peak and many of the loftiest mountains in 1\fontaua, were 
clearly seen. To the west the numerous rang.es comprised in what are 
called the Salmon l{i 'Ter Mountains of Idaho form the horizon of Yision 
in that direction, while the mountains near Fort Hall and the Wahsatch 
Range completed the mighty amphitheater. This remarkable Yiew em
braced a large portion of Wyoming, 1\loutana, Idaho, and Utah Terri
tories. 

About forty small streams, which unite and form the upper portion of 
Snake River, ~ere carefulljT examined. The party then proceeded down 
the valley of Snake River, through its remarkable canons, examined Jack
son's Lake and the numerous streams that empty into the main ri\-er on 
either side. About the middle of October the party arriyed at Fort 
Hall, where it was soon after disbanded. 

It will be seen from this report, and the more elaborate final reports 
which will follow in due time, that the scientific as well as the practical 
results of these explorations are of great importance to the material in
terests of the West. They have already enlisted the interest and ~ym
pathy of all classes of intelligent people of our country from l\iaiue to 
Florida, as the numerous letters and applications for the reports afford 
ample testimony. 

1'he two principal field parties were o:rganized as follows: 
The first di\Tision-Adolf Burck, cbief topographer; Henry Gannett, 

astronomer; A. E. Brown, assistant topographer; E. B. vYakefield, 
meteorologist; Dr. A. C. Peale, mineralogist; W. H. Holmes, artist; 
Walter 13. Platt, naturalist; W. B. Logan, secretary; A. E. Bingham, 
Joseph Savage, and T. 0. C. Sloane, general assistants. 

Second, or Snake RiYer diYision-Jarnes Stevenson, director; Profes
sor Frank H. Bradley, chief geoTogist; vV. R. Taggart, assistant geolo
gist; Gustavus U. Beclller, chief topographer; Rudolph Hering and 
Thomas W. Jaycox, assistant topographers; 'Villiam Nicholson, meteor
ologist; John J\1. Coulter, botanist; Dr. Josiah Curtis, surgeon and 
microscopist; C. Ilart l\ierriam, ornithologist ; Campbell Carrington, 
naturalist; William II. Jackson, photographer; Charles R. Campbell, 
assistant; Robert Adams, P. ,J. Beveridge, J. S. Negley, W. A. \Yest, 
S. F. Hamp, T. B. Brown, and S.C .• Jones, gen€ral assistants; Hon. N. 
P. Langford, C. S. Spencer, and Dr. Reagles accompanied the Snake 
River division from .Fort Hall as guests. Mr. William Blackmore of 
London, England, accompanied ·my party from Fort Ellis to the Geyser 
Basin for several weeks as guest, for the ptupose of examining the Na
tional Park. 

Although most of the members of botll parties labored with great zeal 
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to advance the objects of the survey, yet the burden of executive duty 
was so great in managing the affairs of so large an organization that a 
large part of my time and force has been abstracted from the purely 
scientific labors, and for this reason my personal report will be much 
less elaborate a.nd important than heretofore. I trust, however, that the 
report as a whole will not be surpassed in interest and value by any of 
the preceding ones. 

My first assistant, Mr. James Stevenson, performed his duties with 
his usual zeal and fidelity. In his management of the Snake River 
party, he exhibited executive abilities of the highest order·. Professor 
Bradley made some important discoveries in geology. The discovery of 
an upper member of the Potsdam group will prove an important addi
tion to our knowledge of western geology. Among the .fossils brought 
back by Professor Bradley, Mr. Meek has identified the equivalent of 
the Spergen Hill beds of Indiana, (Saint Louis limestone of the wt~stern 
carboniferous series.) The report of Dr. A. 0. Peale will show his great 
industry and care. I regard it as one of much importance. W. H. 
Holmes, as artist, rendered most important services in all departments of 
the survey. His sections and sketches have proved useful not only for 
the geological reports, but have been of great value to the topographers 
iu preparing their maps. Mr. William H. ,Jackson, the photographer, 
was more successful than in any preceding year. In testimony of the 
importance of his labors, I quote from a notice of his photograpbs from 
the January number of the American Journal of Sciences, by Professor 
.T. D. Dana: 

Next to a personal visit to this land of geysers, hot springs, fountains of boiling 
mnll, waterfalls, lakes, and majestic mountains, is a morning spent over these pboto
graplls. They would do credit to the best photographic laboratory, and, considering the 
difficulties inherent in a long and arduous journey, th~y are really admirable. The 
Yellowstone series well illustrates the advantage of photography over any hand-draw
ings in uringing oqt details of structure, especially where the artist is gni<led by the 
geologist in selecting the best points of view. Among the novelties which are a posi
tive addition to our knowledge of orography we m~ntion particularly the views of the 
Three Tetous. Among the geyser views there are two of" Old Faithful" iu full action 
which are exceedingly effective; others of b~1sins and cones in which the varied tracery 
of the surface may be studied with much of the satisfaction to be had from actual ex
amination; others, of long cascade slopes which have been gracefully terraced by the 
mineral depositions of the waters, and whose basins, brimful to their delicate edges 
with the petrifying waters, reftect mirror-like the surrounding objects; ot,hers showing 
large areas of the geyser region with the geysers in action. Such views give an oppor
tunity for the geologist to compare beds of chemical deposition with our ordinary 
limestones. 

Mr. C. Hart Merriam's report will show his zeal in his special depart
ment. Mr. John M. Coulter acted as botani~t, and his report exhits an 
unusual number of species of plants for a single season's labor. Mr. 
Walter B. Platt made interesting collections about the sources· of the Yel
lowstone and Missouri Rivers. The plants were added to those of Mr. 
Coulter, and the birds and mammals to those of Mr. Merriam. The new 
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species of plants haYe been described by the eminent botanist, Profes
sor Thomas C. Porter, of Easton, Pennsylvania. Of flowering pla:r1ts 
there were one new genus and six new species, besides several Yarieties. 
They number about nine hundred species. Of grasses there were about 
sixty species; !fiOSses, fift~' -three; lichens, with probably one new species 
and two new to this continent, sixty-seven; other cryptogamia, with 
two new species of fungi, seventy. There will probably be one thousand 
two hundred species in all. The report of Dr. Curtis, on the micro
scopic forms of that region, and especially about the hot springs, must 
prove of interest to micrgscopists. 

It is believed that the results of the survey as a whole will be found 
to be worthy of t.he liberal appropriation made by Congress for the 
purpose. 

The results of the labors of the tqpographical corps wi11 be visible in 
the series of maps, which will be published as soon as possible. Some 
of the smaller ones, prepared by Mr. Bechler, accompany this report. 
J\lr. Bechler labored with the utmost zeal and fidelity, and his maps of 
tlle Snake River Valley and its tributaries cannot but prove a most im
portant addition to the geography of one of the least known portions 
of our continent. TlJe observations for latitude and longitude were 
taken by l\Ir. Rudolph Hering, who also superintended tlw meteorolog
ical observations. He was · assisted in the field by Mr. Jaycox. 1\ir. 
'"\Villiam Nicholson remained at Fort Hall and made a most valuable 
series of meteorological observations. Mr. Adolph Burck, assisted by 
J\Iessrs. Gannett and Brown, secured the materials for a map of the 
Yellowstone, Madison, and Gallatin RiYers, with their branches, com
prising an area of about nine thousand square miles. The sudrlen 
death of Mr. Burck before the completion of his map, threw additional 
labor upon Mr. Gannett. J\Ir. Gannett has performed his duties both in 
the field and in the office with the highest credit to himself and to the 
survey. 

Besides the two main parties, several smaller parties haYe been oper
ating under the auspices of the survey in different portions of the West. 
It is a part of tile policy of the survey to invite distinguished special
ists to examine some of the more obscure and difficult problems in the 
geology of the West. There has been for n, longtime some differences of 
opinion in regard to the exact age of some portions of the Cretaceous 
and Tertiar.r groups of the West. I desired to gatller all the evidence 
that could be secured for the solution of the question the present sea
son. Professvr Joseph Leidy and Professor E. D. Cope spent a large 
part of tlJe summer in studying the ancient lake-basins in the interior 
of the continent, which have now become celebrated all over the world 
for the richness and variety of their vertebrate fossils. These eminent 
gentlemen were most successful and obtained a vast quantity of valu
able material, which will be embodied jn a series of memoirs illustrated 
with plates, which will form volume! of the quarto series of final reports. 
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Part I, volume I, by Professor Leidy, containing thirty-six plates, is now 
passing through the press. Part II, by Professor Cope, with fifty to sixty 
plates, will be ready for publication during the year. 

Professor Leo Lesquereux, our great authority in fossil botany, made 
a careful stud,y of the coal regions of the West, with one assistant, and 
procured a mass of valuable information and many new species of fos
sil plants. He bas been engaged for some time past on an exhaustive 
memoir on the ancient flora of the Cretaceous and Tertiary formations 
west of the Mississippi in the service of the survey. This will form 
Part II, volume II. Part I, by Dr. J. S. Ne~be~ry, containing about 
sixty plates, is nearly ready for publication. 

Volume III, by the eminent paleontol9gist, Mr. F.B. Meek, will contain 
the invertebrate fossils of the survey, with about eighty plates. About 
forty of the plates have been engraved. Mr. -Meek, assisted by Mr. H. 
M. Bannister, spent about two months during the pa.st summer along 
the line of the Union Pacific Railroad and procured much evidence from 
the fossil invertebrata. All these gentlemen have prepared essays of 
great value for the present annual report. 

Volume IV will co_ntain the profiles, sections, and other illustrations 
with descriptive text by the chief geologist. Part I will contain about 
one hundred illustrations, printed by the Albertype process from pho
tographic negatives taken by .l\Ir. Jackson. The views will embrace some 
Qf the most remarkable scenery of the West. Part II will contain the 
profiles and sections, with suitable descriptive text. 

Volume V will embrace memoirs on the recent zoology and botany of 
the survey. The first memoir of this volume, "Synopsis of Acridicl::e 
of North America," by Professor Cyrus Thomas, is now passing through 
the press. Special memoirs by the most, eminent authorities are in 
preparation on the new species of mammals, birds, fiRbes, reptiles, in
sects, indeed all the new forms of life, animal or vegetable, collected by 
the survey. 

It will be seen that the survey contemplates two classes of publica
tions: the annual reports and miscellan,eous memoirs in octavo, contain
ing an account of the preliminary work, catalogues and sncb matter as 
ma,y be regarded of popular interest, and are, therefore, printed in large 
editions and distributed to the people generally, and a series of quarto 
volumes which will contain the new and more technical results of the 
survey. The quarto volumes may be regarded as containing positive ad
ditions to knowledge, and are intended more eRpecially for distribution 
to libraries and men of science. 

The colleetions of the survey, which are very great in all departments, 
are deposited in the Smithsonian Institution, in accordance with a law of 
Congress. The first and most complete series will be selected for the 
Nationall\1useum, and the duplicates divided into sets and distributed 
to the museums and institutions of learning in our country. 

I have again the pleasure of acknowledging important favors from the 
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military authorities. Hon. W. vV. Belknap, Secretary of War, issued 
the same order on the military posts of the West as last year. His per
sonal interest in the success of the survey has been of great material 
value. There is not space to mention the names of all the officers who 
exhibited a kindly interest in our success. From General Ord, com
mander of Department of the Platte, at Omaha, our party received the 
most prompt and generous aid in every way in his power. He has 
aiways manifestetl the greatest interest in the exploration and develop
ment of the West by all parties, civil or military. 

By Colonel U. A. Reynolds1 of Fort D. A. Russell, Captain Putnam, 
Lieutenants King and Nehwn of Fort Ilall, and :Major Forsyth and 
Lieutenant :McAdams, of Fort Ellis, special favors were granted, for 
which I beg them to accept my cordial thanks. By the citizens of the 
western Territories everywhere we were always receiYed with great 
good will and aideu in our work. To his excellency Governor Potts, 
J. L. Corbett, A. B. Knight, and Raymond Brothers, of Virginia City; 
to Willson and Rich and Nelson Story, of Bozeman, Warren, Hussey 
& Co., Salt Lake City, and Nat Stein, of Corinne, and many others, we 
are under many obligations for favors of great importance. 

To the officers of the Union Pacific Railroad, Hon. Horace F. Clark, 
president, and General T. E. Sickles, general superintendent, the sun~ey 
is under the moRt important material obligations for free transportation 
for nearly all the members of the party. From the Central Pacific, 
Kansas Pacific, Denver Pacific, Chicago, Burlington. and Quincy, and 
the Denver and Rio Grande roads we received a liberal number of passes. 
I wish to extend my cordial thanks to the officers and employes of all 
the railroads of the West for uniform courtesy and marked sympathy in 
all our operations. 

I would again express my sincere thanks to the press in all parts of 
our country for their uniform interest and encouragement in our work. 
Since the commencement of our surveys in the West, there has not been 
an unkind expression from the press, secular or scientific, in this country 
or in Europe. 

To the editors of the Illustrated Christian Weekly I D,m indebted 
for some most valuable electrotypes which have been used in this 
report. Thanks are also due to Professors Henry and Baird, of the 
Smithsonian Institution, for many favors of great value. 

The success which has attended tlle operations of the survey for the 
past six years; the publication ·of six annual reports which llave been 
received with great favor not only by the people of our own countr.,y, 
but in all parts of the world, would appear to entitle it to the continued. 
confidence of Uongress. Its organi~ation is becoming more efficient and 
more perfect every year, and it is believed that it occupies a position 
under the General Government not :filled by any other body clm~oted to 
kindred pursuits. From the great interest which the people of our 
country bave continually manifested in its success, it would appear to 
sNpply an existing want, and it is capable of expansio11 to meet the 
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necessities of the Government so far as its duties are concerned. I there
fore venture to ask that additional power be given it to increase its effi
ciency, that it may continue to command the respect not only of men of 
science, but of the intelligent world generally. 

To render the organization more perfect, so far as the topographical 
portion is concerned, Mr. J. T. Gardner, so long favorably ~nown as 
the chief topographer of the geological survey of the fortieth parallel, 
under the direction of Mr. Clarence King, has become associated with 
me as chief of the topographical staff. Mr. Gardner brings with him 
to this duty the ripe experience of ten years of topographical work, ex
tending over an area from the Pacific coast to the east base of the Rocky 
l\1ountains. Mr. Gardner thus expresses his conception of a true topo
graphical map for geological purposes: 

For making maps suited to geological purposes it is necessary to carry over the 
country a systematic trigonometric and topographical survey, checked by astronomL 
cal observations. The maps must 1·epresent the features of the country accurately, and 
in boltl relief; or, in other words, they must be a picture of the earth's surface as one 
would see it looking down from above. 

The work of the survey as contemplated by the present organization 
demands the very highest order of talent. To command this, it is neces
sary that the young men who may embark in this enterprise should feel 
a confidence in the permanency of the work, instead of regarding it as 
a steppiqg-stone to more lucrative positions. Each professional assist
ant is worth to the Government from 50 to 100 per cent. more, every 
succeeding year. To make thorough astronomical, topographical, mete
orological, geological, and botanical researches, and to develop the min
ing and agricultural resources properly, trained experts in all the differ
ent departments are absolutely essential. Such men to identify them
selves permanently with the survey must be paid in proportion to their 
abilities. 

In conclusion, I would again extend my cordial than~s to the honor·a
ble Secretary of the Interior, and to Hon. B. R. Cowen, Assistant Secre
tary, for their prompt action and sympathy in every movmrent that 
tended to promote the best interests of the survey. The broad discre
tion and freedom of action which llas at all times been given to the Chief 
Geologist under the Department of the Interior have contributed very 
greatly to its success. 

_Very respectfully, your obedient servant, 
F. V. HAYDEN, 

United States Geolog-ist 
Hon. C. DELANO, 

Secretary of the Interior. 
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CHAPTER I. 

INTRODUCTORY. 

I bad intended in this report to present a careful reswne of the geol
ogy of the Northwest, so far as my explorations have extended ; but the 
unm:ual pressure of executive duties, in connection with so large a party, 
has prevented me. I shall, therefore, in this c)lapter pass hastily in 
review some of the more important points that occur along our route, 
from Cheyenne to the Yellowstone region. 

I will first notice briefly the lignitic formations as they appear along 
our route. Inasmuch as there has been some diversity of opinion among 
geologists in regard to the precise position in the geological scale of the 
great coal or lignitic group of the West, I desired to secure all the evi
dence possible bearing on that point. For this purpose Professor Leo 
Lesquereux, our great authority on fossil botany, was directed to spend 
a few months in exploring the coal-beds of the vVest. He paF;secl along 
the Kansas Pacific Railway to Denver, Colorado, examining the Creta
ceous coal-beds on the route. From D enver he proceeded along the 
base of the mountains to Santa Fe, and returning, macle a careful study 
of the coal-groups as shown in the vicinity of Denver. He then visited 
the principal points of interest along the Union Pacific Railroad to Salt 
Lake City. The reader is referred to his valuable reports in this vol
ume for the results of his examinations. 

Besides the lignitic group, there is a series of extensive lake-basins 
in the interior of our continent which have already yielded an astonish
ing number of remarkable vertebrate remains. Inasmuch as greater 
weight is attached by some geologists to the testimony of the higher 
order of organic remains, Professor J·oseph Leidy and Professor E. D. 
Cope, both of whom are justly regarded as the most eminent compara
tive anatomists of our country, made a careful exploration of the lignitic 
and more modern lake groups, under the auspices of the survey. Their 
reports, appended to this volume, will throw great light on the age of 
these formations. 

l\ir. F. B. }leek, paleontologist of the survey, assisted by Mr. H. M. 
Bannister, made a careful study of the lignitic group from the inverte
brate side, and their reports contain most valuable results. The time 
has been so short for the preparation of this report that I have not been 
able to examine the results of the studies of these eminent gentlemen, 
and therefore cannot present their conclusions in regard to the age of 
these deposits with certainty. I am of the impression, however, t,hat 
Professor Lesquereux concludes, from his study of the fossil plants; that 
the lignitic strata are mostly Eocene. Mr. Meek belie;ves them to be 
upper Cretaceous, passing up through a series of transition beds to 
Eocene; while Professor Cope regards them as of Cretaceous age. 
All these gentlemen must be rega~ed as individually responsible for 
the opinions expressed in their reports. 
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I will just here state briefly the history of the growth of the evidence 
in regard to the age of the lignitic group as expressed in my previous 
reports. As far back as 1854 and 1855, the writer was exploring the 
Tertiary formations along the Missouri Hiver, and made large collec
tions of shells and plants, most of which were new to science. These 
explorations were continued each year up to the autumn of 1860, in 
various parts of the Northwest, and annually large additions were made 
to .the collections both of vegetable and animal remains. The shells 
were all of extinct species, of brackish or fresh-water origin, and, while 
they did not appear to be positively characterh:;ti.c of any age, were 
regarded by l\11'. Meek as more nearly resembling Tertiary types than 
any other. The fossil plants were mostly of extinct species; and in his 
most valuable chapters contributed to the "Report of the Exploration 
of the Yellowstone and Missouri Rivers," during the years 1859-'60, Dr. 
Newberry expressly states that they are of Tertiary age, and most prob
ably Miocene. Now, these lignitic strata occupy a vast area in the 
Upper l\1issouri Valley; extending far southward, with very little inter
ruption, to New Mexico, and westward into the interior of the continent. 
I have many times, in my previous reports, expressed the opinion that 
the lignitic formations of theW est were all portions of one great group, 
interrupted here and there by mountain-chains, or concealed by more 
modern deposits. Having, therefore, fixed the age of these beds on the 
Upper l\1issouri, and subsequently tracing tllem across the country, 
southward below Santa Fe, and westward nearly to Salt Lake Valley, 
I ventured to express the opinion, from the identity of the fossil flora, 
that all the lignitic strata of the West might be of 'fertiary age. In the 
snmmer of 1868, I made an examination of the lower coal-beds at Bear 
River City and at Coalville, Utah, and made the statement that the 
evidence seemed to point to the Cretaceous age of these beds. Since 
that time the proof of the Uretaceous age of the lower coal-beds in Utah, 
especially at Bear River and Coalville, appears to be conclusive. But 
if we admit that the coal-beds of W.voming and Colorado are all of Cre
taceous age, I think we may extend them all over the Northwest and 
ignore the evidence from the fossil flora entirely. The facts, as we pos
sess them at the present time, seem to point to the conclusion that the 
deposition of the lignitic strata commenced during the latter portion of 
the Cretaceous period, and continued on into Tertiary times without any 
marked physical break, so that many of the Cretaceous types, espe
cially of the vertebrata, may have lingered on through the transition
period, even into the Tertiary epoch. I propose to discuss this very 
important problem in detail at some future time. Each yt>ar's explora
tion adds immensely to our knowledge of the vast Cretaceous and Terti
ary groups of the ·West, and the time cannot be far distant when the 
facts accumulated will enable us to reconstruc.t the physical history of 
those remarkable periods. 

Although the survey began its labors near Ogden in the Gre'at Salt 
Lake Basin, yet we shall delay only to note a few features which seem 
important. The geology of this great basin, from the Sierras to the 
Wahsatch Range, will doubtless be ably discussed in the forthcoming 
volumes of Mr. Clarence King, in charge of the geological exploration 
of the fortieth parallel. The results of this survey will prove of the 
highest importance to Rock.)'-Mountain geology. The sunTey under my 
charge is annually accumulating materials looking toward a more com
plete discussion of the principal geological features of this interior 
region, should the much-looked-for period of leisure ever arrive to digest 
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them. A portion of the obserYations made on seYeral expeditions ha,Te 
been given in the reports of the survey for the years 1870 and 1871. 

By examining a good map of Utah, it will be seen that the Wahsatch 
Range forms the eastern boundary of the great interior basin. In many 
respects this is the most remarkable range of mountains in the interior 
of our continent. 1\fr. King, in Chapter VII, l\1ining Industry, has 
briefly but most graphically descriuecl its general structure. He 
remarks that the materials of this range are identical with the numer
ous great chains of the interior basin, though developed ou a scale of 

• graudeur observed nowhere else. The basis rocks are a. series of alter
nating layers of quartzose, mica and hornblendic schists. Abo\'e tllese 
rests a heavy bed of quartzite, with yery regular and marked stratifica
tion. Above the quartzite comes a bed of very llanl ashen-gray lime
stones, probably of Silurian age ; then a group of shales, clays, quartzites, 
&c.; aud then a great thickness oflimestones, the upper portion of which 
has been shown by the organic remains to be of Carboniferous age. In 
the vVeber Oaiion and on the east side of the range from Ogden, there is a 
large group of quartzites, passing up into siliceous limestones and capped 
with a bed of red sandstone, wllich, so far as my own observations are con
cerned, is of doubtful age, but may be Triassic. Above these comes a 
thick group of bluish-gray limestones, with characteristic Jurassic fossils. 
These ranges, which seem to me to run in nearl.vparallellines, about north 
and south, appear to possess a common structure and point to a common 
origin, and cannot be treated in a comprehensive manner except by a 
geologist familiar with the entire basin and its surroundings. These 
ranges rise up in long, sharp ridges, apparently from the plains, while 
the lowlands are covered with a group of modern deposits, which jut up 
against the base of the mountain-chains on either side. Since the 
crumpling, or folcling, of the earth's crust, which gave origin to this 
wouderfnl series of mountain-chains, the erosion has been immense. It 
is most probable that at a comparatively modern period the vm~t area 
between the Wahsatch Mountains on the east and the Sierra Nevada 
on the west was one great lake, the mountains rising up as islands in 
this vast inland sea. The lakes, large and small, which we find scat
tered over the basin at the present time, are only remnants of this for
mer sea. The modern deposits which cover the lowlands are mostly 
calcareons and arenaceous beds. and sometimes reach a thickness of 
800 to 1,200 feet, and often filled with fresh-water or land shells, indi
cating a very modern origin, probably not older than the Pliocene 
period. At any rate, the strata are all llorizontal or nearly so, showing 
that no disturbance of any great importance has occurred since their 
deposition. These ranges of mountains extend, with greater or Jess 
intervals in their continuity, far northward into Idaho and .Montana. 
Certain changes in the details of structure are apparent as we pass 
northward to Snake River Basin, but there is a remarkaule similarity in 
the rock-materials as far as the great water-didde of the continent, 
when rather marked changes occur in the mountain-ranges of Montana, 
where the quartzites give place to great thieknesses of limestones. 
Indeed, iul\lontana the quartzites, which are so well shown in Utah, have 
no existence, though far to the westward in the Salmon River Mountains 
tlley coutinue in full force. We have not the materials as :ret for a 
critical stud v of these remarkable folds or wrinkles in the earth's crust 
that are scattered throughout this interior basin, more or less parallel 
to each other. Sometimes the granitic nucleus is revealed, with tlle 
unchanged beds obscurely exposed around tlle sides or base of the range. 
Usually the very bard limestones have served as a sort of protection, 
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and are generally seen in full force. In the Wahsatch Range some of 
the peaks rise to the regions of perpetual snow, and on either side deep 
and most picturesque canons are carved out of the solid mass into the 
valleys below. Little and Big Cottonwood and American Fork Canons 
are only examples of hundreds of these wonderful canons, having, 
on either side, nearly vertical walls 1,000 to 2,000 feet in height. 
T~he Oquirrh l\fountains at the south end of Salt Lake form a fine illus
tration of an oblong quaqnaversal, an interrupted fold or puff, with the 
strata inclining at various angles from all sides. From Lyon Hill the 
geologist can see the Carboniferous limestones inclining southward from 
the south end of the range, and as he follows along the base northward 
the quartzites, shales1, or limestones which compose the sedimentary 
group incline westward, whil~ at the north end near the lake, the 
strata bend arounu, and apparently dip under the wa.ters of the lake, 
while on the east side, these beds incline to the eastward, and appar
ently pass under the valley. We. can see, therefore, that these valleys 
are really synclinals, which have been excavated more or less by erosion. 
The islauds in Salt Lake are only the crests of these folds, while the 
waters occupy the synclinal valleys; and this remnant illustrates on a 
small scale the scenic beauty of the great inland sea when it extended 
over the entire basin. Ophir Canon is one of the deep gorges car\ed out 
of the west side of the Oquirrh Range, at right angles to the axis of eleva
tion, revealing the•strata on either side in a wonderfully clear manner. 
Regularly-stratified quartzites rest upon a series of granitoid strata, 
which are exposed only here and there in these deep gorges. The 
quartzites pass up into micaceous clays or shales, then graduallJ7 up into 
limestones, in which are located some of the richest silver-mines in Utah. 
It is quite probable that the lower beds of quartzites and limestones are 
of Silurian age, perhaps as old as the Potsdam group, while we know 
that at least the greater portion of the second limestone-bed is of Car
boniferQus age. On Lyon Hill, the silver-mines are located in lime
stones that are full of characteristic Carboniferous fossils. Another 
interesting feature which tends to complicate the structure of these 
ranges is the great number of dikes of every size. In some instances 
the igneous matter has poured out over a considerable area. Again, it 
has never reaclled the surfhce, as is shown only in the deep water
carved gorges. In Brigham Canon, on the east side of the Oquirrh 
Range, are several well-marked dikes; also on Lyon Hill and Ophir 
Canon. At the north end of this range the effect of erosion is well 
shown by the outcropping edges of the beds of limestone that are 
exposed on the bottom and extend even into the lake. Black-rock 
appears to be a mass of Carboniferous limestone, a remnant of a be<l 
that once extended over the area occupied by the mountains, but now 
probably dipping beneath the valley and the lake-basin. Church Island 
is composed almost entirely of quartzites. Antelope Island has a table
shaped top, which would indicate that the terraces reached as high as 
its present summit. · 

As a fine illustration of erosion in connection with these remarkable 
anticlinal folds and synclinal valleys, we might take the Wahsatch 
Range from Salt Lake City northward. To the southeast and east of 
Salt Lake City we can see, with great clearness, the deep water-worn 
canons cleaving the mountains from summit to base, while on either side 
are the sharp angular peal~s rising up among the regions of perpetual 
snow. Twin Peaks are among the loftiest of the range, and may be seen 
at a great distanee on either side. The canon of the Little Cottonwood 
is one of the most picturesque in this very pieturesque region. .At the 
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bead of it is located the celebrated Emma l\1ine. The walls on either 
side rise to the height of 200 to 300 feet. "\Ve have at the base the 
beautiful gray massive syenite, which is employed in the construction of 
the Mormon Temple, and resembles our best Quincy granite. Upon 
this rests a series of feldspathic gneissic st.rata~ and upon these were 
deposited the lower quartzites unconformably. The dip of the gneiss is 
south or southeast, while the quartzites incline north or east of north. 
The order of superposition is most clearly shown by these wonderful 
gorg-es. But as examples of erosion they excite wonder. 

The evidence of drift or glacial action is eYerywhere seen on a 
grand scale. The sides of the caiions are worn and furrowed by the 
masses of snow and ice that have slidden down for centuries. The 
waters gathering and freezing in the fissures on the sides and margins 
of the caiions pry off, as it were, immense masses of rock, which fall 
down into the valley below. Masses, 50 to 100 feet in diameter, block 
up the pathway. Near the entrance of the cafion from the valley the 
amount of drift-material which has been swept down from above is pro
digious, showing the results of forces not now in operation. As we pass 
along the west side of the range, we shall find a vast thickness of the 
sedimentary rocks, ranging through tlle Silurian, Carboniferous, Triassic, 
Jurassic, and Tertiary, inclining from the mountains toward the plains, 
showing the original anticlinal structure of the entire range. 

In City Creek Cailou, just in the rear of Salt Lake City, we find near 
the head, all the older rocks, up to the Jurassic iuclusi \Te, standing nearly 
vertical, or incliniug at a high angle, with the conglomerates of the 
\Yahsatch group, jutth1g against the Jurassic beds, also inclining at a 
moderate augle. I have never yet observed any rocks on the west side 
of the Wahsatch Range filling up the interval between the Jurassic 
limestone and the Wabsatch COljglomerates. vVe know, however~ that 
south of Utah Lake, the int_erval is filled up more or less by tbe coal
group, wlrich seems to be, from the evidence of the fosRils, the same as 
that so well shown at Coalville on the east side of the Wahsatch. We 
see by this fact that the conglomerates, although not conspicuous a~ 
the present time, on the east side of the valley, did, however, exteud over 
the range into the valley, and may, for aught we know at the present 
time, extend far across the valley, for they are shown with a great thick
ness on the west side from City Creek CaP-on for several miles to the 
northward. 

From among the Tertiary clays and conglomerates north of the city 
near the Hot Springs and above, the dark steel-gray limestones of the 
Carboniferous period crop out in uumerous places. About ten miles 
north of Salt Lake City all this immense mass of sedimentary beds, at 
least 10,000 feet in thickness, has been swept away, leaving the gneissic 
nucleus bare with the modern drift which underlies the terrace jutting 
against the sides. From Farmington to Weber Canon, a distance of 
about twenty-five miles, the beds of the little streams which flow in 
great numbers and carve out deep canons in the sides of the mountains, 
furnish no trace of any unchanged rocks. 

Standing upon some high point and casting the eye northward along 
the range~ the very granitoid nucleus \Yould appear to have been worn 
away, and the east side of the anticlinal to appear with the upturned 
edges of the strata cropping out toward the valley near Ogden. This 
monoclinal conditifm of the range oontinues northward beyond Corinne, 
and in the inten~als are some very fine exhibitions of the strata. Here 
and there the granitic rocks appear from beneath the quartzites, but not 
continuously. If we take the position that this wonderfully picturesque 

2GS 



18 GEOLOGICAL SURVEY . OF THE TERRITORIES. 

range of mountains, which we call the Wahsatch Range, was originally 
a complete anticlinal fold, then it forms a fine illustration of the erosive 
effects of water in comparatively modern geological times, which for so 
great a distance has swept away the entire half of the range. We may 
also suppose that beueath the great thickness of superficial deposits which 
compose the terraces, the edges of the strata which form the west side of 
the fold now exist, dippiug beneath the valley, but rising ag<tin on the side 
of some other fold in the basin as Antelope Island, &c. If our suppositions 
are true, the next question that at once arises in the mind would be as to 
the cause of thi:;;; trAmendous erosion. We haYe neither space nor time, 
even if we had an the facts, to discuss this most iuteresting problem in 
the present report, bnt we promise our readers to recur to it again at 
some future time. vYe may, however, suppose that the vVahsatch Bange 
formed the eastern shore of the great inland sea which, at a compara
tively modern geological period, covered the entire basin. How great a 
depth it ever attained it is difficult now to determine, but at some period 
its waters must have reached high upon the sides of the loftiest ranges, 
so that they appeared scattered here and there as islands prQiecting 
above the surrounding waters. It is probable that during the gradual 
decrease of the waters of this lake the greater portion of the erosion of 
the canons was performed. Up the Yalleys of all the little streams that 
lead into Salt Lake are the terraces and peculiar lake-dt>posits, showing 
that the lake-waters extended far up beyond the wall-like shores. It is 
altogether probable, from the proofs which are found en•rywhere in 
these valleys, that there were continued oscillations in the deptll of the 
lake-waters, a rise and fall, and long periods when t,he waters would 
remain at a fixed level. If we take the position tllat the present resnl ts 
of erosion have all been brought about b;v the slow destruction of the 
rock-materials by water, and that this force is produced l>y t,he agita
tion of t.lle waters beating upon the shores, then we may suppose Lhat 
the winds from the west and southwest prev:;liled and grwe to the waters 
the force that slowly produced t.he erosive results that we now see on 
the east and northeast sides of the valley. Other causes may luwe 
united in producing these results, which we hope to present at some 
other time. 

From Salt Lake Yalley the Snake River division of the survey pro
ceeded northward, by way of the parallel valley, to the valley of Snake 
River near Fort llall. In my report for _;_371, I recorded most of our 
observations on this route, and now refer the reader to the more com
plete account of Professor Bradley in tllis report. 

As we proceed north ward toward the di \7 ide between the waters of 
the basin and Snake River, the quartzites seem to diminish and the cal
careous beds to increase, and the conditions seem to have been more 
favorable for the preservation of organic remains. The Carboniferous 
limestones seem to be well developed, and charged in some places with 
characteristic fossils. On the divide between Ross Fork and Lincoln 
Valley, near Fort Hall, Professor Bradley obtained a stray mass of 
limestone~ in which was crowded together a mass of minute fossils, nearly 
forty species, many of them identical with species fouud at Spergen Hill, 
Indiana. (See Catalogue of Fossils, by Mr. Meek.) This is certainly a 
most important discovery, extending the existence of this formation 
very much farther west than it had ever been known before. Previous 
to this time not a single species of this group had been found west of 
Iowa or Missouri. It indicates that quite probably, if the great mass of 
Paleozoic rocks of the V\r est could be examined in detail, they might be 
separated into numerous subdivisions, as we find them where they have 
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been studied so minutely east of the l\1ississippi. The evidence, how
ever, so far as I have been able to procure it as yet, is against any well
defined lines of demarkation; that the fossils which have been employed 
by paleontologists at the East to characterize certain beds pass from 
one to the other in these western groups, so that no well-defined line 
can be drawn in most cases. 

As far back as 1857, while the writer was connected with the explor
ing expedition of Lieutenant Warren, United States Topographical 
Engineers, he obtained, from a series of reddish calcareous sandstones, a 
group of fossils, which Mr. Meek at once identified as belonging to the 
horizon of the Potsdam sandstone of New York. The key having been 
once secureu to the age, it was not uiff:ieult to extend the area of this group 
farther west and north and south on a geological map, and one was pre
pared by me and published in connection with my report for 18G9, which 
indicated the existence of this division all along the margins of the east
ern Hocky Mountain ranges. But it was not known until tbe present 
season that still higher members of this group existed in tbe far West. 
While the Snake River division was passing up the Malade Valle~·~ 
Professor Bradley discovered masses of limestone filled with fragments 
of trilobites that indicated the existence of the Quebec group. The 
proof once made known from some favored locality, it was not difficult to 
extend the geographical area over the greater part, or perhaps all the 
area, of the Northwest. At any rate, the party under my direction found 
this group well developed over the greater portion of l\1ontana. Along 
the Gallatin River, near the Three Forks, and below, the Silurian beds 
reacb an aggregate thickness of 1,GOO to 2,000 feet, and most probably 
include the entire Potsdam group. Future explorations in loealities 
wllere the conditions are favorable, rnny reveal the existence of other 
subdivisions of the Silurian, Devonian, or Carboniferous. The discovery 
of the well-known Silurian coral, Halysites catenipora, in the summer of 
1t;71, near the sources of Ogden Creek, points to the existence of the 
Niagara group. 

In the spring of 185!), a large expedition was organized under the 
War Department for the purpose of exploring t.he sources of the Mis
souri and Yellowstone Rivers, and placed under the direction of Captain 
vVilliam F. Raynoltls, Topographical Engineers. To this expedition 
the writer was attaclled as geologist. Tile party started across the 
country from Fort Pierre, on tile Missouri River, in the spriug of 1859, 
passed along the north side of the Black Hills to the valley of the Yel
lowstone, and then up that valley to t.he mouth of the Big Horn River, 
and then up the valley of the Big Horn to the Big Horn Mountains 
southward to Deer Creek, a tributary of the North Platte about oue 
hundred miles above Fort Laramie, where tlley spent the winter. In 
tbe spring, the party passed up the N ortb Platte, by way of the Red 
Buttes, to the valley of Wind River, ascended that stream to its source, 
and crossed the Wind H,iver Mountains over Union Pass into the valley 
of Snake River, crossed that stream near Jacl<son~s Hole, passed up the 
valley northward across tlle sources of the little streams running into 
Henry's Fork on the east side, and entered the valley of tbe .Madison 
through Low or Raynolds's Pass. Captain Raynolds's report, accompa
uied by an excellent map, was published by Congress in 1868, and the 
report of the geologist, accompanieu by a geological map in colors, was 
published in 1869. As these reports are now out of print, I take the 
liberty of making such extracts as will be of interest in this connection. 
Tbe portion recording my observations of the geology about the Wind 
River 1\Ionntains, Snake River Valley, Tetons, &c., is comprised in the 
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following extracts from Chapter X, commencing at the bottom of page 
85. I have quoted tlle chapter without corrections, that it ruay be com
pared with tile more eareful obseryations which were made by the pnrtJ· 
the past season. Only one prominent error occurs, and that is tile state
ment that the central portion of the Teton Range is composed of erupted 
rocks, whereas Professor Bradley has shown that they are formed mostly 
of gneissic strata, penetrated here and there by dikes. 

"June 1.-0n the west slope of the Wind River Mountains we met with 
a thick deposit of drift material, whicll, as we descended to Gros Ventres 
Fork, soon expanded into a great thickness of recent strata, evidently 
quite recent Tertiary. The banks of the Gros Ventres Fork present high 
bluffs, some 300 to 600 feet hig·h, but I should think that this formation 
had been deposited after the surface of the country had attained, for tlle 
most part, its present configuration. The strata consist of loose fine 
arenaceous clays, the layers containing more or less arenaceous matter, 
which does not effervesce, and layers of harder rock, a fine-grained and 
coarse sandstone, and sometimes an aggregation of grains of quartz 
with ferruginous matter and particles of mica. The materials are all 
evidently derived from the vicinity. Some of the masses of rock present 
a compact .tine siliceous structure and effervesce feebly. 

"rTttne 4.-To-day the Tertiary strata begin to assume a good deal of 
importance. We have the brick-like materials which result from the 
burning out of the lignite beds. There were also masses of indurated 
clay, covered with vegetable remains and impure lignite beds; indeed, 
all the indications which the lignite Tertiary beds present on the east 
side of the mountains. The beds are also much disturbed, inclining at 
Yarious angles. The following section of the lig-nite beds was taken 
here, which will serve to show their resemblance to tlwse on the eastern 
side of the mountains : 
9. A yellow fine-grained sandstone and a dark gray limestone, with a 

parting of clay. The limestone is quite brittle, breaking into 
thin laminm, and contains impressions of dicotyledonous leaves and 
a distinct species of Unio. 15 feet; inclination, 28°. 

8. Light yellow sandy marl. 15 feet. 
7. Impure lignite. 4 feet. 
6. A series of marly clays which, when saturated with water, forms a 

thick paste, variegated in color. Near the summit, just below the 
lignite, is a thin seam, four to six inches, of hard-shell limestone, 
with the shells in the most comminuted condition. I recognized 
Unios, Vi1:iparas, &c., sufficient to show that the deposit is fresh 
water. 150 feet. 

5. Alternate dark gray and brown-yellow gray, fine sandy and clay 
layers, with some calcareous matter and a few seams of incoherent 
sandstone, sometimes assuming a concretionary character. 200 
feet. · 

4. Impure lignite and clay. 8 inches. 
3. Yellowish-gray clay. 4 feet. 
2. Impure lignite. 6 inches. 
1. Yellowish clay, with some calcareous matter. 

The general inclination of all these beds was about 20°. 
June 5.-We ascended a high ridge, from which we could see to a 

great distance. Looking to the dividing crest of "\Vind River :;\lountains, 
we find the exposed belt of granite to be not more than four or five miles 
in wi<lth, and gradually lost in the basaltic or erupti'"'e range, which 
also renders itself conspicuous. The Tertiary beds seem to reach fully 
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up to the crest on the west side, and often passing what appears to be 
the junction of the Big Horn Range, even to the entire divide ()f the 
mountains. vVe also see, high up on the flanks of the mountains, a full 
series of the more recent Tert,iary beds, with pinkish bands, precisely 
similar to tho::;e in the Wind River Valley. These pass up into yellow 
sandy marls and sandstones. I have estimated the entire thickness of 
the Tertiary beds on the west side of the mountains at 1,200 to 1,500 
feet. In the lignite beds and vicinity are great quantities of selenite 
and silicified wood. All over the highest bills near the crest of the 
mountains, 10,000 feet above the sea, are the recent Tertiary beds. ..A. 
large portion of the superficial Tertiary strata incline from vVahsatch 
and Green River Mountains, showing that these deposits were probably 
disturbed at the same time by the uplift of these ranges. In the dis
tance are the Three Tetons, rugged peaks of erupted rocks, towering 
high above the rest. These peaks are sharply pointell, piercing the 
clouds like needles, and it is said that the trappers have never been able 
to get near them. So far as we have yet seen, at least .fifty miles of the 
dividing crest of the mountains are covered with Tertiary rocks. 

''June 7.-vVe passed up a ravine to-day, which runs north and south, 
and is close to the divide which overlooks Snake River. The lignite 
strata incline nearly northeast at an angle of 400, and as we ascend, 
many of the lower members of the lignite strata are exposed. We also 
see quite large areas covered with eruptive rocks, and also a sort of 
basaltic conglomerate composed oflarge angular masses of rock cemented 
with the melted material. Mr. Bridger informed me that these same 
formations continue all along the Wahsatcb :Mountains to Bear Spriug 
and Henr,y's Fork, and down Snake River nearly to Blackfoot Creek. It 
also covers the valley of tile Yellowstone to points below the lake. 
There is simply a band of granite along the divide in the form of a 
narrow belt. 

"Descending the Gros Ventres to its junction with the Snake River, we 
find the same Tertiary beds prevailing to a great extent, and sometimes 
assuming a nuiety of lithological characters, at one locality a thickness 
of 200 feet of worn pebules and sand, the whole inclining from 20° to 
35°. Gradually the Cretaceous rocks appear along the valley of the 
stream. A section of these rocks would be as follows : 

3. A series of sandstone, arenaceous limestone, and laminated marls. 
150 feet; inclination, 20o. 

2. A series of thin indurated beds of clay, sandy marl, limestone and 
sandstone, with six or eight seams of impure lignite, which has 
ignited in several places, giving to the earth in contact a brick-red 
color. 80 feet. , 

1. Gray ash-colored sandy laminated marls, with layers of fine sand
stone. Sandy matter predominates. 100 feet. 

"In the upper beds were quite abundant fossils, consisting of a huge 
Inoceramus, two species of Ostrea., a large P·inna four inches long, a 
Cardium, and many small shells. The whole deposit indicates slwal 
water in a shore-deposit, and there are also fragments of wood. As we 
descend, the Jurassic is exposed with Ostrec~ and Belemnites dens~ts, and 
there is an enormous development of the red arenaceous beds, making a 
thickness of 1,000 to 1,200 feet or more. Near the middle of the red brd 
is a layer of gypsum 4 feet in thickness. There are other seams or 
layers of gypsum, each with partings of the red marl. The dip is quite 
variable, at one place 29o, at another 15o, and again 7o. 

" The Cretaceous beds differ from those on the east side of the vVinu 
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River Mountains, both lithologically and paleoutologically, but the 
Jurassic and red deposits are, so far as could be observed, precisely 
alike in their character and contents. l believe, however, that all 
these formations at one time extended continuousl.v over the entire 
divide of the Rocky Mountains. ' ~ 

"As we descend into Jackson's Hole, we find the Carboniferous lime
stones with their usual lithological characters, a very hard brittle yellow 
rockt with much cherty material, inclining 120 to 15°. There is one 
thick cherty layer, 15 feet thick, dark bluish color, inclining 1~0 . We 
find these limestone~ along the mountains on both sides of .Jackson's 
Hole, but the central portions of the mountain-ridges are composed of 
eri1ptive rock. 

''Near Snake River, on the right bank, is a rather low range of hills, 
which presented the appearance at a distance of being composed of 
stratified rocks. On examination the rocks appear to be a bluish, very 
hard cherty limestone, apparently Carboniferous, 160 to 200 feet thick, 
passing up into a compact siliceous gray rock with a reddish tinge. In the 
limestone are numerous fossils, mollusca, and corals, but too much broken 
and obscure to determine. On the left side of Snake River I saw lime
stones charged with fossils, especially corals. These limestones are 
scattered promiscuously along the flanks of the lower hills and ridges, 
and while in many places they are in part or entirely removed by the 
erosive action of water, the evidence is clear that they were deposited 
here with a thickness fully equal, and were possessed of a similar char
acter, to those on the eastern slope of the mountains. The valley of 
Snake River is broad, fertile, and beautiful, and very few traces of the 
Tertiary beds are seen, and I am now inclined to think that we can see, 
to a very great extent, the configuration of the main portion of the 
Snake River Basin as it was prior to the Tertiary period; for the Tertiary 
beds, being of a loose friable material, were easily eroded away, leaving 
along the banks large areas covered with it. 

"June 18.-Crossing over Snake River, we ascend the pass 1,900 feet 
above the bed of Snake JJ'ork. The mountain-ridge over which we 
passed could not be less than 1,000 or 1,100 feet higher, so that these 
mountains are between 9,000 and 10,000 feet above the sea. The higlJ
est Teton, was measured with the sextant and made to be about 10,000 
feet. All along the margins of the ridges we see a plenty of the blue, 
cherty Carboniferous limeRtone; also, the siliceous rocks which lie 
above, and a great many granitic masses, and also gray micaceous 
slates. We have seen much of the Carboniferous rock along our road 
to-da:Y; also red arenaceous beds, with now and then an erupted ridge. 
The central portions of the mountains are composed entirely of the 
eruptive material. 

"June 19.-\Ve traveled nearly due north twenty miles, down Pierre's 
fork into Pierre's Hole, a beautiful valley, surrounded by mountains, 
about fifteen miles wide and thirty long. On our right is the Teton 
Range, composed entirely of eruptive rocks, with a general inclination 
west or a little north of west. It would seem as though this whole val
ley had been formed by the drainage accumulating in a fissure of the 
upheaval, for the mountains all seem to incline in the same direction. 
The hills are composed in part of a sort of vesicular trachyte, exceed
ingly porous, some of the cavities being an inch in diameter. The 
broad, level prairie is composed, to a large extent, of well-worn rocks, 
basalts, obsidians, granites, &c. . 

" J~tne 20.-We continued our course direcUy north, and soon began to 
ascend low ridges, breaking the level of the prairie. These ridges extend' 



GEOLOGICAL SURVEY OF 'THE 'TERRITORIES. 23 

down from the mountains on each side, and seem to give shape to the 
valleys of the multitude of little streams. We have here and there an 
exposure of the rocks, which are undoubtedly eruptive, and present the 
appearance of stratified deposits. They are arranged in more or less thin 
layers, some of which sound under the ·hammer like clink-stone, and are 
quite compact. Sometimes the breakage-joints, or cleavage, are vertical 
in a single layer, but from their external appearance I would suppose 
the bluffs of vertical rocks were a dark-gray marly limestone, charged 
witL fossils. There is also a good deal of uniformity in its composition, 
tLe only difi'erence being that some of it is more compact than others. 
The erupti,·e material in this valley assumes a Yariety of form; some of 
it has a black, opaque crystalline appearance, like obsidian; then a sort 
of sanustone, easily decomposing, or, as it were, exfoliating; then a sort 
of lava, or slag; then a vesicular trachyte. There are also veins of 
quartz, sometimes ribbon-like, one-fourth of an inch wide. Thegreaterpart 
of these rocks, however, would seem to have been melted or heated under 
comparatively little pressure. These rocks predominate, and, inueed, 
comprise almost the only rocks on the western slope, and therefore it 
may be called a basalt country. Many of these rocks seem to yield very 
readily to the decomposing agencies of the atmosphere, and furnish en
tirely the soil of the valley, wllich is quite black and fertile, sustaiuing 
a luxuriant, growth of vegetation. The streams that issue from the 
mountains are very numerous, the water pure as crystal, auu the val
leys clothed with rank herbage; but the timber, wllich fringes the little 
streams here and there, is very scarce. There are also many beautiful 
springs and lakes. 

"June 20.-We passed up the valley of the Lake Fork anu crossed the 
dividing· crest of the mountains to tbe Madison Fork of the :Missouri. 
High Lills of eruptive rock surround us on every side, with now anu then 
sruall patches of limestone along their sides, inclining at various augles. 
TLere are, also, mica schists, talcose slates, and quartzose limestones often 
underlying the layers of eruptive material, anu conforming to them in 
inclination, which is from 300 to 600, Many of the ridges are 2,000 feet 
or more above us, and are covered with snow. The Low or Raynold's 
Pass is like a lawn-smooth and covered with grass, with a large super
ficial deposit composed of the rocks in the vicinity. It is plain that the 
erodi11g agency of water has had its effect in smoothing this pass, though 
it bas uot formed it. It is undoubtedly due, to a great extent, to a break 
in the continuity of the elevatory force. The mountains here do not 
seem to follow any fixed lines of fracture, or in fixed directions, but to be 
a series of protrusions, forming, in many instances~ a continuous line 
for a grea,t distance; but the irregularity of the outline of the crest is 
due, to a great extent, to the irregularity of the force along the line of 
c~ontinuity, though a small portion may be due to atmospheric agencies. 
The facts above stated are true from the fact that the difi'erent strata of 
sedimentary rocks, which must~ prior to the upheaval of these ridges, 
have covered the surf~we, lie in regular order of sequence outward from 
the ridges. We have every variety of volcanic rocks and metamorphic 
conditions. Washed out of the Madison canon and scattered over tbe 
terraces along that stream are every variety of granitoid rocks, mica 
slates, hornblende, &c. There is every variety of these rocks, depending 
upon the greater or less predominance of some constituent, and dissem
inated through the rock are seams of white quartz. None of the red 
feldspathic roeks which so prevail in the Black Hills are seen in this 
region. Along the rivers is a series of terraces wbich are covered with 
bo\Ylders, sligbtly worn, exbibiting the rock-character of the mountains 
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from which these streams take their rise. As we descend the Madison 
we find that the valley seemR to pass along a sort of anticlinal axis, and 
on each side lofty, nearly yertical walls of trachyte, arranged in tllick 
layen;. The lower vortion appears to yield quite readily to at.mospheric 
agencies, owing to the f~rruginous matter contained, which renders it a 
loosely aggregated mass of crystals of feldspar. As we ascend upward 
the rocks become more compact, and the upper layers are a cellular tra
chyte. In some places the upper compact beds assume a columnar 
structure, breaking into tile form of vertical columns; these break in 
pieces and cover the sides of the llills with masses of rock. Lower 
down on the .Madison we find layers of the red feldspar, which present 
the appearance of stratified beds like the Azoic rocks, witll an inclina
tit)n in the same direction vvith the overlying basaltic rocks. There are 
numerous seams of white quartz, also trap, running across the country 
in every direction, many of whicb indicate the presence of gold- bearing
ro~k. The summits, or crests, of the high mountains are ragged, not 
from erosions since upheaval, but owing to the manner of the upheaval. 
Each peak assumes, to a certain extent, the form of an independent uplift, 
with layers of rock inclining around from every side; and yet it is by a 
series of these peaks connected together, more or less, that a mouutaip_ 
range is formed. vVhereyer these peaks or groups of peaks are separated 
a short distance, a low point is made iu the range, whicll gives pas~mge to 
streams. Very many of these low passesha.veno streams issuing from them 
at tilis t.ime. Tile Madison forms a calion by cutting througil one of these 
lofty ridges at the upper portion of the Burnt Hole, and a second one at 
the lower end of the same valley. Still below the feldspar beds and 
near tbe junction of tile Three Forks of the MissOti.ri we have beds of 
exceedingly slaty character, inclining at angles of 310 and passing down 
into tile granitoid rocks below. 

" In the valleys of tilese streams is a series of marls and marly sands 
and conglomerates, precisel;y like the upper beds of the White River 
Tertiary. These marls are mostly of a tlt>sh-color, sometimes assuming 
the texture of a quartzose sandstone. Its greatest tllickness iu this 
region is about 200 feet, and not conforming to the Carboniferous rocks 
beneath, but inelining in the same direction about so. 

"The Carboniferous rocks are largely developed 'in this region, and 
ineliue at -very large angles from the mountains. The lower part of 
these limestones have been so affected by heat that the stratification has 
been very nearly obliterated, and presents a very rough appearance. 
AboYe this is a bed whieh is undoubtedly Carboniferous limestone 
cllanged, but which now Yer.v mnch resembles basalt, but contains .more 
arenaceous m<ltter, and appears to have had the stratificatiou but partially 
changed. From the 'rllree Forks these limestones extend westward or 
southwestward about twenty to twenty-five miles, and then continued 
northward toward the gate of tlw mountains along the Missouri. They 
also extend to tile northwest to a range of mountains, in which is the 
Blackfoot Pass of Lewis and Clarke. 

"July 3.-Visited the plateau, mentioned by Lewis and Clarke, be
tween the mouths of the Gallatin and 1\'[adison, It is a long flat ridge 
of limestone, representing the portion of the inclined rocks which form 
the left side of the canon below. 

"The rocks on that side incline 24°, continuing far on the distant hills. 
The base of this small ridge is a bluish eherty limestone, sometimes yel
lowish, very eompact or hard, breaki:;:tg into fragments just like the 
Uarboniferous limestones before seen. Dip, 330, This bed corresponds 
with a portion of the right side of the canon next to the water. There are 

' 
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traces of abundant fossils, as broken crinoidal remains and other mollus
ca. It weatheri:) so as to expose upon its sides small flinty masses of chert. 
This bed passes up into a light-gray limestone with drusy cavities, and 
breaking into irregular fragments in the direction of stratification, a 
form of fracture common to the Carbouiferous rocks. The dip of this 
bed is 31o. Obscure traces of fossils are seen. These layers continue 
on up, divided by thin partings; others are solid~ from G to 20 feet in 
thickness. Then comes a bed without distinct lines of stratification, 
often assuming the form of a sort of conglomerate, with masi:)es of lime
stone on an sides, cemented together witil sulphate of lime; dip, 20°. 
Tllere is then a return to t.he former condition of a yellow limestone. 
It is full of dog-tooth spar and seams of crystalline matter. I should 
estimate tile limestone to be about 500 feet in thickness. , 

"On the right side of the Gallatin, and dipping eastward from the 
canon at an angle of 8°, is a bed of yellow-gray sandstone and marl. 
It does not quite eouforrn to the Carboniferous limestone, tilough dipping 
in the same direction. Tile Gallatin Fork, from its mouth to the point 
wilere it issues from the mountains, is about fifty miles, flowing through 
a beautiful valley well friuged with cottonwood trees, mostly bitter cot
tonwood. The upper portion of this valley has been most beautifully 
smootlled by tlJe erosive action of water, leaving a space between the 
base of the mountain-ridges and the upturned edges of the sedimentary 
rocks of twenty or thirty miles which is smooth like a lawn. The Car
boniferous rocks present a series of monoclinals of the most interest
ing character. Underneath them is a series of rocks, which seem to 
represent the Potsdam sandstone. It is the most variable serieR which 
I ha,~e yet seen. In order of descent we have a reddish, rust-colored 
rock, mostly fine grained, compact, quartzose, sHiceous, almost the 
appearance of a metamorphic rock. It is sometimes made up of an 
aggregation of grains of quartz. Beneath is a series of thin strata of 
dark steel-gray micaceous sandstone, sometimes becoming a fine aggre
gatiou of water-worn pebbles and dark-brown clay-slate, gradually 
passing down into what appears to be a true eruptive rock, with verti
cal seams of wllite quartz running through it. I am inclined to think 
that the eruptive rocks have been thrust in between the partings of 
rock, so that we have a bed of eruptive rock, and then a layer of the 
sandstone, and so on alternating. 

"From the Gallatin we passed up one of the little forks emptying 
into that river, over Carboniferous rocks, on to the source of Smith's or 
Kame's River, which empties into the :Missouri below the gate of the 
mountains. Reaching the \icinity of the mountains, we find that the 
basaltic or eruptive rocks prevail to a very large extent over all others. 
On a little brancll flowing into Smith's River Hear its source, we find a 
dark steel-brown bed, 50 feet in thiekness, a fine conglomerate at base, 
hut gradually growing coarse until toward the summit it is composed of 
large angular blocks of mixed gray basalt, aggregated with a reddish 
material. The beds dip northeast 450. The imbedded masses are more 
or less water-worn. This bed seems to continue a long distance, and is 
sometimes vertical; sometimes the pebbles are as much worn as those of 
the little streams; and it seems to me tilat they have been changed since 
deposition, for they now partake much of the color and character of the 
matrix, except t,hat they are much harder. The basaltic rocks along 
our route are developed to an enormous extent, and present every variety 
of texture, that which yields readily to atmospheric agencies predom
inating-. 

'' J~tly G.-Passing along the Smith's River, I saw this series of curious, 
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somber, apparently bm::;altic rocks, whicll, except for their structure and 
color, I woul<l regard as Cretaceous or Tertiary. Tlle whole series is 
arranged in beds of marl, witll more or less compact layers of harder rock, 
which project out the same as in those formations. In tbe~e upper beds 
I found fragments of wood, and in the uppermost beds were fragments of 
leaves, wbich I cannot but regard as of Tertiary age, and tllat the whole 
series of beds h::we been greatly affected by beat so that the lowest beds 
have been entirely changed. Passing up the mountain we foun<l our
selves in a syneliual basin, with the strata dipping at a low angle, those 
at the southP.ast at an angle varying from 300 to 60o, apparently com
prising the different formations from Tertiary to Carboniferous. The 
rocks do not show so many signs of heat as heretofore. Our course has 
been directly north, an<l mostly tllrough Carboniferous rocks, dippiug 
about southeast at an angle of ~oo. There are, iu tbe calion that we passe.d 
through, at least 1,000 feet of limestoue exposed, and as we JeaYe the 
cailon northward we find 200 to 300 feet of red marly limestones, much 
like the red deposits we have before met with, only harder. These roeks 
are peculiar, differing from any before seeu. They pass from a red loose 
slate down into a compact clay-slate, gradually varying from a deep red 
to black thin slates, becoming more and more compact as we descend, 
uutil they appear to be -a melted rock, and tile joints are so close that 
they separate the whole mass into srnaH fragments. The rock does not 
efferYesce at all with sulphuric acid, but is of a very compact texture. 
Iu regartl to the age of tlJese beds I can form no exact idea, uo fossils 
having 'been detected, though frequent sun-cracks are seen upon tbe 
surface of the slates." 

Tbe following paragraph, describing one of the four passes near 
Henry's Lake, is taken from the report of Colonel "\V. F. Raynolds of 
his explorations in 18GO, page 98: 

"''I'he pa~s is only four miles from, and 200 feet abo"e, the lake, and 
so level that it is difficult to locate the exact point at which the waters 
divide. It is about a mile in width, with the sides sloping gently to the 
center. The barometer stood at 23.G5 inches, indicating a beight of 
6~350 feet above the sea-level, or 1,500 feet lower than the summit of tbc 
South Pass. The approaches upon either side are remarkable, being of 
about a nlliform ascent of 50 feet to the mile, and thus affording un
equaled facilities for either wagon-road or railroad purposes. I named 
it J..~ow Pass, and deem it to be one of the most remarkable an<l 
important features of the topography of the Itocky l\lountaius." 

'J'his beautiful pass bas been so carefully described by Colonel Rey
nolds that I gladly record its name on an official map asRcyuolds's Pass; 
the name Low Pass, given it by Colonel Heyuolds, not being sufficiently 
dist.inctive for a geographical name. 

CHAPTER II. 

GALLATIN VALLEY-YELLOWSTONE VALLEY. 

In my annual report for 1871 I gave a brief description of the Gallatin 
Valley; but inasmuch as one division of the survey took Fort Ellis ~ts 
its initial point agaiu in 1872, I shall render the present account more 
clear by presenting a resurnA of the geology of the valley. 

In beauty and fertility the valley of the Gallatin surpasses all others 
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in l\fontana which ha-ve come within the limit of our explorations. The 
town of Bozeman is located near the upper or soutu end, and Fort Ellis 
lies about three miles to the southeast, under the shadow of the mount
ain-ranges that form the water-shed between the l\Hssouri and tile 
Yellowstone. On the east side of tile valley is the Gallat.in Range of 
mountains, which gives origin to numerous branches of the Gallatin 
River on the west side, and many branches of Siliehl's River on the east 
side. On the north si<le of the valley is a series of broken ranges, which 
gi ,-e origin to numbers of branches of the East an<l vVest Gallatin Rivers. 
A ridge or low divide extends down between the Gallatin and ·l\Iadison 
Valleys, and entirely disappears before reaching tile junction of the 
Three Forks. This valley is about forty miles in length from north to 
south, and five to fifteen miles in width. This valley may be regarded 
as typical of the general character of the surface of 1\-Iontana, as well as 
parts of the adjacent Territory which were examined by the survey. Two 
general divisions might be made of the entire surfa-ce, mountain and val
ley. The valleys an<l the portions which are open to settlement are, at 
the present time, occupied to a greater or less extent by thriving farmers, 
with here and there prosperous villages. They are for the most part old 
lake-basins, geologically of comparatively modern date. Along nearly 
all the more important rh·ers, from their sources to their entrance upon 
the plains, there is a chain of these valleys, varying in length from a mile 
to fifty or sixty miles, and connected by a cleft or gorge in the mountains, 
through which the river has worn its way. In all these valleys there is 
a greater or less thickness of deposits, very similar in charactPr, of a 
light-gray or cream color, and composed mostly of clay, lime, an<l silica 
in various proportions. Very few fossils have been found in these de
posits about the sources of the great rivers, but it is most probable that 
the deposits are of the same age in Western Idaho, Oregon, an<l Califor
nia which have yielded large quantities of vertebrate remains. In the 
summer of 1871 I discovered in these lake beds species of Anckitherium 
in the head of the Jefferson Fork, and with it were associated fresh-water 
and land shells. But these beds yield the most beautiful forms of silici
fied wood that are found in any part of the continent. It is sometimes 
called opalized wood, and it was doubtless formed in connection with hot 
springs. It is most probable that during the Pliocene period hot springs 
prevailed to a greater or less extent all over the western portion of our 
continent, and their action may serve to account for many problems 
which now seem obscure. Tbis deposit varies from a few feet iu thick
ness to 1,000 or 1,500 feet, and is usually nearly borizontal, resting 
unconformably upon the older rocks. Not infrequently these beds incline 
5°, indicating slight cbanges in the general level of the surface since 
their deposition. 

Then we have a vast thickness of what m·ay be called coal-strata in 
the West, the age of which seems obscure. They contain the great and 
valuable deposits of coal in the West, and are thus of the utmost im
portance in an economical point of view. This group varies in thickness 
from 1,000 to 5,000 feet, and in some parts of the country may reach the 
thickness of 10,000 feet. The evidence at the present time points to the 
conclusion that tlw lower portions of this group are Oretaceous, passing 
up by gradual transition into the Tertiary, and that the greater portion 
may be regarded as of the age of the later period. Then follow in dA
scending order the Cretaceous, .Jurassic, Carboniferous, and a vast thick
ness of Subcarboniferous strata, most probably of Silurian age. The 
Silurian beds usually repose unconformably on metamorphic strata, com-
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posed of gneissic or granitoid rocks of every possible texture. These 
constitute the nucleus of nearly aH the principal mountain-ranges. 

From the above brief outline it will be ~";een that two divisions of the 
geological scale, Triassic and Devonian, are not represented in Montana, 
so far as we have the e\yi<lence up to the present time. "\Ve may state, 
however, in this connect.ion, that we do not deny the existence of these 
formations in this port1ion of tlw West, only that the rocks have yiel<led 
us no such information as yet. When we reflect that, in countries where 

·the geological formations have been studied for nearly a century by the 
ablest minds under tile most favorable circumstances, they are yielding 
up new and startling facts every year, we cannot hope in a preliminary 
survey of so vast an area to exhaust the discoveries. 

In the great area which comprises what we term the Rocky Mountain 
region, the groups of strata mentioned above appear and disappear 
in a strange manner at times, thus rendering their study more difficult 
and laborious than one might suppose at first sight. 

Sometimes the Carboniferous limestones, with their characteristic 
fossils, appear to rest on the gneissic beds below ; then again tilere will 
be 1,500 to 2,000 feet of Silurian strata intervening. At one locality a 
certain group of metamorphic beds will occur, and at another, a series 
quite distinct in texture. In one locality the red beds will be well de
veloped, reminding one of the possible existence of the Triassic; in 
another locality, not far distant, no trace of these can be found. The 
same may be said of all the groups of strata. One peculiarity of tile 
coal-strata consists in tileir dark somber color, which I have observed 
nowhere else except in this region. 

In order that all the details of the local geology may be more clearly 
set forth, I have continued the same plan iu this report which was 
adopted in the previous ones, of describing the geological features of 
the country as observed along the routes traveled. 

Tile party under my direction left Fort Ellis for the Yellowstone 
Valley July 20. Much scientific work had been done previous to that time, 
but during the present season the deep snows on the mountain-ranges 
woul<l have prevented successful exploration in Montana before the lOth 
of July. The previous winter bad been one of the severest ever known 
in the Territory, and the snow remained until late in the summer. Dur
ing the melting of these winter-snows the streams are so high that 
traveling becomes very difficult. The season of exploration is compara
tively short. 

Our entire outfit hav~ing been completed at Bozeman and Fort Ellis, 
we passed up the grassy valley of Spring Creek, by way of Bozeman 
Pa.ss, to the summit of the divide. Just opposite Fort Ellis, on the ea.st 
side of the creek, is a ridge of gray and grayish-white marly sands and 
sandstones, with nearly horizontal strata jutting up against the older 
rocks. This ridge presents a fine example of the lake-deposits which 
are so common in the valleys a.U over the West. It bas evidently es
caped the erosion which has swept away the greater portion of these 
deposits, and this ridge may now be regarded as a remnant-a monu
ment left to indicate the approximate thickness of the original beds. 
The greatest thickness of these beds in this valley was probably about 
1,500 feet. The summit of this ridge is 800 feet above the valley, and 
its greatest thickness could not have been less than 1,000 feet. The 
evidence is clear that all these valleys were once filled with water, so 
that only the summits of the loftier portions were exposed; that prob
ably, during what geologists term the Quarternary period, these waters 
gradually subsided, sweeping downward, to the lowlands near the main 
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l\Iissouri and the Mississippi, the greater portion of these deposits to 
form the great Yellow Marl or Loess group. That the origin of these 
deposits dates back to the Pliocene period at least, we believe from the 
evidence given by the organic remains; and there is other evidence that 
points to the conclusion tllat these lakes continued up nearly or qmte 
to our present period. The surface is usually covered to a greater or 
less extent with th.e usual drift-deposit of the country, and not unfre
quently the groups of rounded bowlders are so arranged as to indicate 
that no important changes have taken place siuce the waters subsided. 
In the Yellowstone Valley, about two miles above Boteler's ranch, the 
river has exposed a section of the Pliocene beds, (Fig. 1,) which reveals 

Fig. I. 

MODERN LAKE DEPOSITS CAPPED WITH BASALT. TWO niiLES ABOVE BOTELER'S RANCH, 

VALLEY OF THE YELLOWSTONE. 

about 200 feet of light-gray marly sands and sandstone, passing up into 
about 100 feet of pebbly drift, the whole capped with a bed of basalt 
that must have overflowed since the lakes existed in full force. A 
little distance back of the river, extending to the base of the mountains, 
there is evidence in the superficial deposits that, tllis lake continued a 
long time after the overflow of tlJe igneous matter. 

I shall pass rapidly over the geology of the region about the source of 
the Gallatin, referring the reader to the excellent report of Dr. Peale, 
\Tho made a minute examination of Spring Canon, Mystic Lake, and the 
district about. Mount Blackmore. 

In geueral terms, the Gallatin Range is composed of gneissic and quartz
Hie beds as a base, with a great thickness, 1,700 to 1,800 feet, of Lower 
Silurian strata resting unconformably upon tlJem. Above these, and 
apparently conforming, is a tllickness of 1,000 to 2,000 feet of \Veil
marked Carboniferous rocks, mostly limestones, more or less pure; 
then running east"'ard from the Gallatin Valley and inclining at various 
angles in tile same general direction are tlJe Juras~ic, Cretaceous and 
Coal groups, with an aggregate thickness of 10,000 to 15,000 feet. Tllis 
entire group of strata, which compose the Gallatin Range and its foot 
llills, extends nearly to Shiehls's River, a distance of twenty miles in a 
straight line. The Carboniferous limestones, which are very hard and 
yield less readily to atmospheric influences~ form, with their upturned 
edges, the \'ery summit of the Gallatin Range, including Bridger's Peak, 
Union Peak, &c. On the westside of the GallatinRangethefoot-hillsare 
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very abrupt, rising at once to a height of 800 to 1,200 feet, while the 
peaks and the sharp ridges are 2,000 to ~,500 feet above the valley below. 
On tlle east side the hills, composed of the more modern groups, descend 
gradually to the immediate valley of Shields's H,iyer. 

We thus see that this range constitutes the east portion of an anti
clinal, and, so far as we know, a huge monoclinal. We may hereafter 
discover fragments of the west portion. So far as the line of uplift is 
concerned, the Gallatin continued southeastward, crossing the Yellow
stone Ri,'er, forming what we have located on the map as the Lower 
Uafion. The mountains about the sources of the branches of the East 
Gallatin, and those between the East and W t>st Gallatin Rivers, are 
largely composed of the limestones thrown up in great confusion appa
rently, but really all having an m.3lination in the same general direction. 

In my report of last year, I stated that there seemed to be a true anti
clinal extending oYer to the Yellowstone, and that Trail Creek might flow 
in the valley between the two portions, hut the more careful explorations 
of the past season have shown that all the uplifts belong to one side of the 
anticlinal, however chaotic the strata may appear. Thi:s great monoclinal 
is very remarkable. It commences down lJelow the Three Forks, with a 
trend east by south, indicating greater irregularity in form. Sometimes 
the beds are inverted, and the whole series exposed down to the granitic, 
then again all are concealed except t.he coal strata. From Bridger Canon 
to Spring Caiion, a distance of four miles, there is a complete lJreak in the 
range, forming several passes, which are easily traversed with wagon
roads, in which no rocks older than the Coal group are seen. Then in 
Spring Canon the older rocks are again brought to the surface in full 
force. 

The investigations of the present season have shown that what appeared 
to be fra~gments of the western portion of an anticlinal are only frag
ments of the one great mass which haYe been broken off in the uplift 
and now lie scattered around in the \alleys, on tlle foot-hills and mount
ain-sides, in apparent confusion. As I have before remarked, the main 
range of sedimentary lJeds continues east by south, forming tlle high 
divide between the waters of the Gallatin on one side and those of 
Shields's River and the Yellowstone on the other, but cro~ses tlle Yellow
stone, forming the Lower Calion, an<l inclining from the east side of 
the great range of mountains in which the Bowlder, Rosebud, and 
Clark's Fork, with their numerous branches, take their rise. In tlle in
termediate space, sometimes low down in the valley of Trail Creek, and 
sometimes on the mountain-sides, are beds of coal, the strata above and 
below being vertical or horizontal, as the case may be. This region has 
been very carefullsr prospected for coal. Tlle artificial excavations that 
were mad.e threw great light on the position of those fragments, which 
seem to have been broken off and fallen down in the general uplift.. At 
the present time it is only by most carefully following tlle channels of 
the streams as they cut down into the sides of the mountains, or by 
studying the artificial excavations. that we can gain any of the details 
of structure. With the exception of the main ridges of upheaval, the 
strata are mostly concealed by modern superficial deposits, which are 
covered ·with a thick growth of grass. Occasionally, also, these frag
ments crop out from beneath the mountains of trachyte, and volcanic 
breccia, which are so remarkable in this region. As previously stated, 
tile limestone seems to ha\e yiel<led less readily to atmospheric agencies, 
and consequentl.v projects high up above the surrounding bills, and 
forms the leading topographical feature. In tracing it across the coun
try, we may call it a limestone ridge, as it loses the name of Gallatin 
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Range east of the source of the Gallatin River, although the ridge con
tinues on eastward, or south by east, to an unknown di::stance. 

The Carboniferous limestones are always well defined, not only by 
their texture, but from the fact that they always contain fossils charac
teristic of that age in greater or less quantities. In some localities 
strata of considerable thickness are made up of an aggregate of fossils 
in a tine state of preservation. The almost universal distribution of 
these fossils would point to a uniform moderate depth for the waters of 
the Old Carboniferous ocean. 

The Lower Calion is about three miles in length, and the Yellowstone 
has cut its way through the ridge at right angles, so that as complete a 
section of the strata is shown on either side as one could desire. It was 
this limestone ridge that checl~e<l the waters above which formed the 
lake-basin, extending from the Lower Calion to the Second Calion, 
a distance of about thirty miles, and it was undoubtedly the slow wearing
out of the channel or calion through the ridge that gradually drained the 
lake-basins auo,'e. After leaving the Gallatin Range, the older group of 
beds, wllich we have called Lower Silurian, ceases to be as conspicuous. 
The limestones of this group have a much older look, are more compact 
and contain a greater per cent. of silica, are full of cavities lined with 
crystals of quartz, and weather into much more rugged forms. The 
lower portions, instead of bejng composed of clays, shales, sandstone, 
&c., are quartzites or quartzose sandstones, entirely destitute of any 
traces of organic forms. They seem gradually to change their charaeter 
and thin out very much in their eastern extension, so that not more than 
100 or 200 feet in thickness rest upon the gneissic rocks in the Yellow
stone Range east of the Lower Canon. In tlle West Gallatin Canon the 
same change in the Silurian group is observed. 

Above tue calion the Yellowstone Valley expands out to an average 
width of ten miles, and was unuoubtedly one of the old lake-Lasins 
peculiar to the West. From any of the peaks of the Yellowstone H.ange 
on the east side, one may obtain a complete view of the eastern valley, 
aud the landscape tllus presented to the eye is one of great beauty. 
~rhe sides of the valley slope like a dish, so tha L the immediate base 
may be 800 to 1,200 feet above the bed of the river. These slopes are 
grassed over, and to the eye at a distance they appe(lr as smooth as a 
lawn, gradually descending to the river-bottom. They are, howevt•r, 
oftentimes very much cut up by the little mountain-streams that wear 
deep channels through tllem. These channels afford excellent sections 
of the!-e modern deposits. 

On the east side of the Yellowstone River, commencing near the Lower 
Ca:ilon, is one of the most symmetrical and beautiful ranges of mount
ains in Montana. In order that I might obtain a more definite knowl
edge of the structure of this range, I ascended one of the highest 
peaks that overlook the broad plains along the Yellowstone to the 
northeast. Last year I had supposed, from an examination of Emigrant 
Peak and its vicinity, that these mountains were mostly of igneous ori· 
gin, but found, on a more careful examination of the nortlleru por
tion, that the roeks are principally granitic and of the kind characteristic 
of the mountain-ranges generally. Our camp was located on the river
bottom about tlJree miles above the Lower Ca:ilon, and the peak which 
we ascended is situated a little south of east of the ca:ilon. For a dis
tance of four miles we ascended the grassy slope, covered here and there 
very tbickly with rounded bowlders, which greatly impeded traveling 
scattered here and there are isolated hills of limestone, remnants left 
after the erosion of the valley. The sides of these mountains are every-
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where almost yertical, and difficult of ascent, so that we were obliged to 
follow up the rocky bed of a stream for a long distance. Hugh masses of 
gneissic granite blocked our way at eYery step. In some of the canons a 
few bowlders of igneou~:; origin were observed. T4e study of the different 
kinds of rocks along l;he course of any of these mountain-streams usually 
gives one a pretty clear idea of the strnctnreof the mouutain in which they 
have their origin. Tllc first ridge, which is &bout 3,000 feet above the riv
er-bottom, is composed mostly of the metamorphic quartzites. The second 
ridge, wllich is about 500 feet higher, is composed largely of mica
schists and granitoid gneiF's. Tbe limit of the vegetation is about 9,000 
feet, where the small scraggy spruces lie prostrate, and are not more than 
four feet in length. Above these no more tree-vegetation is seen. From 
the summit of this peak, a uroad area is compassed iu the field of \ision. 
Far east aud southeast, along the head-waters of the Stillwater, Big 
Rosebud, and Rock Creek, the. gneissic rocks extend, with their sharp 
ridgelike peaks standing up like piunacles among the perpetual snows. 
For fifty miles in every direction there is a cbaos of mountain-peaks, 
varying in form acconling to the rock-materials of which the,y are com
posed. For grand rugged scenery I know of no portion of the West 
that surpasses this ran.ge. The little streams have cut innumerable 
gorges deep down through the very heart of the mountains, 2,500 to 
0,000 feet in depth, ar:d the exceedingly close texture of the granites 
and quartzites, of which the rocks are mostly composed, has prevented 
the atmospheric forces from wearing off the angularities, so that they 
appear as sharp and angular as if but recently brought to the surface. The 
examples of ribbed or banded gneiss are quite remarkable for their perfec
tion and regularity. The junction of the unchanged beds with the 
metamorphic is remarkably well shown in the gorges on the north side 
of the range. The general inclination of the limestone is about 30o to 
50° northwest. From this high point the ridge of limestone, with 1,200 
to 1,500 feet of outcroppi11g strata, may be wost clearly seen for a dis
tance of twenty or thirty miles east and west, forming a remarkable 
natural ~ection. Extending far to the eastward and opening out into 
the plains, are the gradually descending ridges of the Jurassic, Creta
ceous, and Tertiary beds, presenting an irregular rugged surface depend
ing npon the nature of tile rock-materials of which they are composed. 
The Yellowstone River really emerges into the plains below the junction 
of Shields's River, and thence to the junction of the Yellowstone with the 
l\'Iissouri the Cretaceous and Tertiary formations prevail. On eith€r side 
of the Yello"'stone, at a distance, may be seen isolated small rauges of 
mountains until we pass below the mouth of Tongue River. 

It is most interesting as well as instructive to explore with care 
among the deep gorges which the watery agents ha·ve worn down through 
these lofty mountaiu-ranges. Tile amount of debris or broken rocks 
which one encounters excites surprise. Water and frost are ever at 
work, and have been bu~y for ages in breaking down the sides of the 
gorge and extending it farther hack in the range. vVe discover here the 
sources of the myriads of perpetual streams, which we find in the low
lauds, and which we see meandering through the plaius like the veins in 
the llllman body. Each one of these little streams, toward Its source, 
branches out into numbers of small tributaries like the capillars vessels, 
and each one of these little capillary streams has eaten out its deep 
gorge or canon, which adds to the ruggedness of the mountain-scenery. 
There is in this Yellowstone Range an unlimited field for the artist; 
photographic views of the most startling kind could be obtained with
out num l>er. I am couYinced that this range of mountains, and the 
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valley at its base, will at no distant period be visited by multitudes of 
tounsts, and afford many a subject for correspondence for the secular 
press. 

Glancing at the map, it will be Heen that numerous little streams flow 
down from the base of the mountains and empty their waters into the 
Yellowstone. Each one of these streams in the mountains spreads out 
into a great number of branches five to twenty miles in length. It is 
to these little streams that we are indebted for the inner history of these 
grand mountains. vVe may say in general terms that the nucleus of 
the Yellowstone Range is composed of granitic rocks, and that the 
greater portion is made up of these, while far to the south and 
southeast the summits are covered to a greater or less extent with -vol
canic rocks. The greater portion of Emigrant Peak is made up of 'VOl
canic material. There is no doubt that at some prior period the volcanic 
rocks and breccia or conglomerate extended over a much larger: area 
and with a greater thickness than at the present time. l\1any of the 
high, bald, rounded granite mountains bear all over them the marks of 
terrific erosion. 

In the report for 1871, I described somewhat briefly the interest
ing lake-basin which now forms the valley of the Yellowstone be
tween the First and Second Canons. At the risk of some repeti
tion, I may be permitted to take this as the type of these lake-basins, 
and describe it somewhat in detail, although each one bas some features 
not common to the rest. It seems to me, however, that they must all 
have one common origin, whateYer that may be. Many of the basins 
have been formed by erosion, but not altogether so. Although the lake
basin which we are now describing is largely due to the action of the 
erosive forces, yet I am of the opinion that its outline was marked out in 
tbe process of upbeava1. On the east side is the remarkable range of 
mountains which I haYe calle.U the Yellowstone, constituting the nucleus 
or central portion of a distinct anticlinal; while on the opposite or west 
side there is a chaotic mass of volcanic peaks and ridges, which have no 
necessary connection with the Yellowstone Range. At tlle lower end 
of the valley, however, are a number of isolated bills of limestone, with 
strata inclining in the same direction with the main ridge, which forms 
the canon below, and these can easily be traced across the Yallcy as 
remnantR of what were once high ridges extending directly across. 
Other remnants may be observed fartber up the valley, which seem to 
convey a pretty clear conception of the immensity of the 01 o~i ve action 
in the past. In noticing this lake-basin as typical of a series or system 
of lakes in the "\Vest, I do not refer to those great lake-basins of the 
earlier Tertiary period, in which were entombed such yast nnm bers of 
animal remains in Wyoming, Nebraska, &c. Those which I am now 
describing belong to a type of more modern date, which probably com
menced in the Pliocene period, and extended up very nearly to our pres
ent era. 

We shall not go back beyond the time of the existence of this 
lake- basin aud endeavor to indicate the condition of the surface or 
the climate at that time, but simply remark that we belieYe that all 
these valley~ were the reservoirs for the accumulated waters from the 
drainage of the mountains in the vicinity. When they were full, so as 
to o\erflow the barriers which were raised in the uplifting of the mount
ain-ranges, the waters, following the law of gravitation, gra(lually wore 
a channel through these barriers, as, for example, at tbe Lower Canon, 
where they have carved out a channel 800 to 1,000 feet deep, directly 
through the massive limestone, at rigllt angles to the direction of uplift. 

3 G S 
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The process of wearing out this channel for three miles in length 
through snch a thickness of hard limestone must have required ages, 
sufficient for tile waters of the lake to have deposited 1,000 to 1,500 feet 
of sediment, and, as the channel was cut down and the basin drained, 
a portion of the sediment would be swept down the river. Vve have 
now t.he evidence that the \Vaters of the lake mu~t ha\e reached high 
up on the sides of the mountains, entering far up the open side-valleys, 
in some cases nearly up to the divide or water-shed. The line of demar
cation between the modern deposits as they jut up against the mount
ain-sid?s, and the natural (Ubris of the mountains themselves, is quite 
distinct, aud is even shown by the vegetation. "\Vhen we reflect th~Lt 
the pro<ltl.ctiveness, as well as tile possible settlement of these mountain
regions, is due to the former existence of these lakes, we shall at once 
understand their importance, and their history will become invested 
with a greater interest. It is onl.v in these valleys that farming-lands 
can be found. The sediments which were accumulated in the bottoms 
of the lakes were derived from tp-e destruction of a great variety of 
rocks, so that the mixture is most remarkable for its fertility. The 
metamorphic and igneous rocks, and the limestones of the Silurian and 
Carboniferous epochs have all contributed to them. As the lakes were 
drained slowly away, the bottoms were worn out and smoothed as we 
see them now. Here and there we find that these superficial deposits 
have been stripped off, so as to expose remnants. of the old formations 
which constituted the original skeleton. Patches of limestone are 
observed here and there, enougll to indicate something in regard to the 
former history of this surf<:liCe, or skeleton, as it might be called. 

Although this valley was originally largely due to erosion no doubt, 
yet it was not altogether so. It was not a ehasm or a fissure in which 
tlle waters gained a foothold for their operations, as was the case with 
ma11y of the -valleys. The main feature of the mountain-range, as we 
see it now on the east side of the Yellowstone River, never crossed t{) 
the west side7 but formed the east shore of the lake. That the valley 
was greatly enlarged by the wearing away of the sides of the mount
ains by the waters of the lake, tltere is little room to doubt. On the 
west side of the valley the mountains rise up 9,000 and 10,000 feet above 
the Rea-level, but are mostly volcanic and most probably conceal a vast 
thickness of sedimentary beds. The igneous rocks seem to have issued 
from numerous fissures, aud to have spread over the surface to an enor
mous thickness. But the rocks which prevail over all the rest are those 
which have been formed out of fragments, dust, ashes, &c., which must 
have been thrown out of the numberless volcanic craters into the sur
rounding waters, and been afterward deposited as sedimentary beds. 
The massive basalts or t.rachytes may be considered the exception, 
while we find 2,000 to 4,000 feet in thickness, of volcanic breccia or 
conglomerate, reaching to the very summits of the highest mountains, 
and presenting a well-marked horizontal stratification. Materials of 
almost every variety of color, with a peculiar somber hue, are found. 
Immense masses have. fallen <lown into the valley from the mountain
sides, composed of fragments of trachyte of every possible texture and 
color. Sometimes these fragments are very coarse, several feet in diam
eter, and again they are small, like pudding-stones. Sometimes they 
are angular as if tlley had not beeu subject to erosion in water, and 
again they are much rounded.. The cement is also more or less tine 
volcanic material, partly, perhaps, the dust and ashes thrown out of the 
volcanic fissures, and partly tile eroded materials from the rounded 
fragments. In the stratified beds there is also a great variet,y of mate-
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rials. The conglomerates prevail, but there will be found interstratified 
seams or local beds of several feet in thickness, of a fine white-yellow 
or brick-red volcanic dust and ashes, so that when these beds are 
eroded the surface around presents the appearance of the ground 
about an old furna~e. I know of no district where there is a better 
opportunity to study the great varieties of volcanic action in past 
geological times than in the range of mountains which separates the 
Gallatin Valley from the Yellowstone. On the west side of the valley, 
from the Lower Canon to the Second Canon, a distance of at least thirty 
miles, the indications of ancient volcanic action are most remarkable 
and varied in their character. The erosive forces have cut deep canons 
into the sides of these mountains, 2,500 to 3,000 feet through the con
glomerates, and have worn the portions remaining into the most won
derful architectural forms. Domes, pyramids, pinnacles, palaces, 
indeed almost any form which one could conceive, can be seen here. 
One gorge was called the Palace Canon on account of the symmetrical 
palace-like forms which could be seen everywhere. The sides of these 
gorges are vertical walls, inaccessible, except in a few localities, to man 
or beast. One can stand in the bed of a little stream and look up the 
vertical walls on eitller side 2,500 or 3,000 feet. Such gorges as these. 
extending from five to twenty miles oftentimes, are very numerous. 
Literally hundreds of them may be found in these ranges extenuing up 
to the very crest or water-divide, canTed out of tile solid mass of con
glomerate or tra~hyte. There is certainly no limit to the remarkable 
scenery which the artist could select in this prolific field. 

Cropping out here and there in the bottom of these deep gorges may be 
seen the older sedimentary strata, as the Ca.rboniferous limestone8, and 
even those of later date, as tile Jurassic, Oreta~eous, or Tertiary. The 
general dip of the unchanged strata is about northeast, and in the valley 
of Trail Creek the sandstones and clays of the Brown-Coal period may 
be seen passing beneath the huge mountains of volcanic couglomcrate. 
Farther south and west the limestones appear, and the metamorphic 
rocks are not seen to any extent until we enter the West Gallatin 
Canon. j'Ve are thus enabled to gain a pretty clear idea of the original 
shape of this valley, that it was really marked out in the process of 
upheaval. I will remark here that I slla1l attempt to show hereafter 
that the streams~ in coming out of their channels, did not follow any 
preformed chasms or fissures, but quite the reverse. 1\iost of the canons 
were formed by the streams cutting their way directly through the 
ridges, at right angles to the axis of upheayal. 

As I haye previously remarked, the granitic rocks are mostly confined 
to the main ridge of mountains on the east side of the valley, but in the 
valleys of the smaHer streams that flow into the Yellowstone from the 
west side just below the Second Canon, as Rock Creek and Canon Creek, 
the metamorphic rocks are la.rgely exposed. The Second Canon is com
posed of metamorphic rocks entirely. Scattered over the surface of the 
valley below are many huge bowlders of granite, which coHld not have 
been transported to their present position by any forces now in operation. 
It is quite evident that all the forces, whate\er they may have been, 
operated from above down the vaUey. Upon the foot-hills, and in one 
instance on the top of the basaltic floor, several hundred feet abo,Te the 
present bed of the river, are huge rounded bowlders, 25 to 50 feet in 
diameter, which must have been transported either from the canons of 
those little streams above mentioned or from the Second Canon, a dis
tance of ten to fifteen miles. I know of no power except the combined 
action of water and ice that could have brought about these results. A 
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very large portion of the foot-hills and terraces, as well as the immediate 
bottom of the river, is literally paved with rounded bowlders, so much 
so as to render almost worthless, except for grazing, much land which 
would otherwise be excellent ior farming. Along the ·bottoms also are 
old river-beds 50 to 100 feet above the present bed. These old channels 
are covered thickly with the rounde<l uowlders, and walls. of them are 
piled up on either siue. These are results of very modern uate. They 
must represent the latest period of the draining of the lake-basins. We 
b(';lieve that the temperature was much lower than at present; that the 
surrounding mountains that form the drainage into these lakes \Vere 
covered with vast masses of snow and ice which, at certain seasons of 
the year, became d~tached and floated down in the form of huge icebergs. 
All these forces may have been in action from the sources of the Yellow
stone and J\fissouri down to the plains below, and thus the huge icebergs, 
loaded with immense quantities of bowlders, floated over the valleys, 
dropping their contents here and there, as we find them at the present 
time. J\fost of the bowlders in this valley could have been moved along 
by the action of swift torrents of water alone, out not even the strongest 
mountain-torrent of wllich we have any kuowledge now could have 
moved great numbers of the huge granitic rocks which we fi.u<l high up 
on tbe foot-hills or terraces, at least ten or fifteen miles from their origiual 
position. No forces now in operation, even if we were to suppose that the 
melting of the spring-snows would raise the river so as to O\rerflow all 
the lowlands, could have trausported these bmdders. As it is, they 
coYer an area several miles in width, quite above the reach of the riYer
waters at their highest stage. 

Another point I may allude to bere again in this connection, and that 
is tbe more modern outflow of basalt wbich i~ seen in several localities 
in the valley. It is probable that the uasalt spread all over the valley 
at one time in the form of a cap, and that it has been swept away iu the 
process of erosion. On the west side, about two miles below Boteler's 
rancb, tllere is an extensive remnant of this basalt cap, wbich has been 
so smoothed by the passage of ice over it that the surface is glazed. 
Tllere are also numerous small grooves or scratches. TheJ'm·face is 
covered thickly with rounded granite bowlders, but one of them was 
worthy of special note from its size, wbich mea~ured 12 feet in height 
and 20 feet in diameter. It is perfectly massive, composed of a coarse 
aggregate of quartz, feldspar, with small bits of mica. The basalt bas 
a tendency to break into imperfect pentagonal columns. Uuderneath 
it are 100 to 200 feet of what I lutve called Pliocene deposits, but 
they are composed very largely of rounded pebbles and bowlders, with 
light-gray marly clay. On the east side of the Yellon'stone, about two 
miles above the ranch, the l'ive1' has cut a verti~al section tllrough tile 
marly clays and sandstones 100 feet or more, with 50 to 80 feet of loose 
drift bowlders and pebbles, the whole capped witll 20 to 30 feet of basalt. 
This outflow of igueons matter was among the latest events. Nearly all 
tlw lake-basins have this basaltic cap to a greater or less extent, aud th(~ 
endence indicates that the outflow was synchronous. In the Suake 
l{iver Basin this cap covers an area of fifty to eighty miles in widtll and 
several hundred miles in length, and quite large streams sink ueneath 
it and flow into Snake Hiver. The geological relations of this cap or bed 
of basalt are about the same wherever it occurs, pointing to a commeu 
cause as well a~ time. 

I believe that it occurred before the waters subsided, so that we may 
trace a portion of its history at least. The lake·deposits are certainly of 
very moderate date, at least as late, and perhaps later, than Pliocene. 
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Upon this rests a huge bed of drift, which was deposited still later, and 
then comes the outflow of basalt before the waters subsided, as is shown 
by the texture ·of the rocks, as well as the superficial deposits O\er it; 
then the waters were drained slowly away, sweeping with them most of 
the basalt, with the exception of here and there a remnant, and also most 
of the deposits beneath, thus giving shape to the valley. All these m·ents 
must have take11 place subsequent to the completion of the general out· 
line of the country by the upheaval of the mountains. It is probable, 
also, that during this period, and probauly throughout the greater por
tion of the Tertiary period; bot springs were very abundant everywhere, 
and it is doubtless due to these that the organic remains found in these 
deposits have been preserved in such a· high state of perfection and 

. beauty. The silicified or opalized wood, we believe, indicates the 
presence of these spri11gs. There are a few warm or moderately hot 
springs in this valley at the present time. 

As an iliustration of the Yolcanic action in this valley, the reader is 
referred to Fig. 2, wllich was sketched by Mr. Holmes, alwut two miles 

Fig. z. 

TRACHYTE DIKE AND COLUMNS OF BRRCCIA1 YELLOWSTONE VALLEY. 

above Boteler's ranch on the west side of the Yellowstone Va11ey. The 
long, wall-like mass that extends down from tlle side of the bill is a 
dike of tracllyte, while on either side are tlle tufas and breccias, wl.lich 
have been weathered into columns of varied forms. This may also repre
sent one of the numerous fissures or oblong craters from wl.lich much of 
the volcanic material was ejected. ]'ig. 3 shows quite cleal'ly the 
stratified character of the tufas and breccias. This illustration was 
taken about a mile above Fig. 2, on the same side of tile Yellowsto11e. 
The entire mass i'3 most curiously variegated in color, from an ashen
eream color to deep purple. Tllis series of gray volcanic ashes alter
nates with more or less coarse strata of breccias, the fragments cemented 
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with the tufas. In Fig. 3 we see a curious instance of a sort of uncon
formabilitj', showing, probably, the periods of deposition. The under-

Fig, 3· 

VOLCANIC TUFFS AND BRECCIA, YELLOWSTONE VALLEY. 

J ying portion bad been worn into a conical shape by the waters of the 
lake prior to the deposition of the slanting mass. In the back-ground 
there is a lofty range of volcanic breccia or conglomerates, rising 3,000 
feet above the valley. 

We will now take our leave of this beautiful valley and proceed up 
the river through the Second Calion. We may hastily notice the char
acter of the rocks on either side. 'rhe divide between the Yellowstone 
and the Gallatin is quite sharp and narrow, the numerous little streams 
cutting deep channels down from the crest to the river. The divide 
itself is formed entirely of the volcanic conglomerate, weathered into 
the most singular architectural forms. West of the canon, at t.he head 
of Canon and Rock Creeks, this conglomerate is at least 1,000 feet 
thick, horizontally stratified, and worn into hundreds of pinnacles or 
Gothic columns. (See Fig. 4.) These conglomerates extend down the 
ridges between the little streams for several miles, while the gorges are 
cleft deep down to the metamorphic rocks. The canon itself, on either side, 
is composed entirely of gneissic strata. Silicified wood is found in these 
conglomerates in great quantities, and sometimes huge logR and stumps 
are exposed in a vertical position in the walls. Near the head of Calion 
Creek. I saw the stump of a tree which must have been at least thirteen 
or fourteen feet in diameter originally. It was firmly inclosed in the 
breccia. The question arises in tile mind, Whence originated this vast 
deposit of breccia or conglomerate, and what were tile physical condi
tions under which the materials were deposited~ As to their origin, we 
must conclude that tbey were thrown out by volcanoes, into the sur
rounding waters much as similar materials are ejected from modern 
volcanoes at the present time. We find, however, that these breccias 
are of immense thickness, sometimes 4,000 to 5,000 feet, as at the 
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sources of the East Fork and in the mountains at the head of the Upper 
Yellowstone above tlJe lake. Some of the highest mountains in the 
Northwest are capped ""ith these volcanic breceias arranged in horizon
tal strata, and showing most clearly tllat the agent was water. In 
almost all cases tllese stratified. breccias are perfectly horizontal from 
base to summit, thereby indicating the probability that tllere has been 
no important movement of the earth's crust since their deposition. \Ve 

Fig. 4. 

VOLCANIC BRECCIA AT THE HEAD OF CANON AND ROCK CREEKS, 

must conclude, then, that at a comparatively modern date the waters so 
covered these mountain-ranges of the Northwest that not even the sum
mits of the loftiest peaks wel'e aboYe the surface. It is barely possible 
that we might make an ~xception in the case of the Grand Tetons. \Ve 
may suppose that the materials were supplied from the numberless vol
canic fissures in unlimited quantities in a comparatively hrief space of 
time; but the period which would be required for the waters to arrange 



40 GEOLOGICAL SURVEY OF THE TERRITORIES. 

this matter in the remarkably uniform and compact series of strata which 
we find at tlw present time must have been great. The results have 
been carried on upon such a stupendous scale that the mind finds with 
difficulty tbe courage to grapple with them or attempt to explain them. 
And then, subsequent to the deposition of these enormous beds of con
glomerates, has been the wearing-out of canons and valleys 2,000 to 
4,000 feet in depth, the sculpturing of some of the most marvelously 
grand and unique scenery on the continent. In passing up the valley 
of the Upper Yellowstone, which is about three miles wide and has been 
carved out of this bard breccia, one could easily imagine himself in 
some enchanted land, where, on every side, were castles and palaces 
without number. 

We may, therefore, conclude tlJat aU the surface-phenomena we find 
here at the present time are only the insignificant remnants of t.he past; 
that the lakes, streams, bot springs, &c., are only the dim departing 
evidence~ of a series of events which once were performed here on a scale 
that almost baffles human conception. The Second Canon is formed by 
the passage of the Yellowstone River between lofty walls of gneiss. 
On the east side is Dome Mountain, a vast rounded mass of granite 
rising 2,500 feet above the river flowing at its base. On the west side 
are two or three rounded, naked, granite peaks, 1,500 to 2,000 feet 
above the river, but less conspicuous. The summits and sides of these 
granitic mountains show most distinctly the effects of glacial action. 
The surfaces in many places are smooth as glass, and glazed as it were, and 
lying about loose are great numbers of rounded bowlders. The forces 
that st.ripped off the thick covering of volcanic conglomerates left their 
traces on the harder rocks below. To the westward the gneissic rocks 
soon pass out of sight beneath the volcanic conglomerates. I shall 
attempt to show in a subsequent chapter oLthis report that the gneissic 
rocks of this canon arc only a portion of the nucleus of the great range 
which extends across the country toward the northwest to an unknown 
distance. The mountains on either 8ide may be said, in the main 
to be composed of granitoid rocks as nuclei, with almost numberless 
outflows of igneous matter. Although this statement would indicate 
that the geological features were remarkably simple, yet the rounded 
forms which these igneous rocks assume, and the chaotic condition of 
the surrounding rocks produced by these volcanic movements, renders 
the unraveling of the structure quite difficult in its details. In the 
present report I cannot do more than present a general view of the 
geology of the Yellowstone Valley, referring t.he reader to the report 
of 1871 for more detailed information. 

The next point of importance is the Cinnabar Mountain and the so
called Devil's Slide. vVe were enabled the past season to make a more 
careful examination of this interesting locality, and the sketch taken on 
the spot by Mr. Holmes is very expressive and accurate. (Fig. 5.) Cin
nabar }lountain comprises a group of nearly vertical beds, rising at one 
point 2,000 feet above the Yellowstone. The ridge, or mountain, as it 
may be called, is about one mile in length, and in this distance are ex
posed probably 10,000 feet of strata from the metamorphic quartzites 
to the coal strata inclusive. The hard rocky strata stand up on the 
sides of the mountain like high walls, while the intervening softer beds 
haYe been washed away; the direction of inclination southwest trends 
about northwest and southeast. The following section i~ given somewhat 
iu. detail. It commences with tbe well-marked Cretaceous shaly clays, 
which are probably :Middle or I_jower Cr~taceous. 
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1. Dark-brown shaly clay, with thin layers of brown sandstone. With 
geodes of calc-spar. The whole gradually passing to a slaty shale. 
500 feet. 

2. A bed of broken sandstone, 
fine-grained, frequently ris
ing above the surface. 4 
feet. 

3. Dark slaty shale. 30 feet. 
4. A somber brown quartzose 

sandstone projecting up on 
the side of the mountain 
like a wall. 50 to 80 feet. 

5. Dark-brown shale, with three 
layers of sandstone, 4 to 10 
feet thick. Toward the sum
mit of the bill or mountain, 
which is 700 to 1,:300 feet 
above the base, tbe sand- ~ 
stones project up with very ~ 
rugged, irregular edges. ~ 
The rock is very compact, ~ 
chalky, fr·acturing easily. < 

300 feet. ~ 
G. A rusty-brown mud-quartzite. ~ 

Inclination, 750, 100 feet. : 
7. Interval of softer brown mud- ~ 

shale. 500 feet. ~ 
8. Brown sandstone, rising np ~ 

in a high walllOO feet. Be- ,.., "'.1 
low it are some thin beds ~ riti. 
of sandstone, one of wbicll, ~ 1 

01 

2 feet thick, is made up of ; 
small pebbles, cemented g 
with sand. 30 feet; dip, 800, ~ 

9. Interval of brown, arenaceous, z 
shaly, laminated sandstone. ~ 

10. High wall of brown sandRtone, ~ 
with huge, concretion~, ir- ~ 
regular bedding, with fine :~ 
illustrations of wave-mark- ~ 
ings. 20 feet. a 

11. Low interval of soft material, !'l 

black shale or slate. 300 
feet. 

12. High wall of rusty-brown 
quartzite, so bard and brit
tle and broken by jointage 
as to appear metamorphic. 
20 feet; dip, 700. 

13. Three or four thin beds of 
quartzite, ragged edges 
standing up 5 to 30 feet 
above the surface, with 
softer clays intervening. 
100 feet. 

14. Grassyinterval,probablyslaty 
clay. 75 feet. 
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15. High wall of quartzite, rising at one point 150 feet, with intervals 
of red banded shale. 100 feet. 

16. Three beds of quartzite, with slaty intervals. 200 feet. 
17. Bluish-green shale, full of Jurassic fossils. 150 feet. 
18. Dike of trachyte 50 feet wide. Inclines 70o. Shown in Fig. at c. 
19. Black slate, metamorphosed when it is in contact with the dike-ma

terial. 200 feet. 
20. A huge wall of brown arenaceous limestone. 80 feet. 
~1. Yellow aud red banded arenaceous clay, giving name to the mount

ain by its bright-red color. 75 feet. 
22. Several beds of arenaceous limestone, with partipgs of clay, very 

thin; some of it with a reddish tinge ; carboniferous fossils.· 
500 feet. 

23. Massive limestone, extending down to the metamorphic quartzites, 
on which it rests unconformably. 1,500 to 2,000 feet. 

The fossils from bed 17 are enumerated in the catalogue by Mr. Meek. 
The lower portion of the limestone of bed No. 23 is~.full of geode cavi

ties, lined with crystals of calc-spar. The rock is very bard, compact, 
brittle, easily fracturing into small angular fragments, the whole mass 
resisting tbe atmo~phere quite successfully. 'rhe greater portion of 
this limestone is, most probably, of Carboniferous age; but I have n0 
doubt that the lowe~t part is Lower Silurian, though it differs much in 
texture and general appearance from the Silurian strata in the Gallatin 
Valley. The exact line of separation between the Silurian and Carbon
iferous is difficult to determine. The partial metamorphosis of the 
lower limestones has rendered this more obscure. The dike, as shown 
in the Fig. at c, is the most remarkable feature in this section. It may 
be regarded as the line of separation between the Carboniferous and 
Jurassic strata. The dark Carboniferous shales ba;ve been changed into 
slates on either side of the dike, and portions of the slate are attached 
to the mass which now rises above the side of the mountain. At the 
lower part of the mountain the igneous matter seems to have been thrust 
up between the strata and to have fillRd the cavities like a mold, but 
toward the top it bas apparently cut across the layers slightly, producing 
some singular faults. 

Continuing eastward beyond the Cretaceous clays as noted in the sec
tion~ we finct a vast series of arenaceous clays, sandstones, quartzites, 
arenaceous limestones, with beds of lignitic clay, and good coal 6 or 8 
feet thick. I estimated the thickness of this Coal group at 2,000 to 
3,000 feet, and this estimate may be too low. There is much confusion 
in the position of the beds, some of them inclining 450 to 500 for aJit
tle distance, and then suddenly becoming almost horizontal, inclining 
5° to 10°. Yet there seemed to be no want of conformity. There is a 
kind of irregular synclinal here, by which the Coal group bas been 
crushed together in such a way as to produce chaos, so far as position 
is concerned. 

From the Cinnabar Mountain the beds seem to incline almost south
west, while from the high mountains between the Gallatin and Yel
lowstone the internal forces seem to have operated in an opposite 

· direction. Thus, within the space of six or eight miles, extending 
from the summit of Electric Peak to the Yellowstone River, we have 
the full series of sedimentary rocks from the Silurian to the limits of 
the Coal strata inclusive, forming a synclinal. The Cretaceous bed~7 
which are noted as the black shales in the section, may be seen high up 
on the sides of the mountain, dipping about northeast at an angle of 
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25o, while the limestones form the entire upper portion of a peak which 
rises to a height of over J 0,000 feet above tide-water. It is probable 
that a portion of this Coal group is of Cretaceous age, but I also believe 
that the beds pass up into the Tertiary period, as we finu them in other 
portions of the West. Ammonites and baculites and other Cretaceous 
shells were found below the coal in a fine state of preservation, but no 
plants or other fossils were found above. On the east side of the Yel
lowstone the more modern beds, probably Tertiary, are largely shown, 
inclining in such a way as to indicate that the Yellowstone bad made 
its way, for a few miles here, through an anticlinal fissure. Opposite 
the llot Springs on Gardiner's R.iver, there is a vertical wall of Creta
ceous and Tertiary strata., exposing 1,500feet or more in thickness. Coal
beds oceur here also. All the way to Tower Falls, or the foot of the 
GrandCanon,fragmentsof the sedimentary group occur of greater or less 
extent. They crop out from under mountains of volcanic conglomerate 
and basalt. The evidence becomes stronger every year of exploration 
that the erosive forces Lave acted on a more stupendous scale than I 
have ever conceived or expressed in any of my former rPports; that the 
entire series of sedimentary strata., from the lowest Sihuian to the high
est Tertiary known in the West, has extended in an unbroken mass all 
over the Northwest; and we finu here and there by the exposure of the 
entire series, as at Cinnabar Mountain, and in mauy other localities, the 
most satisfactory proof of the statement which I have so often made. 
This single statement implies that from 10,000 to 15,000 feet in thickness 
of unchanged rocks have been removed from t.his mountain-region, except 
what might be called remnants left behind, occupying restricted areas. 
Of course, the older the g-roup the larger the area over which it has es
caped erosion. The hard and compact limestones of the Carboniferous 
and Silurian ages are found to a greater or less extent all over the North
west. They yield much less readily than the more modern beds, and 
are consequently found on the summits of some of the highest mountains, 
10,000 and 12,000 feet above the sea. Indeed, these isolated patches of 
all the formations which occur here and then•. render it; necessary to ex
plore the country with much detail, in order to prepare a geological map 
in colors with any degree of accuracy. These isolated fragments are 
liable to be met with in the most unexpected places-on the tops of 
mountains, or cropping out of the sides of canons or ravines. Around 
the sources of Gardiner's River and Tower Creek, the mountains and 
bills appear to be entirely of volcanic origin at a distance, and many 
of them are ; but underneath the vast volcanic mass, is a series of the 
grayish-brown beds of the Coal group, so that many of the lower hills 
from which the volcanic material bas been denuded are covered with an 
indurated calcareous clay, filled with deciduous leaves in an excellent 
state of preservation. Farther down these streams, toward their junc
tion with the Yellowstone, outcroppingsof the true Cretaceous, Jurassic, 
and Carboniferous occur here and tbere. To what extent these trachytes 
and volcanic conglomerates covered the surface at one time, it is hardly 
possible to determine, but there is evidence that they must have ex
tended in an unbroken mass over a very large area. 

The question continually arises in the mind, At what time in geologi
cal histol'y did t.his period of intense volcanic activity occur~ Evidences 
of greater or less igneous action are found in rocks of all ages, from tbe 
lowest metamorphic up to the present time, but there seems to have 
been, as it were, a culmination of the volcanic forces some time during- the 
later CPertiary period. It may be that the accumulated forces, which had 
been since the Cretaceous era gathering in the interior of the earth, 
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and had gradually elevated the western portion of the continent t0 its 
present position, obtained vent at ·this time, and exhausted themselves, 
leaving behind them stupendous monuments of their power. I am now 
inclined to believe that when our western country is more thoroughly 
explored by competent geologists, it will be found that the area covered 
with volcanic rocks is far greater than we have hitherto suspected. 
Like the more modern Tertiary beds, the basalts and conglomerates of 
volcanic origin have been subjected to terrific erosion, and only a por
tion of their wonderful magnitude is left behind. 

So far as my own explorations have extended, tile main portion of the 
volcanic material of the vV est ha~ been thrown out at a comparatively 
modern date. Among the Cretaceous and coal-bearing groups are irreg
ular interstratified beds of basalt, but the great mass of trachyte, basalt, 
and volcanic conglomerates seems to have been erupted since the surface 
attained pretty nearly its present configuration. The conglomerates, 
although in some instances reaching a thickness of 3,000 feet at least, 
do not seem t) have been disturbed to any great extent since their de
position. The position of the trachytes, which have overflowed the 
mountain ranges, indicates that they could not have been very ancient, 
perl:1aps not older than later Miocene or early Pliocene, while the true 
basalts arc extremely modern, approaching closely to our present era. 
In the report of last year I described the modern basaltic outflows on 
both sides of the Yellowstone, above and below the junction of the 
East Fork. On the sides of the granitic mountains, at different eleva 
tious, the black igneous outflows can be seen, looking like hot spring-de
posits, were it not for their dark color. The liquid material seems to have 
oozed out from fissures in the metamorphic rocks in numerous places. 
These Lmsalts fracture readily into small fragments, and the debris re
semble a pile of dull anthracite coal. These very modern basalts seem 
also to have oozed up through the fissures in the Cretaceous and Ter
tiary beds, as shown on the east side of the Yellowstone opposite the 
mouth of Gardiner's River. Here the outcropping edges of several hun
dred feet of strata are sllown for some miles, spotted with the patches of 
the black debris, from the breaking in pieces of the basalt that had 
flowed out at different points. We ma;y, therefore, conclude that this 
period of intense -volcanic activity probably commenced somewhere dur
ing the later Miocene or early Pliocene epoch, reached its greatest 
power, and then slowly declined, the hot springs and geysers of the 
present time being the faint departing remnants of these once terrific 
forces. 

CHAPTER III. 

I?RO:l\1 EAST FORK TO THE 1\'IINING DISTRICT ON CLARK'S 
FORK AND RETURN-YELLOvVSTONE VALLEY AND HOT 
SPRINGS-GEYSER BASINS AND MADISON RIVER. 

On the 1st day of August I started from the forks of the East Fork 
for the Ulark's Fork. mines, in company with lVIr. William Blackmore, 
and Mr. Holmes, artist of the survey. The camp was stationed down 
below the bridge in a sheltered valley, where the animals would be 
secure from danger and get a good supply of food. This trip was to 
take us over new ground that had been omitted in our explorations of 
last year. Our course was up the valley of the middle branch, past Soda 
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Butte, which was described last year. (Fig. 6.) I will, however, call to 
mind here the remark in the preceding chapter in regard to tlle outcrop
ping of limestones of Carboniferous age in mo:st unexpected places. 
On the east side of the East Fork the granite rocks seem to have pre
vailed. On the summits were some trachytes or conglomerates, but be
fore reaching the forks of the East Fork, the high mountainR are com
posPd mostly of toe conglomerate, while at the very base, the limestones 
crop out 50 to 100 feet thick. Soua Butte is located about the midcl 1

" 

of the valley, 
aml is an ex
tinct geyser. 
(Fig. 7.) The 
materials of tlle 
mound are· 
mostly calcare
ous, and show· 
clearly that 
these lime
stones run un
der the \·alley, ~ 
and that the ~ 
waters of the Q 
geysers arose to n 
h f ~ t e sur . ace ~ 

through them, _E'j 

dissolvingmore ~ 
or less lime in ~ "'j 

the passage up- ~ cfQ' 
ward. ~ ?' 

As we ascenu ~ 
this valley, we ~ 
soon find our- ~ 
selves hemmed s 
in on either side ~ 
by walls of vol- ~ 
can i c b r e c c i a ~ 
2,000 to 3,000 
fet·t in height. 
The n pper por
tions haYe been 
weathered into 
the most re
markable and 
attractiYe pyra
rui(hll anti cas
tellated forms. 
Indeed, all 
these volcanic conglomerates have a tendency to waste away into \ery 
artistic architectural forms. On the east side of the valley there is an 
irregular terrace-area covered mostly with quaking-asi)ens and pines, 
formed by land-slides. On this terrace, which is elevated about 250 feet 
above the river, there are a number of small lakes, feel by the melting of 
the snows from the mountain-sides. One of them is about one-fourth of 
a mile long, and is full of trout varying in length from 10 to 15 inches. 
We might here ask the question how these little lakes, so far above the 
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main streams, became so stocked with trout. One thing is certain, 
there is no communication for the fish with the main stream. 

Fig. 7 is intended to represent an ideal section of Soda Butte, show-
F. ing the pipe or orifice 

Ig. 7· and the manner of 
the deposition of the 
layers, or the growth 
of the mound. 

The limestone that 
· ' cropped out for a lit

tle distance below the 
forks disappeared 
again for about ten 
miles up the middle 
branch, when it re
appeared on both 
sides of the valley, 
and continued up to 

~g~iJilliil1rlm!.illilliML~~:-.:..:~---_l the Clark's Fork di-
vide. The snows are 

CAJ.tB. LIMESTONE SECTION OF SODA BUTTE, quite deep On the 
sic~es of the mountains in the gorges even at this time, and it is probable 
that they remain all the year. The width of the valley will average about 
one-fourth of a mile, and is thickly wooded with several kinds of conif
erous trees, with here and there groups of the aspen-poplar. About five 
miles above the forks, fragments of limestone began to appear on the 
surface, and soon the regular strata commence to rise above the bed of the 
stream, and about ten miles above, the limestones were exposed in ver
tical walls on either side of the canon from beneath the conglomerates 500 
to 1,200 feet. The upper surface is quite irregular, indicating a great 
amount of denudation prior to the deposition of the conglomerate. The 
limestones are yellow, brown, and in many localities brick-red. The mass 
is alternately depressed or elmTated; that is, sometimes a very high ver
tical wall is exposed with the strata inclining at various angles, again it is 
depressed nearly to the bed of the stream. There is one locality near 
the source of the 1\Iiddle Fork, where the limestones rise up 1,000 to 1,200 
feet. So far as texture aided to determine, these limestones seem to 
be of Carboniferous age. Numerous fossils were found, which were all 
of that age, and I saw no locality where the Silurian limestones 
appeared to crop out. One curious fact could be obser\ed here, which 
shows the vastness of the eroding forces. The rocky wa.lls on either side of 
this canon are alike, and reveal the fact that the entire valley has been 
carved out of the massive rocks which must have been far more extensive 
than we see them at present. From the source of this branch to the en
trance into tbe main valley, a distance of fifteen miles, a mass of rock-ma
terials has been worn out one-fourth of amilein width, almost fifteen miles 
in lengtll, and of a thickness at. least equal to the summits of the highest 
peaks, some of which are 3,000 feet above the valley below. We cannot 
now estimate how much of the surface may ha-ve been wasted away, 
but the evillence is clear that no inconsiderable portion has been 
removed. When the limestones are exposed underneath the conglom
erates on one side of the canon, the corresponding strata are seen on 
the opposite side. The conglomerates are very nearly or quite hori
zontal, the lower portion adapting it~elf to the irregular surface of the 
Jimestone like any other sedimentary deposits. Tllis valley or cafion is 
only an illustration of many others. I have no doubt that the Carbon-
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iferous limestones underlie the greater portion of the country east of 
the Grand Canon and the lake, extending over to the sources of Clark's 
Fork, Stinkingwater, and ot.ber streams. This enormous tlJickness of 
conglomerate once extended all over it in one unbroken mass, but since 
the subsidence of the waters the volcanic mass has been eleft down 
into the underlying beds of limestone in every direction, forming some 
as remarkable scenery as there exists on our continent. lVIr. Holmes, 
the artist of the expedition, has sketched many natural sections show
ing most clearly the relations of the conglomerates with the lirne::;tones 
below, aud presenting in detail the singularly unique forms wllich are 
prodnced abunuantly by the meteoric forces. Mingled with the conglom
erates are vast irregular masses of trachyte, the result of repeated over
flows from the craters and fissures. In many cases the nucleus of the 
cones or peaks are massive trachyte. There are also alternate beds of 
trachyte and conglomerate. 

About tho sources of the :M:iudle Fork and Clark's Fork are some very 
interesting silver-minos. They are all located in the limestones, from 
6,000 to 7,000 feet above sea-level. These limestones rest upon granites 
near Clark's Pass, anu one poor mine has been found in those rocks. 
The " croppings" are of a rusty yellow color, a sort of rusty limestone 
or qnartzite, which can be traced for miles. The mines lJave not yet 
been developed to any extent, but the ore, which is galena, looks well. 
I think the ore is located in regular fissure-veins, extending downward 
about at right angles with the strata, (which are nearly horizontal,) and 
probably reach down into the metamorphic rocks beneath. There is 
the greatest abundance of water and wood in this region to work these 
ores should they prove of any value ; but the mines arc at present so 
difficult of access, so far from market, and the seasons are so short, 
that their value is nominal at this time. Still, the rapidity with which 
this western country develops under the stimulus of ricll mines and 
railroads is so great tllat tllese far-away ores may become valuable 

Fig. 8, 

JNDRX AND PILOT PEAKS. 

sooner than we could anticipate. A regular mining-district bas heen 
formed here and numerous lodes staked out. (See map of East Fork.) 

Passing the divide, we ascended the mountains which giye origin to 
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one of the main branclJes of Clark's Fork. This divide or pass was 
found to be 8,500 feet. The view from tlJe mountain-summit was grand 
in the extreme. Extending far to the south is a chaotic mass of volcanic 
peaks, varying from 9,500 to 11,000 feet. Pilot and Finger Peaks are 
located near together, on the divide betwefm the East :B'ork of Yellow
stone and Clark's Fork. (Fig. 8.) One -of them derives its name from its 
shape, like a closed hand with the index-finger extending upward, while 
the other is visible for so great a distance from every side that it forms an 
excellent landmark for the wandering miner, and thus its appropriate 
name of Pilot Peak. The metamorphic rocks underlie the limestones 
everywhere, and in the valley of Clark's Fork they are exposed over quite 
large areas. At least one hundred small tributaries pour into the river 
and its main branches from the lofty snowy mountains. Each one 
seems to rise in a small lake, and as we pass our eyes along the rounded 
low granite mountains on either side of Clark's Fork, they rest upon 
numbers of these reservoirs, glistening like gems in the sunlight. On 
the east side of Clark's Fork is a remarkably rugged granite range, 
covered with perpetual snows. On the west side, low down in the val
ley, the massive walls of limestone-strata may be seen most distinctly. 
The beds of limestone do not seem to incline at very great angles, but 
to have been elevated to different heights. Sometimes a group of strata 
will be found in the bed of the valley, and then again lifted up in a 
nearly horizontal position on the mountain-sides 1,000 or 1,500 feet 
above the bed of the river. Although the scenery is so rugged and 
grand, yet an air of desolation reigns over the whole. Perpetual snow 
is seen everywhere, and the somber nakedness of the volcanic peaks 
adds to the gloom; but toward evening the setting sun envelops them 
with such a delicate golden haze that one seems wafted into the land 
of enchantment.. The delicious colors are blended with a delicacv aud 
a richness that no arti:::-;t has yet fixed on canvas. Toward the 'iwrth 
aud stretching oft' to the Yellowstone are a great number of sugar-loaf 
peaks, giving origin to Stillwater, Rock Creek: and Bowlder Creek, with 
their numerous branches on one side, and Slough Creek, with many 
other creeks that flow into the Yellowstone or East Fork, on the oppo
site side. Slough Creek rises in a little lake about 7,300 feet above the 
sea. · This little lake is about three-fourths of a mile long and half a 
mile wide, aud so full of trout that they cannot find sufficient food for 
their subsistence. At any rate, lVfr. Blackmore caught over one hundred 
trout in a few ltonrs, which averaged from 12 to 15 inches in length. 
Every one of them was poor and thin. Rock Creek also ri:::-;es in the 
same ravine, but the waters are turned in an opposite direction from 
those flowing into the lake at the source of Slough Creek. Rock Creek 
flows clown the mountain-sirle with a northeasterly course, carving its 
channel deep through the limestones into the metamorphic-rocks, and 
forming some of the most interesting scenery in this region. Nothing 
coulrl exceed the beauty of the waterfalls on Rock Creek, where the 
water dashes over tlJe rocks 1,500 feet in a distance of two miles. Tlw 
photographer could here find subjects for his art without number. 
The tops of the mountains on the immediate divide are mostly limestone, 
and on every side the conical or pyramidal peaks have been cut down 
so as to expose the metamorphic rocks to a greater or less extent. In 
the valleys where the massive feldspathic granites are revealed, they 
have been so worn by glacial action that a smooth surface like enamel 
has been· formed. 

We followed down the somewhat diffi.cult valley or canon of Slough 
Creek on our return. The distance was about eighteen miles. A num-
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ber of quite import~nt branches, which also ha\e cut deep canons for 
ten or twelve mile~ back to the divide, flow into Slough Ureek on either 
side. The sides of the valley are everywhere from j,500 to 3,000 feet in 
height, and are mnch more irregular than in the cnilon of Middle Fork. 
In the granites are seams of feldspar and quartz two feet in width. So 
abundant in some localities are these seams that they become a notice
able feature. 

The valley for the :fir.:;t twe1Ye miles from its Rource is from on('-fourth 
to half a mile in widtlt. The upper portion of the Yalley is Yolcanic, 
but seems to have ent down to the granitrs, so that in the bottom we 
travel for the most part over huge granite-bowlders. 

About twelYe miles down the str~arn we came to an open bottom three
fourths of a mile wide, eovere<l thickly with sage . . This continued about 
three miles, then the valley closed up again within granite walls, and the 
waters of the stream formed a beautiful cascade. Again the valley 
expanded out and lirnestoues were rm'ealed on either side in regular 
strata, from 100 to 300 feet in thickness. Again tlw valle.v closed up in 
a granite calion, and soon opened out into tlle valley of East Fork. It 
is plain that the Yalley of Slough Creek is purely one of erofl.ion. 
Througll the volca11ic rocks and the limestones the waters have can·ed a 
clean smooth channel, but immen~e masses of granite have been left in 
the .lower portion of the Yalley. The surface of the metamorphic or 
granitoid rocks seems to have been very irregular, and when the lime
stones have l>een stripped off by denudation, the valley would be 
obstructed by masses 50 to 100 feet l.tigh, over which the waters seem 
to ltave rolled for ages without making much impression. _J\.t any rate, 
the evidence is clear that the volcanic rocks and the limestones yield 
far more readily to meteoric agencies than tbe granites. 

vVe may say, in conclusion, in regard to the rooks of this district, 
that we find a series of limestones probablJ of Silurian, and containing 
Home of Carboniferous age, resting upon an irregular surface of meta
morphic guei;:;s, and upou the irregular surface of these limestones repo~es 
a greater or less thickness of \Olcanic trachyte <md conglomerate. \Ye 
may judge of tl1e cli1ferent elevations at which we :find the granite where 
the peaks capped with limestone are 1,000 to 1,500 feet higher than the 

., valleys with the rocks llolding the ~arne relations. We thus see that 
while depression of some portions of the surface may come in as au 
element, yet elevation has really been the most prominent direction of 
the force. 

\Ve left this most interesting region with regret. I do not belieYe 
that tllere is, at the present time, a more novel or interesting portion 
of our contin<:'ut for exploration than that about the sources of the 
various branches of the Yellowstone, from the Low~r Canon to the 
mouth of the Big Horn River. The numerous large streams )ike the 
Bowlder, Rosebud, Rock Creek, Clark's Fork, Pryor's Fork, &c., cut 
deep and most picturesque gorges down the sides of the mountains nntil 
tltey flow out into the plains. vVe have probably expressed tlle geology 
of this region in general terms in the present report, l>ut the amount of 
interesting detail which must yet be wrought out before the formations 
can be colored properly on a map must be very great. 

We returned to our camp below tlle mouth of East Fork, and tlw 
following day pursued our way up tlle main valley of the Yellowstone. 
For a detailed description of this valley, its falls, canons, hot springs, 
&c., the reader is referred to the Report of the United States Geo
logical Survey for 1871. The exploration of the present season de
veloped but little that was new in this region. More careful instrumental 

4 G S 
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ol>Rervations were made by differ£nt members of the party, and some 
additional facts were obtained by Dr. Peale. These will all appear in 
subsequent portions of this report. We will, therefore, pass by the won
derful basaltic colnmns, which are so finely shown in Fig. 9. Tower Falls, 

. Fig. 9. Grand Calion, Upper 
'"-=C",,, -_,.,..~'~''7"'='"""'~-~= and Lower Falls of the 

Yellowstone, as well as 
the numerous groups 
of hot springs, which 
are abundant, can ouly 
be alluded to in gen
eral terms. Some new 
groups of springs were 
added to the list, but 
none that threw any 
additional light on 
their history. There 
are, no doubt, many 
small groups of springs 
yet undiscovered. 
Glowing accounts 
were given to us of a 
very interesting group 
at the very source of 
the West Branch of · 
Gardiner's River. 
When the National 
Par}): has been ren
dered more easilj.,. ac
cessible for travelerd, 
many curious discov
eries will, no doubt, 
be made which will in
crease the public in
terest iu this wonder
ful region. The origin 
of the remarkable 
lake-basin, in which 
the greater part of the 
wonders is located, is 
most interesting in a 
geological point of 
view. I am convinced 

BASALTIC COLUMNS, YELLOWSTONE, NEAR MOUTH TOWER CREEK, that itiSllOtaltogether 
one of erosion, but in part of elevation. It seems probable, however, that 
the intense volcanic action, of wbich we see everywhere such unmistak
able indications, occurred at a very modern geological period, not further 
back than the Pliocem~ period, and perhaps even not later tban what 
we usually denominate tbe Quaternary or Drift. At any rate, it is 
probable that the waters surrounded and perhaps cover~d the highest 
mountain-peaks, inasmuch as we not only find drift-bowlders upon 
most of tbe loftiest riwges, but the volcanic conglomerates, tuffs, &c., 
are arranged in a stratified and, for the most part, horizontal position 
as high as the most elevated peaks in the Yellowstone Basin. On, the 
west side of the lake some of the highest peaks, as Pomeroy, Langford·, 
Stevenson, Doane, and others, aFe seemingly hugesolcanic cones, com-
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posed of compact trachyte, put surrounded with stratified hreccia or 
conglomerate, jutting up against the sides and reaching nearly .or quite 
to the summits. Indeed, some of the highest peaks are apparently made 
up of the conglomerate. We may conclude, not only that the carving 
ou't of the channel of the Grand Calion was a very modern event, but 
that the deposition of the entire material which forms the canon is, in a 
geological sense, quite a modern occurrence. iJ'he drainage of the country 
commenced long before the excn,,·ation of the present water-courses, but 
it is <lifticult to answer the question how this great drainage was brought 
about, unless we account for it by a general elevation of the entire 
country, gradually sending this immense body of water, \Yhich must have 
prevailed all over the North west at. least, porllaps all over the Rocky 
Mountain region, westward iuto the Pacific and eastward into the 
Atlantic. As the waters slowly subsided they were separated into 
lakes of greater or less size, and then came the excavation of the Grand 
Canon, wllich slowly drained the great lake-basin above the falls, so 
thM now we have only tho comparati,·el,y small remnant, the Yellowstone 
Lake. (Fig._lO.) Other ~mall fragments are scattere<l about in the vicin
ity, \Yhich now form reservoirs for the local drainage. Uudoubteclly the 
same series of remarkable physi~al events occurreu in Oregon and in 
Califoruia <mel in IdHho and Washington Territories, and, perhaps, far 
south ward. into Mexico, judging from the publi~h<:>tl reports. The Hot 
Springs, which are now slowly dying out, are, of course, the last of this 
serim3 of events. The evidence S(->erns elear that all over the West dur
ing this great period of volcanic activity the hot springs and perhaps 
even geysers were very nurnerons. We everywhere find the remains or 
deposits in all the States and Territories west of the :Mississippi, and 
now and tlJen a warm or hot spring remains to indieate the story of their 
former power. 

Fig. II, 

WALL OF BASALT, YELLOWSTONE RIVER, AT 1\IUD SPRINGS 

Fig. 11 is intended to illustrate the prohn h1e avenues through which tbe 
meteoric waters pass down tllrough the rocks to the heated portions. At 
Mud Springs, about six miles below tbe Yellowstone Lake., there is a 
vertical wall of basalt, about 50 feet high. Tuis wall is onl~T a remnant 
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of a vast mass which extended all along the river, but which bas now 
been dissolved into clay of varied colors by- the hot springs. The joints 
are veryregular. 

In my report of 1871, page 100, I described the Hot Spring mounds 
that extended into the lake from the shore, and stated that a person 

Fig. x2 • might stand upon the siliceous 
mound, extend the fishing-rod 
out into the waters of the lake 
and catch trout weighing from 
one to two pounds and cook 
them in the boiling springs 
without removing the fish from 
the hook. My friend, .T11r. Wil
liam Blackmore, repeatedly per
formed this experiment on the 
south west shore of the Yellow
stone Lake. Fig. 12 will illus
trate the proximity of one of 
these boiling springs to the cold 
waters of tl1e lake. 

Upon the high divides on either 
side of the Yellowstone are nu
merous little lakes, at an eleva
tion of 10,000 to 11,000 feet 
above the sea. Oftentimes they 
dire without any outlet, simply 
reservoirs for the drainage of 

HOT SPRING, SOUTHWEST OF:YELLOWSTONE LAKE• 

the high plateau. Fig. 13 represents one of these elevated bodies 
of water which will always be invested with a charming interest 
on account of their romantic picturesqueness. Fig. 13 shows our camp 
at night after the party had made a long, tedious 11:1arc·h from the Yel
lowstone Lake on the way to the source of the East Fork. Fig. 14 
represents the party on horseback as it left the camp the following 
morning. The 'cuts were engraved from photographs taken by Mr. 
Jackson. The photographs show the whole party reflected in a remark
able manner in the clear waters of the lake. 
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The bot springs and geysers of the Yellowstone and 1\1a<1iRon were 
so fully described last year, and :u:e, with cousiderable detail, noticed in 
the present report by Dr. Peale and Professor Bradley, that I have given 
them but little attention. I will refer, however, for a moment, to a few 
illustrations, aud among them the fine one which I am permitted to nsn 
in this report by tlle courtesy of the editors of the Illustrated Ollristiau 
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" Teekly. The cuts were engraved from pLotog:rapbs tahe11 b~· l\1r. Jack
son, of the survey, during the summer of 1871. · The ''Hot Spri11g Co11e" 
we called the "Fish-Pot," trom. the fuct that it extended out into the 
lake se..veral feet, so that one could stand on the siliceous monnd and 
hook the trout from the cold\taters of ihe lake, and, without moving, 
boil them in the steaming-bot ''"atf>r of the spring·. There se<·mC'<1 to 
be no connection I.Jetwet:>n tbe orifice of the Bot Spring and tllC cold 
water around. In the nprer right-band corner is the Castle Gt>yser, 
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and the most beautiful spring in the Upper Geyser Basin of tile Madi
son. · The Grotto and Giant Geysers are first-class spouters, throw
ing· a column of water up from 100 to 200 feet and contiuniug the oper
ation from one to two hours. The "Boiling Spring," at Sulphur Moun
tain, is located in tile valley of the Yellowstone, about ten miles below 
the lake, at a locality known as the "Seven Hills.", It is indicated on 
the chart in the report of 18 71, page 88, and described on page 89. This 
spring is known as the Sulphur Spring, and the open portion 'is about 
15 feet in diameter. The ornamentation about this spring is beautiful 
in the extreme. At the lower right-hand cm·ner is a small sketch of tile 
Calcareous Springs on Gardner's River, with the curious terraces and 
bathing-pools which were described in detail last season. 

So far as we could ascertain in our explorations, all the rocks about 
the sources of the Yellowstone and the .Madi~::~on are of volcanic origin. 
·n is true that in the valleys, the very modern lake-deposits reach a 
thickness of several hundred feet, but they are seldom taken into 
account as distinct geological formations. Still, they are found every
where in the Yalley~:;. The foot-hill~:~ that border the Yellowstone Valley 
between the falls and tile lake are entirely made up of them, and must 
have an aggregate thickness of 600 to 800 teet at least. Betwern the 
Yellowstone Valley and the head-waters of Madison and SHake Rivers, 
these modern deposits are seen every~:here, filling up the inequalities 
.of the surface of tile nndedying volcanic rocks, and giving- a rounded 
smoothness to the present surface. They form the soil upon which the 
existing vegetation grows. Tbese deposits are all plainly local in the~r 
origin; that is, they are derived from the rocl{s in the immediate vicin
ity, or within the limits of tlle drainage in which the specit:.c beds are 
found. For example, the modern lake-deposits of the Yello\vstone 
Basin were all derived, so far as I could observe, from the rocks within 
the limits of the drainage of the Yellowstone Hiver above the falls. 
The local origin of the modern drift-deposits seems everywhere appar
ent. The same deposits are found to a leRs extent in the Geyser Basins 
of the Madison. On the west side of the Madison, above and brlow the 
junction of East Fork, the bluff bank is 400 to 500 feet high, composed 
of trachyte. In the basin are a number of long, low ridges or hills, 
composed of porphyritic obsidian and trachyte, which, I think, are only 
the remnants of the great continuous mass out of which the entire valley 
bas been carved. The Twin Buttes are also partially-disconnected por
,tions nearer the high trachyte ranges that border the basin. 1\:fuch of 
the rock is made up of rounded masses with a radiate structure, as if 
the igneous rocks were partially crystalline; other masses are com
posed of concentric roats, with cavities filled with feldspar, which, 
decomposing readily, give to the extensive surface a rough appearance . . 
From the junction of East Fork down six miles, the Madison flows very 
majestically aud most beautifully. The banks are low, and fringed with 
vegetation of the most vivid green, while visible through the water, the 
patches of vegetation give a most pleasing variety to the current. The 
warmth of the water seems to have given a kind of tropical luxuriance to 
the vegetation, stimulating to an unnatural growth. There comes a series 
of rapids of great beauty, with walls on the west side 600 to 800 feet, 
rising nearly vertically, and composed of la3'ers of trachyte. Much of 
it is made up of rounded masses from the size of a pea to several inches 
in diameter, either with a semi-crystalline radiate structure, or filled 
inside with feldspar. The east side of the Madison recedes in step-like 
hills or ridges, uutil a certain elevation is -reaebe<l, when, as far as the 
eye can reach, nothing can be seen but a dense forest of pines. We 
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camped the night of August 21 in a very romantic place, at the junc
tion of Gibbon'~ Fork with the .Ma<lison. Gtbbon's Fork is a beautiful 
stream that flow~ into the Madison on the east si<le, about 100 feet wide, 
quite· unknown on any of our maps. We have named this stream in 
honor of General Jolm Gibbon, United States Army, who bas been in 
military command of .Montana for some years, aud ba,s, on m~:tny occa
sions, reiHlered tlle survey most important services. 

About half a mile up Gibbon's Fork on the west side are some vcr.v
interesting hot springs. 'rhey are located near the immediate base of 
the hills tllat iuclose the valley, elevated about 100 feet abm·e the bl•d 
of the stream, and coYer several acres with their peculiar <leposit. The 
varied colors of the jelly-like substance were fine, and other Yegetablc 
forms are abundant. Several quite large streams :flow away from the 
springs in winding channels, with beautifully-scallope<l edge~. One 
large spring forms a resen·oir about 200 feet long, and on an a\·erag-e 
50 feet wide. At one end of this reservoir are two orifices, one quite 
large in mass, two feet or more, boiling constantly. 'l'bere 1s also a 
small side-orifice. From the sides of tile h1ll several small hot sp ·ings 
:flow into the reservoir along most. elegantly-ornamented chaunel8. If 
tt were not for the greater and more important group of springs above, 
this small group would attract muvh attention at some future period. 
The old deposit has now pecome dry, but it was formed into quite large 
terraces, somewhat like those made by the calcareous springs, witll 
larger reservoirs or pooJs, instead of the more delicate ones in the 
Geyser Basin. In the reservoirs and along the channels of the living 
springs are most· beautiful masses or locks of vivid green confclTOid 
vegetation, floating in tile water like locks of wool. The.re are several 
other fine springs, but mostly of low temperature, with the inner surfaee 
of the basins covered over with a thick, <leep, rusty-yellow, leathery sub
stance, which gives them the look of a tan vat. 'rhe rocks on either side 
of tlw l\iadison are trach~to, but apparently arranged in vertical layers, 
so that the l'iYer seems to have worn its channel through them. 'rhe 
rocks appear as if they had originally been formed in horizontal layers, 
but ha~..l been tilted up subsequently into a nearly vertical position; but 
it is probable that this slaty frach1l'e is due to some proce;:,s of cooling. 
In tlle calion where the walls ri::;e on either side to a vertical height of 
800 to 1,±00 feet, there is 110 evidence of any tilting of the rocks of mod
ern date. Tile va.Uey tllrough the calion is about 300 yards wide, cov
ered tllickly with s<nall pines. About five miles down the calion on the 
right side, thoro arc rather imperfect basaltic columns. In one instance 
a most pictnre8que arch is formed .. On the summit of tbe calion there 
is a, bed of somber-bro~vu rock that looks like basalt. The lower por
tions, which we have usually called trachyte, probably coolecl uucler 
con~iderable pre::;;sure and is older, while the basalt is the result of a 
second outflow mHh·r far less pressure, is less compact and yields 
readily to meteoric agencies. . 

After passing tbrongh the canon, whichjs about eight miles in length, 
we came out into a vast basiu with a remarkable system of terraces on 
both sides of the .Madison. The river is ueautiful in its quiet flow. 
The water is ~hallow, clear, and a:t the bottom tlw brigltt vegetation 
umy be seen like little grePn islands. As we come out of the cation we 
h:we the bold uasaltic peaks about tlle sour~es of Gardiner's Ri\rcr, 
extending down l>etwePn the Yellowstone and the l\ia<lison; on the 
,<;;outh is the long, low wooded divide betwepn tlle waters of the Madison 
and Snake Rivers, very sel<lom rising ai>ove 7,000 or 8,000 feet; on the 
west side of the basin is the grand runge, whiell exten<ls on both sides of 
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the Madison, through which the river has carved the Middle Canon. · The 
modern deposits in this basin are quite extensive, reaching an aggre
gate thickness of 400 to 800 feet, but they are composed mostly of vol
canic sand and gravel or coarse drift-material, much worn, with only a 
small proportion of the light-gray marls, which we find so abundant in 
the valley of the Three Forks. Vast quantities of rounded bowlders 
are scattered over the surface, all of which, so far as I could ascertain, 
are of volcanic origin. This basin is mostly covered with a thick growth 
of pines, with here and there open meadow-like spaces or parks. 

From this basin we made a short side-trip to Henry's Lake, which 
form~ the source of one of the main branches of Snake River. After 
traveling several miles across the bottoms through dense pine-woods, 
we came out near a · good-sized stream, which flows into the Madison 
from the west. Crossing this we have a broad open meadow for several 
miles until we reach the Tahgee Pass, which leads over to the valley of 
Henry's Fork. The scenery wa:s very attractive in every direction. 
Tbis branch, which has never yet been laid down on any of our maps, 
is about 100 feet wide, and on an average one foot deep, and winds 
most sinuously through the low, boggy bottom. We followed tile old 
Tab gee trail to the East or Tahgee Pa· ~s, named years ago after the head
chief of the Bannacks. This is a low level pass over which a coach and 
four migllt travel on a gallop. It is underlaid mostly with limestones,· 
but as we approach Henry's Lake, the quartzite and gneissic rocks 
appear beneath the limestones. The lower portion of these unchang·ed 
rocks are pebbly arenaceous limestones and sandstones. The pebbles 
are much worn, and are either quartz or micaceous gneiss, showing that 
the sediments were derived directly from the metamorphic rocks. 

In this pass there is a group of huge hemlocks that will at once arrest 
the traveler's attention. They seem to belong to another age. There 
are ten of tllem, and several others have perished. They are four to 
six feet in diameter, and rh;e to a height of 100 to 150 feet. This group 
of trees is the more conspicuous from the fact that they are larger than 
any others in this region, and have a very ancient appearance. 

There is one peculiarity of the tree-vegetation all over this portion of 
the 'iV est, that it.has a fresh, young look. The pines are seldom more 
than two feet in diameter, sending up a straight stem 100 to 150 feet 
high, and a large aged pine, or tree of any kind, is a landmark as well 
as a curiosity. We ascended the mountains on the north side of Henry's 
Lake, and from this point obtained a fine view of the country in m·ery 
direction. The view down Henry's Fork was remarkably fine. The air 
was clear and pure, and the valley to. the junction with Sn::tke River was 
spread out like a picture, while the magnificent range of the Tetons, full 
:fifty miles distant, seemed not half that distance. The metamorphic rocks 
are best shown on the west side of this range. Henry's Lake was at 
our feet, shallow and full of little islands, only a remnant of its former 
self. To the west there is a beautiful grassy valley, with a small stream 
that flows into Henry's Lake. This valley leads up to tile divide from 
wbich the west fork of the Madison takes its rise. South of this val
ley there is a belt of metamorphic rocks extending off far to the west, 
rising 800 to 1,200 feet above the lake. On the south side, aud extend
ing to the southwest toward · Red Rock Lake, is another valley, which 
forms a beautiful pass. The low b~lt of moqntains between these two 
passes is graElsed over or thinly-wooded with pines. While the range 
on the south side of the lake, which extends off in a southwest direction 
from Henry's Fork Valley, is very heavily timbered. This is a fine 
range, and ?s at this time . covered with large patches .of snow. The 
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first peak to the east is about 10,000 feet, the second peak 10,500, and 
the tllird peak in tile range 10,000 feet. This will afford some idea of 
.tl.Je general elevation of thes-e mountams. On tile east side the mount
ains gradually bend down to the valley, but are covered witll a dense 
growtll of pines. Far southward extends the valley of Henry's Fork
a marvel of beauty and. freshness. The upper portion, for au extent of 
twenty to tweut.v-ftve miles in length and five to ten miles in breadth, is 
like a meadow, covered with a luxuriant growth of grass; while flowing 
from the lake and winding through the middle of the valley, receiving 
on eitller side numerous branches, is Henry's Fork. Still farther south
ward is a dense black mass of pines, and just on tlle dim horizon, more 
than one hundred miles distant, is the range of mountains that forms 
one side of the rim of the Snake RiYt'r Basin near Fort Hall. North of 
this is the wonderful Teton Basin, which is also like a mead.ow. To 
the southeast the shark-teeth summits of the Grand Tetons are most 
conspicuous and clearly defined, rising so high above all other mountain
peaks that they stand isolated, monarchs of all. To the northeast of 
the Tetons there is a broad extent of table-land, with a general eleva
tion of 8,000 to 8,500 feet, covered with a dense growth of pines. This 
plateau is probably covered with volcanic rocks. On the eaRt or north
east is the Tab gee Pass, and Bannack Trail, which cuts through a range 
of mountains, the highest peaks of which are 9,000 feet, down the east
ward slope, to the pine table-lands about tlle sources of the Madison and 
Yellowstone. Nearly all the rocks on the southeast side of the T:;thgee 
Pass are volcanic. Y ct on tile sides of the pass are a few outcroppings of 
limestone. Y\T e know that the limestones are underneath tlle tracllytes. 
The area occupied by the different kinds of rocks can only ue sllown by 
colors ou the geological map, which will be prepared in due time. On 
the north side of Henry's Lake is the range of mountains which forms 
tlle divide between the Snake and Madison Rivers, and through which 
the Madison cuts its way in forming its :Middle Canon. Henry's Lake 
is a fine illustration of a remnant, dating back probably to Pliocene 
times, when all these valleys were filled with water, perhaps connecting 
the drainage of the Missouri with that of the Columbia, and as the 
waterR subsided, formed the vast chain of lake-uasins along. all the i!ll
portant streams on both the Atlantic and Pacific slopes, of which our 
present lakes are only insignificant remnants. 

I have no doubt that the lowest · strata of unchanged rocks about 
·Henry's Lake are Silurian, probably of the Potsdam group, but I looked 
in vain for any traces of organic remains. The Carboniferous limestones 
higher up were filled with characteristic fossils. I regard this as one 
of the most interesting geographical points in tpe West. Within a cir
cle of about :fiftet'n miles in diameter there are four most important 
passes in the Rocky Mountain divide, which may represe11t the four 
points of the compass. The East or Tahgee Pass connects the YPllow
stone National Park; the sources of the Madison, and the Y('llowstone, 
with the Pacific coast. It bas an elevatiol\ of 7,063 feet. The second 
may be called the N{)rth or Raynolds Pass, and leads from tlJc Snake 
Valley, by way of Henry's Lake, over a smooth, grassy lawn, into the 
Lower 1\fadi::;on Valley. The third is the Red Rock or West Pass, which 
opens into the valley of the Jefferson by way of Red Rock Lake, and is 
as smootll and as easily traveled as the 1\Iadison Pass. The So'uth or 
Henry's Pass completes the circle, and is lower than either of the other 
three. The ease with which railroads or wagon-roads can be constructed 
across these great divides is almost incrediule to one tllat bas not made 
them a Stlbject of study, and the great area of valuable territory which 
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may be opened to settlement through them may entitle them to the ap
pellation of the Great Gateways of the West. 

On tlle night of August 24 we camped at the upper end of the Mid
dle Uaiion of the Madison, and here remained a day or two in the midst 
of most instructive illustrations of mountain-scenery. The relations of 
the limestones to the metamorphic rocks below are most clearly shown. 
The strata have been lifted up in mass at various elevations, and the out
cropping edges have been smoothly worn off, so that the line of separa
tion is unmistakable. There is always a want of conformity. The lime- . 
stones sometimes cap mountain-peaks that are full 10,000 feet high. 
Terrific chasms have been cnt deep down through the limestones into 
the metamorphic rocks in every direction from 1 ,500 to 2,500 feet deep. 
'lbe geology is as easily read as in the pages of an open book. The 
admirable sketches of Mr. Holmes cannot fail to make the relations of 
the strata clear to the general reader as well as the professional geolo
gist. 

The valley of the Madison above the Middle Canon is a marvel of 
picturesque beauty. The descent must be slight, for the river, with the 
branches which come in on either side, meanders through the grassy 
meadow with the most remarkably sinuous course I have ever seen. 
The skillful landscape-gardener could gather some useful hints in his 
art from this region. The channel appears as though it had been cut 
out by the hand of art, and the little islands in the channel are of every 
conceivable form and of great beauty. Although only a portion of this 
basin comes within the limits of the park, yet this lower portion, with 
such a marvellously beautiful landscape, will ever remain one of the won
ders of this region in a purely esthetic point of view. As a study for 
the artist I have nowhere seen any view of the kind that could compare 
with it, and I now call attention to it as one of the attractive points for 
visitors at some period in the future. In the lower half of tbe basin 
there is but little pine-timber, and high up, on both the east and west 
branches, whit;h enter th.e Madison near together at this point, the sur
face is covered with a luxuriant growth of grass. I estimated that the 
grass-land in the lower portion of this basin exceeded one b undred and 
fift,r square miles. The slopes from the base of the mountains on either 
side down to the river are most admirable illustrations of lawns on a 
grand scale. Tbe bottom ascends to the foot of the mountains with a 
very gentle slope, and the latter rise abruptl,y with almost inaccessible 
sides. The East Fork rises near Mount Gallatin and receives a portion 
of its waters, and winds its sinuous course through the basin for a dis
tance of twenty to twenty-five miles. This 'fork seems to -drain the 
entire range west of the sources of the Gallatin, about twenty or thirty 
miles in length, and a stream about 150 feet wide and 1 foot in depth, 
on an a'Terage, is the result. The four branches, which we find entering 
the Madison below the Lower Geyser Basin, are very handsome streams 
and about the same size. For several miles, b~fore reachingthe imme
diate entrance to the Middle Canon, the va1ley slowly closes up, and on 
either side some very interesting facts may be read. On tbe east side 
of the Madison the limestones are remarkably well exposed, but incline 
at aU angles. I found it difficult to obtain any local dip that would 
apply o-ver large areas. There is, however, a system in the aggregate, 
and .f think the general inclination is south and southwest. The lower 
beds of limestones are very eherty, brittle, and entirely destitute of fos
sils. My entire party searched diligently for a day or two and no trace 
of life coulu be found, but in the upper limestones great quantities of 
mollusca, corals, &c., characteristic of the Carboniferous period, were 
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obtained. Thick beds of limestone were entirely composed of an aggre
gate of these fot:;sils. :Thfost of them were in an excellent state of pres
ervation. The lower beds doubtless belong to the Potsdam epoch. It 
is barely possible that some othee divisions of the Silurian occur 
between the Potsdam group and the Carboniferous, but as yet we have 
no eviuen.ce, and until it is disco,'ered we will take it for granted that 
the Cal'boniferons limestones aud the Silurian beds are in apposition, 
and that they all rest on the metamorphic rocks. The limestones seem 
to d.iP IJeneath the basin on the south side of the range. and as we 
ascend the high and almost vertical sides of the mountain~ we pas~ ridge 
after ridge of limestone, each inclining at a greater angle, until, on the 
summit, they are vertical and stand up in lofty massive walls. Thus 
expot:;ed for ages to the elements, they have been weathered into the 
greatest variety of columns and other picturesque forms. Between 
these ridges are beautiful grassy valless. ~,000 and 3,000 feet above the 
river, to wllich the mountain sheep seem to delight to descend from the 
rocky pinnacles to graze. 

Near tlle head of the Gal1atin there is a very prominent cone-shaped 
mountain, to wllieh Captain Haynolds gave the name of Mount Gallatin 
twelve years ago. It is visible from a great distance on either side, 
probably ior a radius of fifty miles. On each side of this peak, and in 
close proximity, are two smaller peaks of nearly tlle same height. l\Iount 
Gallatm is about 10,000 feet high, while the smaller peaks are about 
9,000 and 9,500 feet. These peaks are composed mostly of limestones, 
and tlle intermediate space to the canon of the ·l\Iadison, a distance of 
tllirty mile~, is occupied to a great ext(-'nt with these rocks. I have no 
doubt til at in tlle diYide between the Gallatin and the East Fork some of 
the more modern beds occur. Dr. Peale found the Jurassic beds at one 
localit~ on the East Fork rising up from beneath the limestones. It is 
probable that here tllere bas been an inversion of the strata, as we find to 
occur, in a marked manner, only a few miles uelow. Basaltic rocks are 
found to a greater or le:s:s extent e\erywhereamong the limestones, some
times at tlle base of the mountains, and again at the summits or lligh up 
on tbe sides. The igneous matetial seems to haye issued fortll fi.'OIH fis
sures when ever a favorable opportunity presented itself. The gorges 
are quite remarkable. In some places the waters seem to have gouged 
out, as it were, a semicircular mass, with a Yertical descent of l,:wo to 
] ,500 feet, and on the sides tile massiye strata of limestone arc \vorn 
into columns or pinnacles, so unsteaus in their position thc-J.t the loose 
rocks may be pushed over into the gorge below. The bottom of the 
calion is full of debris, and doubtle~s ice had much to do in wearing 
the:se Yery eurious and immense gorges into the mountain-side. What 
may be called the seconuary series of llills or ridges are 2,000 to 2,500 
feet aboYe the Madison, while the higher peaks rise 3,000 to 3,500 feet, 
and llen· and there a peak sends its sharp summit 4,000 feet or more. 
The proofs of erosion are everywhere on the most gigantic scale. l'he 
calion lws been worn out in the same manner as those on the Yellow
stone, but in the mean time the narrow channel doubtless became gorged 
from time to time. The basin whica we have attempted to describe, 
which is about thirty miles in length and ten to fifteen in breadth, was 
once a 1i'e~h-water lake, but the water slowly wrought its way through 
this high range of mountains. Near the immet1i::tte entrance of the 
calion, on the east side of the river, there is a short, high, terrace-like 
ridge, aiJout one-fourth of a mile long, ~50 feet high above the bed of the 
river, paved ou the surface witl.l rouuu<:>d bowl<lers, and, I ba,·e uo doubt, 
made up of a local drift. The upper end is quite abrupt, steep, and at 
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this point in the side of the nwuntain there is . a small canon, from which 
a consider~tble amount of water must flow at certain seasons of the 
year, and the matcl:·ials from this canon may haYe assisted in building 
up the rid.ge. I have no doubt, howeYer, that the upper portion of the 
canon bas been at some period filled up with loose bowlders and drift 
transported from aboYe, and when the gorge broke away, most of it 
was carried down the riYer, but that this portion was in ·some way pro
tected. The entire valley between the mountains is literally paved with 
rounded bowlders, and there is no doubt that this same coarse material 
extends beneath to a great depth. In the canon itself there is a still 
more prominent ridge, and the loose rocks on eyery side are much larger 
and more abundant. A fine stream comes into the river from the mount
ains on the east side. This little stream has cut a narrow gorge for 
fifteen miles, with walls on either side 2,500 to 3,000 feet high. There 
is an abrupt bend in the river just above this ridge of bowlder-drift, 
which may account in part for its accumulation at this particular spot. 
The central portions of this range are mostly micaceous gneiss, some 
parts very compact, fine-grained, steel-black in color. The Yariations 
in texture and color are ver}' great, as is usual among the metamorphic 
rocks. From the summit of the high ridge on the east side of the river, 
at a height of about 9,500 feet, we were able to take in a large scope of 
country, and study out the character of these rugged mountain-peaks. 
In this range, which is a limited one, there are a dozen peaks which will 
reach 9,800 to 10,250 feet, while two of them ate about 10,500 feet. The 
rocks are all metamorphie or gneissic, and remarkabl.v har:d and com
pact, so effectually resisting the meteoric forces that the rocks to tlw 
summits of the highest peaks are as sharp and angular as if only frac
tured within the present season. These unworn angles give a peculiar 
sharp ruggedness to the Yiew, as the eye passes across the summits of 
the maby peaks or descends into the innumerable gorges on every side. 
To the east, toward the valley of the Gallatin, the strata of limestone 
may be most clearly seen where they have been cut down in the gorges, 
yet holding a g.t;eat variety of positions. Sometimes they dip down 
suddenly in the valley and pass out of sight, then again they are ele
yated bodily to the summit of a high peak, resting on the metamorphic 
rocks. On the west side of the Madison there are three or four peaks 
which are at least 10,000 feet high. Among these mountain-gorges we 
see the sourc~s of the myriad small branches which, in the aggregate, 
form the large river. Nestled among the craggy cliffs are here and 
there little ponds of clear water, derived from the melt.ing of the snows, 
seldom ever seen except by the birds and the game that visit them to 
queneh their thirst. The tendency of all these gorges is to work their way 
inward toward the divide. Great masses of snow and ice accumulate 
in them during the winter, ~nd the water, flowing down among the frac
tured masses, fi'eezes, and expands with a jorce that year by year tears 
down a portion, that falls into the depths below and is swept down by 
the torrent. The aggregate of the forees which have continued in 
operation through a series of ages, which no man can determine now, 
and which we agree to denominate meteoric or atmospheric, are the 
combined action of water, air, and ice. These forces haye undoubtedly 
been far more effective in ages past than at present. In one of the 
gorges which lead •down to the river in the calion, we discovered a 
complete inYersion of the strata, and this condition of things was 
found afterward to prevail to a large extent in these mountain-ranges. 
I would refer the reader to Dr. Peale's report, and also to the descrip-
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tion of the Gallatin range in a. subsequent chapter, where other exam
ples of inYersion of strata will be noticed. 

Al>out ten miles northwest of Lake Henr,y, below the .Middle Uauon, a 
small stre<:tm, whicll has its origin in the Raynold's Pass, flows into Cliff 
or \Nade's I1ake. The little stream bas cut a singular gorge through tile 
trachj•tecrock.s, with vertical walls 400 to GOO feet higll, runs southwest 
about two miles, turns al>ruptly south around a point of trachyte uOO feet 
high, and continues nearly west. This lake, which has not been noticed 
on any of the existing maps, is said to have no outlet. [t seems to be 
formed in a huge fissure iu the volcanic rocks, and is surrounded by 
lofty nearly Yertical walls. 

This lake was carefully explored by Mr. Bechler, and the l>eautiful 
map of it, accompanying this report, was prepared by him. He says 
that it bas three small streams flowing into it, but has no visible outlet, 
but the surplus water probably passes under the basaltic cap. r.rhe sides 
of the lake are so steep and lligh that it is not possil>le to tra,·el near 
the shore, but lVIr. Bechler ascended the high cliffs overhangiQg the lake 
and obtained a beautiful view of the sunoun<ling scenery. The high 
basaltic cliffs that. inclose it suggested tlte name of Oliff Lake. Near 
the middle of the lake, there is a small, conical island, about 150 feet in 
diameter, but risiug 100 feet or more, covered with tall, straight pines. 
There were several smaller lakes in the vicinity, all of t·hern apparently 
formed in these basaltic fissures, and without any Yisible outlet. 

The valley below the Middle Canon gradually expands until it 
becomes six to ten miles in wiutll. At the upper end of the valley the 
terraces do not show as well as below, l>ut in no other portion of the 
West ha"e I seen so uniform and so beautiful a series of terraces as in 
this basin. I point this out here to the reader, who may ever chance to 
visit the country, as one of the wonders of this remarkable region. At 
the upper end of the basin the terraces are quite well defined and show 
a most extensive deposit of loose material at the l>ottom of the lake. 
'.rhe surface of the entire valley is co,~ered with bowlders of greater or 
less size, many of tllem huge massive granite. On both sides of the 
river are caps of basalt co\ering and protecting from erosion the under
lying lake deposits. From these basalt-capped hills or terraces I infer 
that the modern lake-deposits must have originally been from 500 to 800 
feet thick, perlutps much more. The river has cut its way through this 
deposit, forming in some instances a narrow gorge with the basaltic 
cap on either side like a high terrace, while the foot of the mountains 
on both sides is distant from half a t11ile to one mile. We can thus 
understand pretty clearly what must have been the thickness of these 
lake-deposits immediately after the outflow of the igneous matter. As 
we pass down the riYer all this -basaltic floor has remaine<l, and the 
entire surface of the valle;y, from si:de to side, smoothed like a lawn. 
Whether there wasoue period or several of outflow of basalt I cannot state 
positi,·ely. In the verticalsidesoftheri-ver-cbannel the basaltmaybeseen 
at different elevations, but nocoutinnouslayers, and, therefore, it may have 
fallen dowu from the summit; yet I suspect there were several periods 
of outflow. In man,y localities the basalt is exposed in the form of a 
high vertical wall wit!J. a partial columnar appearance. It also varies, 
in color as well as in texture, from a very dark-brown to a purplish-drab. 
All the lake-deposits, as well as the igneous rocks, lie in horizontal po
::;itiou, aud, ::;u fi:tl· as can he ob::;erved, bav~ not been affected l>y any 
subsequent movements. vVe may, therefore, infer that the forces which 
raised the surrounding mountains to their present position, and tjJ.ted 
the strata1 operated prior to the existence of these fresh-water lakes. 
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There mn:y ha"~e been periods of elevation and subsidence since the ex
istence of the lakes; if so, the disturbance has never been great. In 

soine cases, where the river 
either in ancient or modern 
times, has washed the foot 
of the mountains, the old 
trachytes have been re-

~ moved, exposing the gran
"' ites at the base. 

This basin is about fifty 
miles in length, with an 

!!:! average of five miles in 
: width. The lower thirty 

miles present the most 
~ remarkable system of ter
·E: races that I haYe ever seen. 
ll There are usually three of 
~ the terraces on e'ither side 
~ of the Madison, and locally 
-: they may be mcreased to 

. ~ six or eight. 'The great 
~ ~ feature in regard to them 
~ ~ is their persistency and 

-a uniformity, each terrace 
~ being at the same eleva
~ tion as the corresponding 
~ one on both sides. This is 
~ quite unusual. Generally, 

~ ·~ ti:Je terraces will be well 
~ displayed on one side of a 
':! stream and scarcely seen 
z on the opnosite side ; and, 
~ if they are shown on both 
~ sides, there is not neces
:: sarily the same elevation 
~ to corresponding terraces . 

. ~ The lake must have been 
% 5 drained through the Lower 

"" Canon very slowly. The 
~. general elevation of these 
12 terraces may he estimated, 
~ above the bed of the river, 
~ about as follows: First 

terrace, 10 feet; second 
terrace, 30 feet; third ter
race, 100 feet. '.Messrs . 

.;, Gannett and Brown made ;r 
quite au extensive series 
of observations with the 
barometer, and the results 
will be given in a subse
quent portion of this re
port. These terraces are 
well shown in Fig. 16. 

An interesting feature 
may b'e observ.ed in thi's 
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basin in the character of the bowlder-deposits. At the upper end of the 
basin the entire surface is paved -w-ith rounded masses of granite and 
basalt, some of great size; but as we descend they become smaller in size 
and less abundant, so that the lower portion of the basin reveals a con
siderable thickness of the light-gray marls and sands, which give evi
dence of having been deposited in comparatively quiet waters. So thick 
are the bowlders over the upper half of the basin that it can never be 
used except for grazing-purposes, while the lower half .is already occu
pied with fine farms. The rush of the waters through the Middle Canon 
must always have been very great, but their force almost entirely sub
sided before reaching the Lower Canon. 

Between the Madison Valley and that of Passamari Creek there is a 
long somewhat irregular range of mountain~:~, the geology of which I can 
present in this report only in general terms. Although the structure is 
comparatively simple, it would require long and faithful labor to work 
out all the details. The general elevation is not great, 7,000 to 8,000 
feet, and only two or three pea,ks rise up so as to be prominent, Pyroxene 
Peak and Old Baldy. As usu:-tl, the nucleus is composed of the various 
kinds of metamorphic strata, with effusions of igneous rocks, while the 
unchanged sedimentary strata, mostly the Paleozoic, are observed at 
all elevations resting on the granites. The evidences of erosion are 
more striking in this range than in the mountains between the Madison 
and the Gallatin, probably because their general elevation is at least 
1,500 to 2,000 feet lower, and they were much longer exposed to the 
wasting influences of the aqueous forces. Deep . canons are worn into 
the mountains on either side, and. the numbers of old. dry ra\iues or 
gorges are almost countless. Prior to the effusion of the igneous rocks 
ti.Je greater part of the erosion took place, though comparatively little bad. 
been done to produce the present configuration. The skeleton or frame
work was formed of the metamorphic rocks with the remnants of the 
Silurian and Carboniferous strata that were left after the vast work of 
erosion, which occurred prior to the outflow of the igneous rocks. In 
subsequent erosions the latter have protected the sedimentars beds over 
a great area, so that they are exposed in little patches everywhere, some
times on the summits of the mouutains or at all elevations in the ravines 
or caii.ons. Sometimes the igneous rocks have been worn away fr9m 
the surface for a considerable area, leaving a greater or less thiekness 
of the limestones. In some localities they present a great vertical 
thickness and then again thin out or disappear entirely. There is an 
intf'resting but obscure feature which is shown in the mountains on 
both sides of the Madison. There is, in restricted loca:lities, an enorm
ous <levelopment of a very hard gray quartzitic san<lstone, apparently 
partially metamorphosed. It evidently forms the underlying rocks of 
the sedimentary strata, resting on the strictly metamorphic gneiss. The 
various member~ of the survey have examined. it most carefully, but 
have never bee11 able to find any trace of organic life, yet it undoubtedly 
belongs to the oldest Silurian. It makes its appearance quite abruptly, 
with a thickness of 1,000 to 2,000 fePt, and as abruptly disappears or 
thins out. It is well shown in the lVli<ldle Canon of the Madison and in 
the lower part of the calion of the Gallatin, and is thinly represented. in 
several 0ther localities. We may say of all these different groups of 
strata that they appear at times in grand proportions, and are soon lost 
or are only thinly shown. Along the east side of the Gallatin River, 
above the Three Forks, at least 1,600 feet of shales, clays, sandstones, 
&c., which belong undoubtedly to the Potsdam group of the Lower 
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Silnrin,n, are clearly shown, and yet, at a. distance of thirty miles to the 
nortll ward, tllis entire group seems to be wauting. 

In tho report of the surv<~y of last season I described. the country 
about Virginia. City in ~rief terms, aud but little more can be auded 
from the e:x:arniuations of the present season. Alder Gulch is weU known 
to tho mining world .as oue of the richest placer-s ia the West. It is 
estimated th<tt about thirty millions of gold have been taken out of it. 
The bowlder-drift i~ a nwrked feature iu the gulch. Upon the sides of 
the hills patches of black basalt may be seen in considerable numbers, 
indicating the very latest period of eruption. The older trachytes also 
occur on both sides of the gulch, which ha\e been erupted at different 
periods and have overflowed the gneissic rocks. None oftbeigneous rocks 
obsen~ed by me, howm~er, 'vere old in a geological sense; noue that date 
back further than the Pliocene epoch. A mor~ careful scrutiny of the 
rocks might ha;ve resulted in detecting igneous rocks of different geolog
ical ages, but very few seem to date back beyond the Pliocene. It is 
not uncommon to find the basalts interstratitied with Cretaceous and 
Tertiary beds, but I do not think it follows that the eruption took place 
during these periods. In the higlr hlutl:' opposite the Mammotlt Hot 
Spriugs, on Gardiner's River, thick beds of basalt are exposed in the 
upper portion of the blu:ff of irregular extent. On the summit is a very 
thick bed lying across the upturned edges of the strata, and the line of 
contact is quite red, showing the influence of the melted laYa on the 
sedimentary strata immediately beneath. I am disposed to believe these 
short intercalated beds of basalt may have been of very modern origin. 

A.t the head of .Alder Gulch ther~ is a high wall of limestone of which 
Old Baldy is the highest point. The aggregate dip seems to be abont 
southeast 30° to 45°. The exposure is a fine one, with 1,200 to 1,500 
feet of vertical strata. The lower portions of the sedimentary beds are 
quartzose, sometimes pebbly, very hard, compact, gradun1'y passing up 
into limestones, which are also very hard and splintery, destitute of fos
sils. Dnt in the upper portion of both sides of Old Baldy the char
acteristic Oarbouiferous fossils are very abundant. ·I'hick beds of lime
stones are a simple aggregate of well-preserved fossils, and among these 
some Yery interesting crinoids. For a list of the fossils from this local
ity the reader is rererred to the catalogue of Mr. Meek. The high ridge 
or mountain-range of limestones, of \Yhich Old Baldy forms a part, trends 
off to the southwest, across the head of the Passamari, Black-Tail Deer, 
and Red Rock Creeks, to an unknown distance. These huge ridges, 
which extend in such Jong lines across the Northwest, are undoubtedly 
portions of grand anticlinals. It \dll prove a great source of pleasure 
at some future time to trace these great axes of elevation across the 
country and aggregate them into a symmetrical group. Until this is 
done it will bardly be possible for us to comprehend the correct topo-
graphy or geology of this region. _ 

We will return to the l\1adison Valley. That the period of the 
eruption of the igneous rocks began before the wountain-ranges had 
reached their present height and form is shown by the position 
of some of the ridges of trachyte that extend down the sides of the 
mountains into the valley on the west side of the Madison. The ridges 
of trachyte have been so eroded that the bluff-sides present a stratifie1 
appearance and the inclination is 50 to 10o, the beds passing from near 
the summit of the divide down beneath tlle superficial or lake deposits of 
the basin. As we descend the Madison the ra~ge of mountains on the 
west side is more purely metamorphic, few of the igneous rocks being 
observed, and no sedimentary at all. This continues near]~· to the Jefl:'-
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erson Fork, where the South Bo-wlder Range is cut off by a narrow 
"'yudiual which forms the \alley of the Jefferson. The limestones incline 
mvay from the north end of the South Bowlder Range, but the greater 
portion, including all the lofty peaks, is composed of granitic rocks. 

The diYidc which separates the basin which we have just described 
from the lower basin about the Tbree Forks is composed almost entirely 
of metamorphic strata. IIere and there we observe an outflow of igne
ous matter, but very seldom. In the ravines and depressions, as it were 
filling up the inequalities of the surface of the metamorphic rocks, are 
tlw lake-deposits, which sllow so clearly that at a modern period the 
1\Iadisou Basin was connected by water with the entire valley of the 
Tllree Forks, even far below their junction. As the waters subs~ed so 
as to expose tllis granite-divide, they gravitated toward that portion of 
the basin where they now flow through the granite-cafion. What caused 
the waters to wear out the present channel is not obvious at this time. 
The ridg·e or divide may have been lower at that point or there may 
have been a slight fissure which determined its choice. 

In following up the channels of some of the little streams that flow 
ont of the mountains on the east side of the :Madison, Dr. Peale and Mr. 
Holmes found tllat the strata were in\erted. In the calion of Jackass 
Creek all tlle beds, from the lowest Silurian to the Tertiary inclusive, 
"·ere inYerted so that the youngest Tertiary beds were at the bottom in 
order of superposition. For a more complete account of the geology of 
this region, as well as the Cherry Creek mines, the reader is referred to 
the report of Dr. Peale. 

CHAPTER I V. · 
l\1ADISON VALLEY- THREE FORKS- GALLATIN VALLEY 

AND CANON TO SOURUE OF HIVER- FROl\I TJIRBE FORKS 
TO HELENA. 

Just below the mouth of Elk Creek, the l\fadison Valley expands 
into an open basin with high, rather rounded hill& of the lake-deposits 
on t he east side about ten miles distant from the rim, while on the 
'-rest side are bluff-lands, cut by the river, exposing the strata clearly 
anu showing their horizontal position. I n none of the upper basins are 
t lle lake-deposits as well exposed, and the character of the se<.liments 
shows that they were deposited in comparatively quiet waters. The 
long point or tongue which extends down to the junction of the Forks, 
between the Mallison and the Galla tin, is composed of these deposits, 
a nd in the ravines1 which in some places cut deep into the ridge, large 
masses of very beautiful silicified wood are found. I have no doubt 
that bones might be found by diligent search ; for in the Jefferson 
Valley, in the same kind of deposits, I discovered the teeth and jaws of 
an Auchitherium, and a species of Helix. Of course these basins were 
all connected at one time far up the valley' of the Jefferson as well as 
the Gallatin, but during the gradual period of subsidence became dis
connected and ended in quite di~tinct lake-basins. The South Bowlder 
Range formed a shore-liue on the west side. The waters must have 
reached so high up on the sides that little more than the summits of 
the peaks were above the surface and tllerefore most of the ranges were 
then represented only by small islands. The .Madison and the Gallatin 
Ranges on the east were also shore-lines, but became more conspi8uous 
as the waters diminished; and while thin patches of the peculiar lake-

5 G S 
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ilep@sits are found high up on the mountain-sides, showing that at a 
very modern date the valleys of most of the streams must have been 
connected through the low passes, yet the principal sediments are in 
the lower basins. Indeed, I could imagine that the entire Northwest 
(and how much more of the country I cannot now positively deter
mine) presented much the appearctnce of the basin of Great Salt Lake, 
with the numerous mountain-ranges rising above the waters. Now, if 
we can imagine the entire area of the great basin between the Wah
satch Mountains and the Sierra Nevada covered with water to a ,height 
which it must have reached at a comparatively modern geological 
perioq_, the vast number of mountain-ranges of greater or less size 
which now exist within these limits would represent so many rocky 
islands in this vast inland sea. Here and there in the valleys of the 
J\Iadison, as well as the Gallatin, the older rocks are exposed beneath 
the lake-deposits, even where tile latter prevail. We can trace out with 
more detail the skeleton of the surface prior to the laying down of the 
lake-deposits. In the lower valleys it is quite rare to find rocks more 
modern than the Carbonif'ero~s, but the limestones and granites crop 
out oftentimes in the most unexpected places. The stripping away of 
the lake-deposits from the metamorphic rocks in the range through 
which the Lower Canon is formed has exposed a moderately rich min
ing district. There are a number of mines. which are wrought with 
success at this time, and on the whole the mining prospects of all this 
region are becoming better every year. The excellent reports of lVIr. 
R. vV. Ra,vmon<l, Commissioner of Mining Statistics, are so full in 
regard to the mines of Montana that I shall at present touch this· sub
ject very briefly. 

It is my intention to study ·an the mining districts of Montana at 
some future period with special reference to their geological rela
tions, carefully mapping the lodes, and endeavoring to study out if 
possible their natural histOQ'· I belieYe, that Montana is rich in 
valuable mines, an.d that, when railroad communication bas been 2stab
lished between it and the world at large, an impulse will be given to the 
mining interests of ~he Territory that will satisfy the most sanguine. 
It behooves the enterprising citizens not to let tile subject of railroad
communication rest from this time until it becomes an accomplislled fact. 
The world will then begin to appreciate the resources of the Territory, 
which, so far as I have examined it, surpasses any of the others in the West. 
The Oberry Creek Min-es occur in what has been called the .Madison 
range. The reader is referred to the report of Dr. Peale for such inform~
tion as he bas been able to secure in a trief visit to them. This mining
belt passes across the l\fadison by way of the Lower Canon, and extends 
to the South Bowlder :Mountains. Hundreds of ]odes have been opened, 
many of them worthless; but man~y others would doubtless prove valu
able if transportation and labor were not so costly and difficult to obtain in 
the country. The lodes are all found in the metamorphic strata, the age 
of which it would be difficult to decide. We only know that they form 
a vast thickness of ~tratified rocks with varied texture and composition. 
They seem here to have been subjected to considerable erosion after the 
limestones were washed away. These metamorphic strata underlie the 
entire country and appear everywhere where the unchanged beds have 
been worn away or when not concealed by the outflow of igneous 
matter. · The work of reducing these metamorphic strata to a system, 
and connecting them over extended areas, bas not yet been attempte<l, 
and it seems to me an almost hopeless as well as fruitless task. It will 
ue enough for the present generation, pAr haps~ if we are enabled tG work 
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out pretty clearly the story of the sedimentary formations of the West. 
Along the valley of the Madison below the mouth of Cherry Creek, 
there is a remarkable exhibition of the gneissic beds. For several 
miles the strata are exposed so that the succession is perfectly clear for 
thousands of feet in thickness. All the varieties of composition and the 
flexures in the bedding peculiar to mining-rocks are seen in perfection. 
Veins of feldspar and quartz extend across the bedding a foot or m<>re 
in thickness, evidently segregated in fissures like the mineral matter in 
a. lode. Masses of a very compact black hornblcndic gneiss, 4 to 6 feet. 
thick, and 8 to 10 feet long, lie between the strata as if they were old 
intrusions of trap. I Fig. 17 
Lave never seen a bet
ter opportunity for a 
detailed study of the 
gneissic rocks, for they 
are shown here in high 
yertical walls for six 
miles, inclining in the 
same direction 300 to 
500. The beautiful ex
amples of banded gneiss, 
as shown in Fig. 17, are 
not uncommon, and ex
cite much attention. I 
have used the term .. 
gneiss in its broadest 
sense, to signify granitic BANDED GNRiss 

rock composed of quartz, feldspar, and mica, arranged in well-de
fined strata, usually thin, but sometimes reaching a thickness of several 
feet. All the different forms which the metamorphic rocks ?.ssume are 
noted in the catalogue of Dr. Peale, appended to his report of this and last 
J;ear. In my report of last year I described quite minutely the basin 
of tile Three Forks. I then stated that the immediate valleys of the 
streams near the junction had been carYed out of the lake-deposits, and 
on either side of the Madison Valley, on the east ~ide of the Jefferson, 
and the west side of the Gallatin, the bluff's exposed fine sections of 
these modern beds. From the courses of these great streams the source 
of the waters during the lake-period might be read from the character 
of the sediments. We find that they must have rushed with great 
force along the Yalleys from the sources, after the impetus was gained 
through the Upper Canon, then through the Middle Canon, and begin
ning to lose a portion of this force anu moving along more quietly just 
before entering the Lower Canon, and when reaching the basin of the 
Three Forks, the water must have been as quiet as in ordinary fresh
water lakes of the present day. The indications of swift currents are 
not seen about the immediate sources of these streams, so that the sedi
ments of the geyser-ba~ins are comparatively fine, indicating moder
ately quiet waters. All the other rivers tell pretty much the same 
story. These sediments, made up al:i they are of the different kinds of 
rocks in the vicinity, are much mixed in their character. They are a 
mixture of clay, saud, and marl, in varied proportion. Sometimes thin 
indurated layers of clay will include several feet, then sand will pre
dominate or sandstones in thin beds, or sort of indurated yellow or 
cream-colored marl, anu then, perhaps, a bed of loose gravel or pud
ding-stone. There is a remarkable uniformity in the color and ehar
aeter of these sediments all over tho West, from our north line to 
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1\Ie:s.ico. I have estimated the aggregate thickness of these deposits 
in this lower basin at the present time at about 1,200 feet. Occupying 
the area that they do, we can thus see that they possess an importance 
which demands the notice of the geologist. Between the junction of 
the lHauison with the Jefferson and the mouth of the Gallatin, a dis
tance of about half a mile, there is on the south side a remnant of a 
limestone-ridge cut off by the Gallatin from the main mass below, 50 to 
100 feet high, and trending about northeast and southwest. Tllis is a 
somewhat peculiar remnant, but it aids much in reconstructing the 
former surface of the country prior to tlle great erosion. The 1\lissouri 
Hi \'er, immediately below the entrance of the Gallatin, passes through 
a sort of rift in the upturned ridge, the strata on eitller side incliuing 
in the same direction. How, in the changing of the channel of the 
riYer, this remnant was left, is not clear at this time. There are anum
ber of other remnants of the limestone scattered through the basin, 
which shows that it was originally scooped out of the series of ridges 
·which probably sent their sharp summits up a thousand feet or more 
abo\e the general leyel. All the limestones immediately about the 
junction of the Three Forks are of Carboniferous age, as the fossils 

Fig. r8. 
testi(y. But aboYe 
and below. the Silu
rian strata are re
markably well ex
posed. Below the 
Three Forks the 
structure, though 
simple in general 
terms as above, is 
very much compli
cated bv the chaotic 
condition in which 
the strata haYe been 
left after upheaval. 
There are a number 
of local s;ynclinals as 
well as anticlinals, 
but to work them out 

r-~~~~~5~~~7752,;o7~m;~r~~~~~-::1 in as great detail as 
I desired would re

L:..:.:..:.~.:,:..:.:.:.:........,;;:M~acJd6:~~~ll1z!&~:..:.:.::.:.;:.=.::.::.:.J quire more ti we than 
DIKE ON THE JIIISSOURI. we had at -sa.r dis-

A, Dike of basalt; n, Supposed continuation of dike-matter below posal. The Missouri 
th? surface; C, Underlyi~1g sedimentary beds, p_robably Pliocene; D, River below the june-
Pliocene beds somewhat disturbed by the protruswn of basalt. t• ' f th 'I·,h wn o e ree 
Forks, flows along a sort of rift in the ridges of limestone, though on 
the west side these ridges are worn across, so that the waters followed 
the intervening valley but a short distance. 

On the east side the waters run close up by high limestone-walls for 
about one-fourth of a mile, and then the valley expands a few hun
dred yards in width for about three miles and then closes again for 
a short distance, a mile or so, and then again expands to a width 
of three to five miles. These valleys are evidently worn out of the 
group of uplifted ridges, as is shown by the remnants here and there in 
the valley and in the bed of the river. On the east side, immediately 
below the entrance of the Gallatin, the river has worn a well-defined 
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terrace in the limestone for a half a mile below, forming a sort of con tin-
. nation of the isolated low ridge in the bottom just above the Gallatin. In 
tlle second expansion of the Yalley 
there is a broad bottom a bout two 
miles wide. On tlle east side of 
the \"alley are quite thick depos-
its of tlte Lake period cut up into 
ridges, which are weathered into 
architectural forms like wllat we 
have usually termed in the West, 
"bad lauds.l' The lower portion 
of these deposits is a kind of cal
careous t::;hale, passing by degrees 
into an indurated sandstone capped 
by a large tllickness of conglom
erate. This is made up to a grea.t 
extent of rounded masses of lime- -""' 
stone loosely held together by a g 
sand cement or with a ·whitish 8 ~ 
marly paste. In many localities -~ ~ 
in these deposits there are dikes ~ ~ 
of basalt which seem to have been ~.. ~ 
formed during the existence of the ~ (J) 

lake, and that tlle uasalt had been ~ s 
ex1>ose<.l by the wearing out of the ~ ~ 
ravines which have been cut into ~ ~ 
~~~~~~r::'3~~:.n (~~~~liJ~ a;o~ n':~~~ ~ ~ 
along the high mountains that ~ ~ 
border the ri ,-er, hundreds of deep g.. ;t: 

cuilons or gullies, from three to six ~ ; 
miles long, are carved deep into e. E 
the sides. The modern beds are ?;; l;;j 

(') 

nearly or quite horizontal, with no _R. s 
evidence of disturbance since their 2 :<: 

deposition, and they lap on to the 8' § 
much-tilted strata of the older ~ :j 

rocks. There are here, as near as ~ ~ 
I can estimate, about 2,000 feet of : 
more or less metamorphosed slates, [ g 
clays, antl qt1artzites of all textures s- ~ 
and colors, but mostly thinly lam- ~ 
ina ted. Much of it is \"ery slaty. 
Here and there a dike is seen which 
shows an effusion of melted matter 
at some period subsequent to the 
upheaval. No fos:::;ils coulcl be 
fouud, lmt I have no doubt that 
they belong to the Potsdam group, 
so well shown on the Gallatin, and, 
iudeed, the same beds are much 
more changed. As we ascend the 
lllotmtain the cmnpact gray lime
stones, which are also of tlle Silu-
rian age, are well developed and, 
abo,-e these lintestones, full of well
<lefiueu carl.wnifetous fo:::;~Sils. (Fig. 10.) How far to the northw:.tr<l these 
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Silurian l>eds extend I uo not know, but they were visible at least fifty 
miles below the junction of the Three Forks. It will at some future 
day be au interesting and profitable task to study the geolog,r of this 
region in detail. The few facts that I am able to present at this time 
may serve to call attention to it. Tllere is here the largest development 
of the Silurian strata I have ever seen in the West. They are, hoivever, 
only sllown over restricted areas. There seems to have been very little 
system in the upheaval of the rocks. Here and there they are brought 
to the surface. The lake-basin is about five miles long, and on an average 
two miles wide, and the aggregate thicknes8 of the modern deposits 
about 800 feet. 

On the west side of the Missouri, immediately below the Three Forks, 
there is a most interesting synclinal, which will be shown in the illustra
tion. The river, as it enters the canon at the Three Forks, may htwe 
started in a rift, but it seems to have immediately disregarded it and 
cut across the ridges, so that the channel now cuts diagonally across 
all the ridges of the Carboniferous series and a large portioR of the 
Jurassic within a distance of ten miles. The ruggedness of this region 
is very great, the little branches that flow from the hills on either side 
gashing deep cailons, exposing the strata in high walls on either side. 
By following one of these little streams from the main river up to the 
divide, we get a fair section of the strata. -About five miles below the 
Three Forks, on the west side, the .Jurassic ridges come in clot:ie to the 
river-side. In the ridges of limestone above this point is an abund
ance of characteristic Carboniferous fossils, so that we regard the age 
of these rocks settled. Above them comes a remarkable series of 
quartzites and sandstones, with intercalations of sal)dy clay. The lime
stones seem to pass gradually up into quartzites, so that the upper bedR 
are compact, brittle, gray quartzites. The want of contiuuit,y of the 
strata between the Jurassic series and the Carboniferous group below is 
shown in the absence, in most cases of some hundred feet, of strata 
which are well shown here. The first ridge of quarzite is abont 300 
feet thick, with a dip of 45°. In the lower part is an intrusive bed of 
igneous rock. The second ridge is a rusty-brown sandstone, with layers 
composed of fossils, mostly fragments, as Ostrea, and soroe beautiful but 
undescribed forms. The inclination of the strata is 350 to 400. There 
is in this ridge a remarkable intrusive bed of igneous rock, very irregu
lar in thickness and horizontal extent1 sometimes 50 to 100 feet thick, 
pinching out and then re-appearing in full force. Tile ca.lcareous sand
stones above and below are full of fossils, and do not seem to have been 
affected ·by contact. There is a kind of cleavage in the igneous rocks 
that gives to the entire mass the appearance of stratified rocks, but 
precisely opposite in inclination to the sedimentary bt-'ds which inclose 

·them. Then comes a series of beds weathering a dull, purplish color, 
composed of sandstones, quartzites, with loose clays and sllales, passing 
np into brown sandstones, then a bed of dark-browu quarzites. Then 
comes a series of layers of reddish-yellow sandstones of various tex
tures, with intercalations of arenaceous clay. Still farther above are a 
series of red and purplish clays with greenish-blue bands passing up 
into gray marls and arenaceous limestone. The aggregate thickness of 
the mass of Jurassic strata was estimated to l>e about 1,500 feet. The 
direction of the dip is about northwest. Then comes tt series of brown 
and rusty-yellow arenaceous clays and sandstones 500 to 800 feet in 
thickness, with an abundance of well-defined Cretaceous fossils. In 
the middle of the synclinal is a . limited thickness of the Coal strata, 
with layers of impure coal. At the junction of the two sides of the 
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synclinal the beds are much crushed, so that they are rendered 
yery obscure. On the opposite side we pass over the upturned 
edges of the same series, commenc-
ing with the Coal strata, but with ~ 
a reversed dip. The complete series 9 
has been tilted beyond a vertical, so 
that some of the. high ridges oflime
stone incline 45o, (Figs. 20 and 21.) 

X ear the upper portion of the 
Jurassic group there is a bed of gray 
limestone six feet thiJk, made up of "=;j 

an aggregate of small Gasteropod- _"=;j 

ous'shells. This bed is well exposed ~ 
in both. divisions of the synclinal. ~ 
Patches of the lake-deposits are ;:;· 
thinly scattered over the surface, t::l 

filling up the irregularities, occasion- _t::l 

ally showing a moderate thickness _g 
either of marls or conglomerates. As 0 

we pass up the Gallatin Valley from -0 "' 

its mouth we observe that the river ~ B 
flows along a high-bluff wall on the ~ ~ 
east side. There are several local g ;; 
sync1ina1s as well as auticlinals, but : ~ 
none of the Carboniferous beds seem '="~ 
to have beeu afieeted. In the low &s ~ 
bills east of the l'iver, about five miles ~~ "" 
tlllO\""e the mouth, is a sort of local ~~ ~ 
depression, in which are remnants ~5' ~ 
of the Jurassic group. As I have g [ ~ 
so often repeated in this report and ;.:.- § 
in my pre-vious reports, the evidence ~-..> : 
is continuallv shown that the forma- ~ S? ~ 
tions all originally extended over the s- . ;J 
country in a horizontal position at ~ ~ 
one period; that they have since ~ ~ 
been removed to a great extent by ~· :.~ 
ero ion, but here and there we find g 
indicatious of their former existence. 

"'"'0'·~·~· The section will show a most exten- ~ 
sive series of Carboniferous lime
stones rising gradually as we ascend _t;j 

the Gallatin. I described these beds ~ 
Somewb~tt in detail iu 1n~y report for ~ 
1871. The series of Carboniferous _? 
limestones is remarkably well ~
shown for a distance of about five ~ 
miles aboYe the mouth of the Gal- o 

latin. J nst opposite the grist-mill cr;3 

the very compact, brittle beds, whieh .g 
are supposed to be of Silurian age, _o 
come in, forming massive bluff-ex- H 

~ posures. Just beneath these mass- 2 
i w• beds of limestone is a series of §' 

~ ', 
loose, brown shales and clays with ', 

-..... _ 

tlliu laj'ers of impure limestone. In the shales are layers of lime 
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stone an inch or two in thickness, composed of trilobites mostly in 

·--,,~ 

'--~>-··-

a fragmentary condition, but with 
now and then a specimen so pre
served as to characterize it. There 
were great numbers and variety of 
'these old Silurian fossils, and they 
undoubtedly belong to the Potsdam 
group. The sections represented by 
Figs. 20, 21, and 22 are continuous and 
occupy adistanceof about thirty miles. 
The accompanying illustration will 

...; show the consecutive series of strata 
~ with their inclination. (Fig. 22.) The 

<B thickness of the entire series of 
'§ !.~ower Siluria-n strata here is esti
~ 
c:s mated at 1,600feet. The massive lime-
~- stones which I have referred to tbe 
·- Potsdam group are about 400 feet 
-~ thick, then gradually pass down into 
~ 50 feet of thinly-1aminate<1, cherty 

""'=>_ limestone or calcareous mud-layers, 
0 with abundant organic remains. 'fhen 
~- come layers of greenish sand and 
[ clays with shells and trilobites quite 
~ distinct from those above. Some of 
~ the layers of sandstone have small 
-;; rounded pebbles, though not prop
,g erly a conglomerate. Then comes a s purplish sandstone, and below these 
-! variegated shaly clays, yellow, green, 
~ &c., then bard, dull purphsh-brown 
§ quartzose sandstone, inclining· 45o, 

1;£ a.pparently metamorphosed in part, 
· ~ 80 feet. Then comes a grassy inter
:Jj val, and then a ridge of very compact 
~ brownish-gray quart7-ite, with irreg
~- ular layers of sandstone, inclining 
§ 450, Then alternate layers of"brown 
~ calcareous sandstone and yellowish
Jl brown shaly clays. Then drab-brown 
~ quartzites and black slates alternate, 

<8 150 feet. Then comes the steel-brown 
'§ quartzite, wbif~h has the appearance at. 
~ a little distance in the fracture of com
C.:. pact basalt, 100 feet. Then a series of 
<l1 black slates 150 feet tl.lick. Then 

comes a dark micaceous sandstone, 
alternating with calcareous slates or. 
shales, 300 to 500 feet in thickness. 
1'his last group of beds continues 
along the river in high bluff's fOr 
about five miles and preseuts a great 
variety of structure. ·In some in
stances the shales "Weather to a soft, 
;);ellow, chalky material, and remind 
one at a distance of the yellow-chalk 

beds of the l\fiddle Cretacp,oua. Then we llave a brown som'ew!Jat worn 
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sandstone, which has much the look 
quartzite. Then come one -----
or two rather thick beds of 
cherty limestone in the 
beds of shale, and in 
some instances immense 
rounded, flat concretions 
of cherty limestone several 
feet in diameter, but not 
more than 6 or 12 inches 
tlliek. So far as I could as
certain, these brown mi
caceous sandstones and 
shales continue down to 
the metamorphic rocks. In 
the interval between the 
Flat-Head Pass and the 
~lissouri Ri \Ter there are 
·several local anticlinals 
and synclinals, in which aU 
the series of rocks are ex
posed iu their order from 
the Lower Silurian to the 
Cretaceous, inclusive. Here 
and there are patches of 
igneous rocks which appear 
to have produced in some 
int-~tances these short auti
cliuals. Far up in tlle val
le:vs of all the little streams 
that flow iuto the Gallatin 
River may be seen the mod
ern dep~sits, which show 
the extent of the old-lake 
waters, and as they slo"~ly 
subsided the present drain-
age was marked out. It is 
by the stripping off of these 
modern beds that the posi
tion of1 he underlying strata 
i~ rendered apparent. In 
minutely describing the ge
ological features from point 
to point much repetition 
is necessary. There is a 
certain variety in the out
lines of the surface in differ
rent localities, even if the 
geological formations are 
the same or similar, and 
t.lle sbaues of difference 
strike the eye, but cannot 
always be expressed clearly 

Carboniferous I 1m c-

stone, with fos~ils. 

Red and green Fhales, 
· with fo~:;il:;, No. l. 

Pebbly limestone. 

.1\Iassive limeRtone. 

Sbaly Jime,tone, fos
sils J'o. 2. 

Green and black shales, 

with fos ils No.3. 

'inartzites. 

Iteddish 

Sand> tones. 

Alternations 

of 

Micaceous 

Sandatone3 

nnd 

Shales. 

Gallatin River. 

73 

fine 

in words. In the valleys 
of all the little streams that 
:flow into the Gallatin from 
tile Gallatin Range, tllere is a greater or less thickness of the lake .. 
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deposits, with here and there a large amount of modern drift. The 
surface is covered with water-worn bowlders, the retnains of the last 
acts in tqe drama. I have so often called attention to these very 
modern drift-deposits that it is only necessary to state that they 
cover the. entire surface of the country, except tlw summits of the high
est peaks .. The origin of the forces tllat trausported these bowlders 
and scattered them over the surface in this irregular manner will l>e 
discussed in another place. The details of the structnre of the Gallatin 
Range are numerous, and cou1d be best presented by an account of t.lte 
different routes traveled in exploring it~ , but I will only descrilJe the two 
sides in general terms. The range itself is probably a monoclinal, that is, 
it is an elevated ridge with the strata all inclining in the same direction, 
and the position of the opposite portion is not yet known with certainty. 
The older beds on the west sill~ have a markt.'d reversed dip, but the 
central beds of limestone are nearly \ertical, while the Jurassic, Cre
taceous, and Coal strata, inclining at various angles from 50 to 50o, 
gradually descend in step-like ridges from the summit of the range to 
Shields's River, eastward a distance of about fifteen or twenty miles. The 
aggregate inclination seems to be about northeast. Bridger Creek, near. 
the Union Pass, flows southward along the ea~t base of the main ridge 
for about ten miles, and bends around, wearing a very deep canon 
through the south end of the range through the limestones, and enters 
the East Gallatin about five miles below Bozeman. The Jurassic beds 
are crushed together in the uplift to such an extent that they are quite 
obscure, and do not appear to 10uch advantage, but in Union and Flat
Bead Passes theJr are much better exposed, but the Cretaceous and Coal 
groups are enormously developed, reaclling an aggregate thickness of 
more than 10,000 feet. B.v the Coal group I always mean the series of 
beds which are probal>ly Cretaceous in part, passing up into Lower Ter
tiary and containing the coal-beds of the West. Tlle axis of the Gal
latin Range is so mew hat zig-zag in its trend. The great mass of the 
mountain inclines eastward or northeastward, but bends abruptly west 
in two or three places, forming interestiug passes, as Union and Flat
Ilead Passes. The outcropping edges of the limestone-strata ha\Te 
been rounded off by atmospheric agencies, yet for a wide belt alongtlle 
Yery summit each layer ~s clearly shown, like irregular bands from one 
en<l of the range to the other, a distance of about twenty-five miles. 
Tlle higllest peak, which is nearly D,OOO feet, shows the upturned 
edges of the limestone-layers most clearly. As I have before remarked, 
the central mass and the highest portions are those whicl1 seem to have 
resisted erosion best. These l>eds are usually nePrly vertical in posi
tion, seldom inclining past a vertical, while tlle Silurian group bas a 
reversed inclination 1rom 50 to 150. On the west side of Union Pass 
the underlying grauttoid rocks are exposed, dipping in the opposite di
rection, as if in the uplift there bad been forces acting not only vertically 
but taugentially. TL!.e Silurian group is exposed on the foot-hills, vary
ing· from 800 to 1,200 feet in height from Bridger's Pass across to a 
point about five miles north of Flat-Head Pass, a distance of nearly 
twt>nty miles. The consecutiveness of the beds is much obscured by 
the great thickness of detritus and grass, but the rocks crop out all 
over the bills, so that they can be studied with confidt>nce. Then we 
know that they are only an extension southward of the same group of 
beds which is so admirably well shown along the Gallatin, and which bas 
been described iu a previous portion of this chapter. From the Mis
souri River southeast to the Yellowstone Hi\Qr, there is a series of 
l'ather low, broken ranges of mountain-ridges, of which the Gallatin 
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Range is the central and the largest one.' On the east side, between 
tl1e Ga11atin Range and the intermediate valley of Shield:s's River, there 
is a belt of country ten to fifteen miles in wi<lth, made up of Cretaceous 
and Tertiary beds, with an unusual somber-brown color, as if they had 
been affected more or less by heat. Here an<l there are indi<;ations of 
the effusion of basalt, usually in the form of a dike, withop.t genera11y 
affecting to any great extent the position of the sedimentary strata, but 
sometimes throwing them into various pm~itions. The highest hills are 
from 800 to 1,200 feet above the surrounding country, but descend west
ward in step-like ridges. The belt is exceedingly rugged from the nature 
of the upheaval, the beds having ueen lifted up·at var1ous elevations; but 
in addition they are cut down in every direction by the little streams 
that flow into Sllields's Riv-er on one side and into the Gallatin on the 
other. A large portion of this belt is covered with thick pines, with 
patchPs of aspen, and the remainder thickly grassed over, forming most 
excellent pasturage for stock of all kinds. In the valley of Shiclll:s's 
Hh·er are hundreds of excellent farms, which would long since have 
bet'n taken up by farmers had it not been for fear of hostile Indians. 

The Flat-Head Pass is tlle great thoroughfare for the Flat-IIead and 
Bannack Indians ou their wa:v to tlle buffalo-districts on the 1\Iusclc
sliell, Missouri, and Lower Yeilowstone. The hostile Sioux have made 
se\'eral raids through this pass into the Gallatin Valley, murdering the 
settlers and running off their stock. The illustrati,·e-section which was 
taken at Flat-Head Pass shows the situation of tile range with great 
clearness. ·Passing along tile west base of the range from Flat-Head 
Pass to Fort Ellis, we find the slope from the Gallatin River to the im
mediate foot of tlle mountains dotted with cultivated farms. Where the 
superficial deposits are cut through by tlle numerous small streams, a 
great thickness of the modern lake-deposits and drift is exposed. In 
some instances the modern beds are hardened into a calcareous saml
stone that is used for building purposes. These deposits jut up against 
tlle sides of the mountain in such a manner that the old shore-line is 
distinctly markeu. From Flat-Head Pass to Union Pass, a distance of 
about fifteen miles, the abrupt foot-hills are composed entirely of the 
Silurian group, lifted up in such a manner as to incline past a vertical. 
The character, as well as the order of superpo~ition of tlle beds, must 
be the same as of those noted along the Gallatin a few miles below, but tile 
hills are so covered. with detritus and grassed over that I found it im
possible to obtain a consecutiYe section. Nearly all the more compact 
strata crop out at different points, so that the principal beds were de- , 
tected. In Union Pass the streams have worn a passage through the 
range, so that the strata are well exposed, and we find here uuderneatll 
the Silurian group a granitic base, as shown in the section. In the mas
sive limestones of Union Pass, whicll are probably of tlle Potsdam epocll, 
there is a singular illustration of jointage, well silown in Fig. 23, which 
would at once arrest the attention of the geologist. At first, one 
would be much puzzled to determine the true stratification from the 
false. It forms a portion of Liberty Peak, which rises about 8,000 feet, 
and is probably due to partial metamorphic action. Tile granitic 
rocks continue to increase in thickness up to Bridger Calion, a distance 
of fifteen miles. liere there seems to have been a less powerful force 
exerted, so that only the limestones are exposed, and tile Cretaceous 
and Coal strata are found on the summits of the range. Bridger and 
Bozeman Passes are low depressions in the range. As we pass across 
the numerous branches of the Gallatin, as they emerge from the mount
ains, we see tile Carboniferous and Silurian lirnestoues inclining from 
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the sides of the lower hills and p~ssing under the valley. Here and 
there a high ridge is observed jutting up against the base of the mount
ains, a remnant of the lake-deposit which has escaped erosion. Tlte 
central portion of the range, in which the different branches of the East 

Gallatin have their Fig. 23 • 
.----------------------.. , origin, is composed 

mainly of basalt, ba-
saltic tuffs, and brec
cia. rr'llese bave beeu 
worn into the most 

. fanciful architectural 
forms. Mr. Jackson, 
the photographer of 

/i the survey, pene-
1 trated this. region for 

. : the first time last 
' summer, ~nd ob

tained from H some 
most marvelously 
beautiful views of the 

~~=-~~~--~ scenery. I don b t 
whetber there is a 

,____..__,_ __ , _ _,__, _ _,___,_____;_ _ __,_ _ __,____;:_,____:....__:.__. portion of the vV est 
DECEPTIVE WEATHERING, LIBERTY PEAK Where all t h e e l e-

A, True dip of beds. ments of landscape 
beauty are more happily combined. Palace Canon and Palace Butte are 
formed of stratified tuffs and breccia, and these palace-like forms are 
carved out of the solid beds by the slow process of erosion by water. In 
the canons, the limestone-strata frequently crop out from beneath 1,500 to 
2,000 feet in thickness of this volcanic material. The reader is referred 
to the report of Dr. Peale for the details of the geology of this most 
interesting· region. From the East Gallatin to the West Gallatin Calion 
there are perhaps fifteen or twenty little branches, ,each of which rises 
near the crest of the range and carves out a gorge from five to fifteen 
miles in length. Each of these canons would afford a grand study for 
the geologist as well as the photographer. But we could examine only 
a few of them. From the entrance of vVest Gallatin Canon the view 
down the va1ley cannot be surpassed for beauty in this land of pictur
esque scenery. The gently-rolling, grass-covered hills; the little streams 
meandering through tbem, fringed on either side with a thick growth of 
cottonwoods; the numerous farms, golden with their fields of wlleat; 
and over all, in the distance, that peculiar, soft, golden haze, which char
acterizes the autumn-days in this mountain-region, lends to the whole 
"'fision a cb~~rm that is long remembere<l. As the setting sun of autumn 
shines upon the valley and surrounding mountains, all objects seem to 
be invested with an unusual beauty, which remiuds one of the lines 
of the poet: 

And sweet, calm days, with golden haze, 
Melt down tll6 amber sky. 

The little side streams that come in from the mountains, and the 
Yarious main branches as they traverse the broad, grassy, rolli11g val
ley, with their fringes or belts of green cottonwood foliage, added much 
to the charming beauty of the scene. Then, hemming it in on every 
side, are :fine ranges of mountains, which now seem depressed into low 
passes or are isolated, then rise or swell into lofty peaks, which seem as 
it were to have been thrJ..1St up from the level pla,ins around. I..~ate in 
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the day the atmosphere appears unusually clear and transparent, and 
eYery peak and calion stands out in a relief so bold that one seems able 
to look in to the very recesses of these grand ranges. So close do they 
appear to tlw beholder, and so distinctly are the details brought out, 
that the~T seem to lose a portion of that dignity which arises from their 
grand loftiness. The mountains on the so 1th side of the valley from 
Spring Calion to the calion of the \Vest Gallatin are not very rugged, 
mHl are eo,Tered more or less with timber and a vast amount of super
ficial material, concealing the rocks, except iu the Yalleys of the streams. 
The va1less or gorges of nhe streams that issue from the mountains 
(1isc~ose the strata of Carboniferous and Silurian limestones, an(l, thougll 
thP beds are thrown into remarkable confusion, yet the general inclina
tion is evidently northeast. The great mass of the bowlders that are 
urongllt down the calions into the bottoms below is of igm'ous origin. 

In the morning tlw east ranges are usually covered ·with a smoky 
bazP. which makes them appear distant and indistinct, while tlle ranges 
opposite tllr sun are brought out witll a singular relief. In no couuiry 
a·re the varied phases of scenery better shown than in tllis. For tlle 
artist this country must open up a new world . 

'\Te will now ascend the Gallatin Calion to the source of the ri\er. 
This calion had never been explored l>y any scientific party previonsl )~~ 
and c\·en the settlers in the open valley below knew nothing about it. 
A few llardy miners bad ascended it in search of precious minerals. 
The Gallatin River seems as it \Vere to be crowded in between the two 
great rivers, the Yellowstone and the :l\Iadison, and it has therefore 
cut a continuous gorge through the rocks for more than seventy miles, 
with walls on e.itller side rising from 1,000 to 2,000 feet. As a geolog
ical section it has hardly a parallel in the "\Vest. On this account, as 
well as fi.'om the novelty of the region, I wish to describe the canon in 
detail. 

Just on the west side of the Gallatin, about half a mile below the 
calion, is a ridge of Pliocene sands and sandstones, inclining at a slight 
angle from a thin series of arenaceous limestones. Then comes a ridge 
or two of the older limestones, probably Silurian, inclining 10o. Then 
nnderneath, and farther up the canon, the reddish feldspatbic quar tz
i tes and other rocks apparently conforming at this locality. The river 
a t the mouth of tlJe calion is 100 to 1GO feet wide, and rolls swiftly over 
its rocky bed, with au average depth of 12 to 18 inches. There are 
well-marked terraces along the river, though not peculiar, like t hose on 
the Madison. At the lower portion of the canon the gneissic rocks are 
well exposed, the hill s on either side rising to a height of GOO to 1,000 
feet, with the strata nearly ver tical or inclining nor thwest. At first 
view the li mestones seem to conform with tlle granitic strata, but the 
former dip north east, the latter northwest, 500 to 8oo. The peculiar 
banded appearance of the gneiss is shown in a marked manner. 

About t hree miles up the canon, near the entrance of Spanish Creek, 
the Gallatin flows between uplifted ridges of limestone. The river 
flows nearly north, while the inclination of the limestone-beds is about 
northeast, and the channel is cut paTtly acro:ss the ridges and partly 
in the intervals between. So that on the east side the limestones pre
sent a remarkable wall of the outcropping edges of the strata, 1,000 to 
1,500 feet in height. In looking directly at the wall the strata seem 
nearly horizontal, but a side view shows the dip to be 150 to 25o, On 
the west side of the Gallatin the strata incline like a steep roof and the 
ridges of arenaceous limestone rise to a height of 1,800 to 2,500 feet, 
and are undoubtedly of Silurian age. ·Underneath the arenaceous 
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limestone on the west side of the river is a considerable thickness of 
the rusty-brown sandstones, pudding-stones, clays, &c., that charac
terize the Silurian near the Three Forks; but these beds are thinning 
out very rapidly in their southward extension. Spanish Creek flows 
into the Gallatin from the divide on the west side-, and nearly separates 
the unchanged strata above from the gneissic rock below. A few patcues 
of limestones occur here and there. In the limestones on the east si<le 
of tile Gallatin, great quantities of fossils occur, Productus semireticulatus, 
P. longispinus, Strophomena analoga, Hemipronetes crenistria,, an<l many 
otilers (see catalogue of 1\Ir. Meek) of Carboniferous age. On the west 
:::;ideoftheriver thelimestone-ridgessoon disappear and tile massive gran
itoid rocks appear, rising to an enormous height, covered with great quan
tities ofhugefragments. On the east side, the Carboniferous and Silurian 
be<ls extend up for about fi.\e miles, when they slowly disappear over the 
summits of the granitic mountains. At first the Carboniferous lime
stones extend down to the water's edge, but in ascending the ri\Ter the 
strata rise rapidly until the entire mass is exposed, resting upon the 
granitic group. Although there is no positive non-conformity between 
tiJ.e Carboniferous and Silurian, yet there appears to be a we11-define<l 
pbysicalline of separation. The Silurian limestones are more rnassiYe, 
bnttle, cilerty, and have an ancient look, while the Uarboniferous beds 
are more pure limestone, and with tilin, well-defined layers. These 
upper limestones also have a more _mo<lern appearance. The sides of 
tlJe mountains on both sides of the Ga1latin, from crest to crest, are 
wonderfully rugged and picturesque. The limestones are frequently 
weathered into the most peculiar columns, while the granites are worn 
iuto grand, castellated forms. The crest of the ranges on the entire 
uivide on the east side is composed of volcanic rock, while on the west 
siue the central mass is granitic, rising in high, sharp peaks, 10,000 to 
10,500 feet above the sea. Tile pines cover the sides of the mountains 
quite thickly in many places, sending their roots among the rocks 
where the descent is almost vertical. About ten mileS' above the 
entrance of the calion the granitic rocks rise to the surface on the east 
side of the Gallatin, anu extend ten miles up the river in full force oa 
both sides, rising quickly to a height of 2,000 to 2,500 feet above the 
bed of the river. At first, detached beds of limestone may be seen upon 
the high granite-walls, as they disappear upon the summits of the 
mountains. The little. streams, as they :flow down from the divides on 
either side, have cut fearful gorges through the grllnites. Tile narrow 
Yalley on both sides of t,he river is covered with immense rounded 
graBite-bowlders, rendering the traveling very difficult. For a dis
tance of ten miles we were obliged to travel with our pack-train Yery 
slowly and with great risk. In no part of the West Ilave we found a 
more difficult trail, and this may account for the fact that so few ver
sons have ascended the stream. As we crossed one of the little streams 
tllat fiow into the Gallatin from the west side, we observed that the 
water was very muddy. 1\ir. Sl0ane, a prospecter, who accompa11ie~l 
us for protection while he was searching· for mines, suspecting that 
somewhere near the head of the stream a fellow-miner bad found a good 
thing and was working it out, quietly followed the stream up to its 
source. He found near the heau that a few days before lightning l.wd 
struck the ground, plowing it up in long lines sometimes 100 yards 
or more and six feet in depth. The pines grew very thickly, but over 
an area 150 feet wide and about 600 yards long the trees were torn 
down and broken in pieces. Trees two and a half feet in diameter were 
broken off and were thrown several hundred yar<ls down the stream • 

• 
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As the water flowed over the brolwn ground it became muddy, and at 
its entrance into the Gallatin looked like tile water of a mining-gulch. 
A few dayR previously there was a terrific thunder-storm, accompanied 
by strong wind. 

About twenty miles up the canon the granitic rocks cease, and a re
markable ridge of limestones extends across the river with a trend about 
southeast and. northwest. On the east side of the river the sharp rhlges 
rise up to a height of 1,500 to 2,000 fee~ with an inclination of 5oo south
west. The sides as well as the summits of these ridges are remarkably 
rugged and jagged. A little stream comes into the Gallatin from the 
Sphynx, a high peak on the divide between the Gallatin and the 1\Iadi
son. This stream bas worn its rather wide grassy valley out of the soft 
ma,teria1s of the Jurassic beds, leaving the harder Carboniferous and 
Silurian lying against the sitles of the mountain-range like a huge wall, 
extending from Cinnabar Mountain northwest across the Gallatin and 
Madison Rivers. The Gallatin River cuts this ridge nearly at right 
angles. In the bed of a lit,tle stream on the west side several of the 
outcropping edges of the limestone-strata are seen which hav-e been 
worn down to the level of the valley. This group of sedimentary strata 
forms the south west portion of the anticlinal of which the group of lime
stones described a short distance above the entrance of the canon is the 
northeast portion. We see, therefore, that all these rivers, the ·Madison, 
Gallatin, and Yellowstone, have cut their channels directly through the 
range. Just above this range the valley expands to a mile in width, 
and the hills on either side are much broken and are so covered with tbe 
sedimentary beds that the granitic rocks are seldom seen. In the bot
tom is a group of springs flowing from beneath the limestones that are 
full of rank, algous vegetation. The temperature of the water is re
spectively 540, 56o, 55o, 540, 430, 440, These springs may once have 
been very bot, like those about the sources of the Madison. Warm 
springs are not uncommon at various points far down the valley of the 
Yellowstone as low as the month of Big Horn River. The Silurian and 
Carboniferous strata are the same as those noticed on the opposite side 
of the range. Conforming to the Carboniferous limestones, so far as can 
be detected by the eye, is a group of sandstones, arenaceous limestones, 
clays, &c., which are undoubtedly of Jurassic age. High up on the range 
on the east side of the Gallatin are patches of tlle Cretaceous and Uoal 
groups, as seen on the Yellowstone near Cinnabar Mountain. Above the 
granitic portion of the canon there is a marked depression on Loth sides of 
the Gallatin, and small streams flow into the river over the softer Jurassic 
beds. These beds incline at so great an angle for a distance of only about 
half a mile, when they abruptly become horizontal. In the elevation of 
the mountain-range in which the granitic nucleus bursts through the sedi
mentary mass, tipping oft' on either side the strata, the whole country 
was elevated to a greater or less extent. The central or granitic mass 
was raised up in the form of peaks from 9,500 to 10,500 feet above tide
water, and the sedimentary beds were broken off and lie on the sides of 
the granitic nucleus in a nearly V<'rtical position; while, a short distance 
above them, the crust was not so much affected ·by the force, the same 
beds, though they may have been elevated to a greater or less height in 
mass, still retain their horizontal position nearly. So we :find a group 
of brown sandstones, conglomerates or pudding-stones, and quartzites 
passing down into clays, sandstones, and arenaceous limestones. Some 
of the limestone-strata are made up of an aggregate of shells which ap
pear to be of the Jurassic age. We pass up the open \""alley of the 
Gallatin a distance of about four miles, with high walls of Jurassic 
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strata on either side, forming an aggregate of about 1,200 feet in thick
nes~. At the upper end of the little basin or open valley, theUarl>oniferous 
limestones rise up from beneath the Jurassic and soon form lligh verticat 
walls on both sides of the river. From this point to the source of the 
river, Carboniferous limestones prevail to a greater or less extent. For 
about fifteen miles the river has carved out a canon with tile nearly 
horizontal strata of limestones rising with vertical walls on either side 
800 to 1,200 feet. The inclination of the strata appears slight, not more 
than 1 o to 30. The limestones are :rnpstly in ratller thin layers, but some 
of them form massive beds. The entire group presents the usual ,-ariety 
of texture common to limestones of this age. The fossils are quite 
abundant, and all, so far as could be determined, of well-known Carbon
iferous types. This part of the calion is most picturesque; the high 
limestone-walls on either side are weathered into towers and Gotllic 
pinnacles and in some instances wonderfully grotesque forms. It would 
llardly be possible to find as complete a section of the strata anywhere 
in tile Northwest as is shown in this canon. 

For the entire distance of seventy miles the river has carved its chan
nel out of the solid mass, most of the way hemmed in with narrow ver
tical ·walls, but here and there expanding out a little with a narrow open 
basin, but soon closing up again. We can here obtain something like a 
correct estimate of the thickness of these groups of strata. I estimate 
the Jurassic group at 1,200 feet and the Carboniferous at 2,500 to 3,000, 
the Silurian group 800 to 1,000 feet. From time to time we see some 
irregularities in the strata, but these seem to arise from local influences. 
But at a point in the Gallatin Valley, about opposite Cinnabar .Mount
ain, the entire mass of sedimentary beds is again suddenly tilted at 
an angle 500 to 70o about west or southwest. The entire series of beds 
seems to be exposed here from the Silurian to the Coal group inclusive. 
The Jurassic group of beds inclines about 50°, but a little farther up on 
the west side of the Gallatin , and extending up toward the dtvide, are 
the Cretaceous and Tertiary (coal) groups, nearly in a horizontal posi
tion, capped with basaltic rocks. In this valley, from crest to crest of 
the divide, the strata have been thrown into the most chaotic positions. 
No system could be wrought out of the confusion. Sometimes the lower 
limestones capped the llighest hills and the youngest beds, as Cretaceous 
and Tertiary would be found nearly horizontal in the lowest valleys 
ou the divide between the Gallatin and Yellowstone. At one point we 
discovered a group of springs that deserves a notice here. These spr ings 
gush out of the side of the mountain from the limestones about 100 feet 
above the river, and in the aggregate form quite a stream of water. 
Great quantities of Calcareou~:; tufa surround the springs, and the vege
tation is remarkably luxuriant. Helices are scat tered thickly for some 
distance in every direction, sometimes giving the surface a snow-white 
appearance in the distance. These land-shells occur in greater or less 
ab undance among the limestones. The river is now fed almost entirely 
by springs which issue from beneath the limestone-strata which prevail 
everywhere. The Jurassic, Cretaceous, and Tertiary occur only in iso
lated patches. As we continue on up the valley we find it sufficiently 
open for good roads, sometimes extending out one-fourth to one-half a 
mile in width. Grass is good, and in many places quite wide ravines 
extend down from the divide on either side that have excellent grass. 
For this reason this valley, or canon, as it might be called, has been in 
times past a great resort for Indians. Traces of the camps are seen 
eyerywhere. The high walls that hem it in on either side furnished a 
protection, not only from their enemies, but from high winds and severe 
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cold. A tribe could remain here an entire season well protected, while 
tile young men could go out on either side among the mountains in 
search of game. At oue point great quantities of dry pines have been 
washed down from the mountain-side as if by a sort of local flood. The 
fires frequently run over the mountnins, killing the green pines, so that 
soon after they fall down covering the ground. Here they had accumu
lated in immense piles, and the Indians had at some period employed 
them in building fortifications for themselves and their animals, as pro-
tection from their enemies. . 

The well-known Bannock trail passes by this valley. Near the forks 
of the Gallatin some igneous rocks rise up from beneath the limestones 
200 to 600 feet high. They are exposed for a mile or more, and appear to 
be the same as those composing the dike in the Devil's Slide on tile Yel
lowRtone. The limestones baYe been pushed up, as it were, so tilat they 
incline from either side, passing down beneath the general level from 
the igneous exposure. Several quite large streams come in on either 
side to form the Gallatin, each cutting a deep gorge through the rocks 
from the crest to the river-bed. The main branch rises at the foot of 
l\Iount Gallatin. A dome-sb~ped peak, wllich O\~erlooks the valleys 
of the Yellowstone and Gallatin, is one of the fiuest mountains in the 
range, and commands a most extended view iu every direction. Tlle 
torces seem to have operated with great irregularity, breaking the lime
stone-crust in every di.rection and producing chaos. Sometimes a great 
thickness of the beds is found in tlJe lower valleys in a nearly ·horizontal 
position; again they cap the highest mountains, either inclining a.t a 
greater or less angle from the sides or lifted up bodily to tbe summit. 
\Ve ha\e thus attempted to describe in some detail the geological strnc
ture. of this remarkable valley. No man llad ever looked upon it before 
with the eye of the geologist, and very few persons bad ever visited it 
for anJ' purpose. The topography was entirely new. In a subsequent 
report, when we have to present a general view of the geology of the 
Northwest, we .hope to make the subject still clearer by meaus of the 
beautiful iHustrative-section taken by the artist of the expedition, l\lr. 
Holmes. 

We will now return to the Three Forks and record the few hasty 
notes taken on our returu homeward b,y wa~T of Helena. It is not pos
sible to do justice to the geology of this most interesting region now, 
but at some future time we hope to return to this work again. 

I have already described briefly the geological features of the country 
about the Three Forks. The interesting synclinal shown in the cut 
extended toward the north west. The stage-road to Helena passes 
along the northwest end, so that we could see the relations of the sedi
mentary l>eds to the underlyiug granites. We thus ascertained, what 
we had previously suspected, that the errtire series of beds bad been 
lifted up in such a way that they now all inclined more or less past a 
-vertical, varying from 200 to 450, On the west side of this ridge the 
granitic rocks rise up from beneath the Silurian beds over a broad area. 
Many of them are much rounded from having formed the bottom of the 
old Pliocene lake. The irregularities of the surface are now filled up 
with these lake-deposits. Passing beyond tlle ridge north ward toward 
Helena, we come to the broad valley of Crow Creek, about twelve miles 
wide, a stream which flows into tbe Missouri from the west. The area 
which forms the drainage of this creek is underlaid with grauHic rocks, 
and rich p lacer-mines are wrought in the gulches of the small branches. 
Radersburgh was founded on the discover.)· of the placer-mines, and is 
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still sustained more or less by them. The limestone-ridges, which can 
be seen on either sitle of this broad valley, are only remnants of what 
must once have extended over a large area of country. In the ridge 
west of the town of Radersburgh the lower strata are inverted, inclining 
past a vertical 450, while the Carboniferous limestones stand nearly 
vertical, though the quartzites and red sandstones of the Jurassic are 
either vertical or incline past 5°. Tllese red Jurassic beds I think are 
the same as those shown along the banks of the Missouri, at the Great 
Falls. The thickness of -these beds is greatly increased as we proceed 
northward, and at this point must be 1,000 to 1,500 feet thick. The 
sedimentary beds extend to Indian Creek, and then suddenly dh;appear, 
and then along the flanks of the mountains on the west side of ·tlw road 
only a great thickness of drift-material is seen. The little streams, 
which have worn deep gulches into the mountain-'sides, haYe also worn 
channels through the drift, exposing its thickness and character very 
clearl;y. 

The placer-mines are very extensive. Some valuable silver-mines 
haYe been discovered in the mountains. The Missouri Valley here 
is about twenty to twenty-five miles in width, with high ranges of 
mountains on both sides. From Radersburgh the road passes over the 
vertical edges of the dull, purplish Jurassic beds for twelve miles, to 
Indian Creek. The drift is made up of rounded bowlders mostly, and 
must be 300 to 500 feet tllick. Extending eastward toward the l\Iis
souri, in the belt of sedimentary beds between Radersburgh aHd Indian 
Creek, may be seen a rather level, rounded, cretaceous hill, so grassed 
over that few ont-croppings could be observed. I bad very little 
opportunity of examining the rocks about Helena, but believe that they 
are mostly granitic, capped here and there with strata of the Silurian 
age. It is also probable that there are remnants of Carboniferous beds 
in some places in the vicinity. 

In passing along the stage-road a little west of south from Helena to 
the valley of the Jefferson Fork, a few patch~s of the older Silurian 
beds are seen, while among the low hills the lake-depo~its show that the 
entire country was a vast fresh-water lake at a comparatively modern 
period. The high hills on either side of the road are weathered into 
curiously rounded forms and covered with gra~s. Prickly Pear Canon 
is a remarkable district for placer-mines. Water seems to be abundant. 
The rocks are mostly rusty-brown gneisses, weathering into forms much 
like those in the Laramie Range near Sherman, Union Pacific Railroad. 
These granitic rocks extend to the source of Prickly Pear Creek, 
and the high hills on either side are covered thickly with pines . . Jef
ferson City is located among the reddish-granitic hills. From the bead 
of Prickly Pear Ureek we crossed the divide to the valley of North 
Bowlder, and in the valley on either side the massive granites rise in 
low, singularly-shaped columns, piles, &c., giving to the region the ap
pearance of old ruins. vVherever gold-mines are found, whether in the 
lodes or gulcbe::;, we may be assured that the gneissic rocks are exposed. 

We have up to this time been able to do little more than make a recon
naissance of one of the most interesting and instructive portions of the 
West, in a geological point of view. The reports of·tbe surveys for 1871 
and 187~ can certainly claim to be valuable contributions toward the 
geology of Montana and Idaho, and at some future period, when the coun
try has become more easily accessible, the work may be resumed and 
carried on to completion. 

We have thus far attempted to describe briefly the main geological 
features of the district explored by the party during the past season. 
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Nowhere in l\fontana have I found the anticlinal folds or the synclmal 
valleys so distinctly defined as in the interior basin of Utah. Still, 
there are frequent local synclinals and anticlinals, as we find them 
developed below the Three Forks. The prominent features, however, are 
the widely-extended areas of elevation, though a single anticlinal may 
embrace several apparently distiuct ranges of mountains. The operations 
of the survey during the past season more strongly convince me of the 
pm;ition that I have so ·often taken in my reports, of the originally wide
extended and continuous character of the entire group of sedimentary 
strata; that where that continuity is broken it is the result of upheaval 
attended with erosion. It is possible that the later Tertiary group may 
not haYe l>een continuous, but existed in basins. But from the Silurian 
to the Upper Lignite group, inclusi\e, a tllickness of 10,000 to 15,000 
feet extended, in an unbroken, horizontal mass, over nearly or quite the 
entire area of l\1ontaua, and probably much more widely; and that 
what we find remaining at the present time are only remnants of this 
vast mass. Occasionally the entire series of formations is exposed, as 
in the East Gallatin Range, where for twenty miles, on a line from east 
to west, the entire series of sedimentary strata may be seen from the 
Silurian to the top of the Lignite group in consecutive order. (See Fig. 24.) 
The groups of limestones and other rocks, as we see them inclining from 
the Yellowstone Range, in the Yellowstone Valley, show that they once ex
tended uninterruptedly over the entire area, where now mountain-peaks 
rise amid perpetual snows, 11,000 feet above the sea. The Silurian group 
increases in importance as we proceed northward from the Three Forks, 
and southward from that point it diminishes in thickness and changes 
very much its mineral texture. Toward the south we find little of 
the thin sbaly and mud layers with tile variegated sandstone, but in 
their stead, a quartzite passing up into a \ery hard, brittle limestone. 
Still, we believe that this group in some form .and with greater or less 
thickness underlies the greater part of the Rocky Mountain region. 
About the Black Hills of Bakota and the Big Horn Range, the Potsdam 
group presents a different mineral structure from the rocks of the satme 
age about the sources of the .Missouri. 

The Carboniferous group, like most sea-deposited rocks, is very widely 
distributed. It is probable that it will eventually appear that this 
group of beds, as it is known, west of the .Mississippi will be found to 
cover a wider extent of territory and to maintain a more uniformly 
similar mineral texture than any other formation in the scale. By 
reference to the list of fossils prepared for this report by 1\lr. :Meek, it 
will be seen that, even in . the most widely-separated localities~ there 
is a similarity or identity in the organic remains. Old Baldy, at tile 
bead of Alder Gulch, form~:; a portion of a limestone-ridge in which the. 
series of beds is shown with a vertieal thickness of 1,000 to 2,000 
feet and extends ·Off to the southwest, giving origin to the Stinking 
Water, Black Tail Deer Creek, Hed Hock Creek, and many otbers. 
These beds have a general dip to the southeast. We believe also that 
the Jurassie and Cretaceous group had a -very wide extension, though 
perhaps not as great as tllat of tlle older formations. They have been 
more extensively worn away so that at the present time they occue in 
fragment~:; among the upheq,ved mountain-ridges and covering restricted 
areas. So fa.r as the position of the sedimentary rocks is concerned, 
t.he,y may occur at any elm~atiou. The beds may pass under the lowest 
valleys or be found capping the gneissic rocks upon tile summit of the 
highest mountains. This is certainly not due to any inequality of the 
surface of the gneissic rock prior to the deposition of the succeeding 
beds, but unquestionably to upheaval. 
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There is one feature in the geological structure of the mountains 

Terraces. 

Micaceous ·sandstones. 

Gray limestone, with 
trilobttes. 

SILURIAN. 

Blue limestone. 

Whitish limestone, 
with spirifer, pro· 
ductus, and corals. 

C:ARRONIFEROUS, 

Gray limestones. 

Sandstones, with os· 
trea, trigonia, ·riJ.o· 
ceramus, etc. . · 

of ~ontan~; observed 
by the survey of ·the 
past seasons for the first 
time ~nd not noticed in 
such a marked degree 
in . any other portion of 
the West, and that is 
the inversion of the sed
imentary beds, so that 
the oldest incline at a 
greater or less angle on 
those of more modern 
ages. This phenomenon 
occurs at a nun1ber of 
places, but the most 
marked are in the mid
dle canon of the Madi
son, at the head of 
Jackass Creek, and in 
the East Gallatin range. 
Several illustrations 
are given in this report 
which will render this 
matter clear. The fol
lowing illustration rep
resents a section from 
east to west through 
theEastGallatin range. 
(Fig. 24.) The Silurian 
strata ineline past a 
vedical30° to 50°. The 
een tral portions of the 
range are Carbonifer
ous lin1estones and are 
nearly or quite vertical, 
while eastward the Ju
rassic, Cretaceous, and 
lignitic st.rata incline 
at various angles and 
pass down in step-like 
ridges to the va1ley of 
Sl.Jields's River, as they 
were gradually elevated 
by the uplift of the 
range. We will not 
enter into a discussion 
here of the origin of 
the forces that brought 
about these results, but 
it would appear that 
there were two in ope-

l ~ ~- ration, one which raised 
~~-- ~ the mass vertically, and 

· a side or tangential 
force which crowded the Silurian beds over past a vertical. In some 



GEOLOGICAL SURVEY· OF THE TERRITORIES. 85 

instances all the beds are inverted from the Silurian to the lignite 
inclusive. . 

Another interesting point I haYe reserYe<l for discussion at a more 
favorable t,ime is the formation of canons and valleys of the rivers, 
wllich enter into the scenery of the country as a most conspicuous fea
ture. Tlle fact that the streams seem to have cut their way directly 
through mountain-ranges, instead of followi1fg · synclinal depressions, 
indicates that they began the process of erosion at the time of the com
mencement of the elevation of. the surface. · This is shown all along 
the valley of tlle Yellowstone, and more conspicuously in the valleys 
of the :1\-ladison and Gallatin, which have carved immense canons or 
gorges directly through two of the loftiest ranges of mountains in 1\-Ion
ta.na. We believe that the course of these streams was marked out at 
or near the close of the Cretaceous period, and as the ranges of moun
tains were in process of elf1vation to their present height tlle erosion of 
the channels continued. The details of the observations which con
tribute to form this opinion would occupy a chapter or two. 

The superficial or drift deposits which some times attain a great thick
ness are regarded as of local origin. As I haye so often stated in my 
pre\Tious reports, I have ne-ver been able to find any evidence in th 
Rocky 1\'Iountain region of what is usually termed a northQrn drift. 
There are many other points of great interest which, if time and oppor
tunity occur in the years that are to come, we hope to treat as exllaust
iYely as our observations will permit, and we regret that we h~ve not 
been alJle to make more than a passing allusion to them in this report. 

The brief report of Ron. N. P. Langford, superintendent of the Yel
Jowsto~e National Park, who accompanied the Snake l{iver division, 
will be read with great interest for its practical character. The thanks 
of the survey are extended to him, not only for the interesting and Yal
uable report, lJut also for the great services he rendered the party while 
on the route. The remarkable feat of :Messrs. Stevenson and Langford 
in ascending the Grand Teton, which will soon lJecome familiar to tlle 
reading public through the pages of Scribner's Monthly, will always 
invest this region with an interest second only to the wonders of the 
National Park. 

I bad expected a -valuable report from Mr. William Blackmore, who 
accompanied. the survey for several weeks a~ a guest. The survey is 
under many obligations for most \aluable services from this very liberal 
and intelligent gentleman, and it is proud to regard him as one of its 
fonr honorary members. It is probably due to Mr. Blackmore's absence 
in Europe that we are deprived of his valuable views in regard to the 
Jaying out of the park. 

I would also call attention to the report of Mr. Hering, which we hope 
will be useful to railroad-men as well as to the general public. 
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REPORT OF N. P. LANGFORD 0~ THE RESOURCES OF 
SNAKE RIVER VALLEY. 

DEAR SIR: In compliance with your request, I herewith submit for 
your use a connected report of the ob::;ervations I was enabled to make 
while accompanying that portion of the geological survey under the 
superintendence of Mr. James Ste\ensou, from Fort Hall, Idaho, to the 
Geyser Basin, Fire-Bole River, and thence down the Yellowstone and 
on to the Three Forks of the Missouri. The only knowledge t.bat could 
be obtained of the country through which we \\ere to pass was derived 
from old trappers, and such accounts as, upon the faith of his informants, 
Mr. Irving had incorporated in his interesting volumes of Astoria and 
Bonneville's Adventures, neither of them very flattering pictures. 

One grand object of the survey, next to a topographical description 
of the country, was to ascertain its adaptability for wagon-road and 
railroad improvements and its industrial resources. If it could be made 
accessible by these means, it would present a new, practicable, and 
much shorter route for travel from the Union and Central Pacific Rail
roads to the settled portions of JYiontana Territory and to the grea~ 
wonders of the Upper Yellowstone; and it was especially with a view 
to determine this question that I noted the general appearance and 
character of the country. 

To any one who has ever read in the writings of Mr. Irving the 
various descriptions of the Upper Valley of Snake River, the idea of 
penetrating it by a railroad would seem ludicrous in the extreme; but 
in these days, when railroads go everywhere that civilization goes, we 
may venture tlie confident assertion that the day is not far distant 
when the obstructions of tllis hitherto unpromising region will be wholly 
subdued by them. 

On that part of our route lying between Fort Hall and the North 
Fork of Snake River, the country is in a great measure barren, being, 
for most of the distance, a sandy plain. There are a few rocky eminen
ces between Snake River Bridge and the North Fork of the river; none, 
however, which would require a grade of over 50 feet to the mile or 
any great deviation from an air-line. Any road along this part of the 
route would follow the general course of the river, crossing its mean
ders, which are neither numerous nor large. Much of the Upper Valley 
of Snake River presents on either shore a level table of trap-rock, 
which could be utilized as a road-bed with great advantage. The most 
difficult part of the entire route, as I conceive, would be between 
l\1arket Lake and the mouth of theN orth Fork. Our party deflected on 
this route from a direct course of travel so as to visit the Three Tetons, 
the famous mountain land-marks of Snake River Valley. This journey 
took us some twenty-two miles out of our course. Soon after crossing 
the North Fork, we began to meet with evidences of a more promising 
country. Bunch-grass was found in the richest profusion, and after a 
few days' travel we entered the Teton Basin, which lay spread out 
before us like the land which Lot saw when be parted from Abraham. 
This basin is more than eight hundred square miles in extent, is cov
ered with perennial grasses, well watered by large streams fringed with 
an abundant growth of cottonwood, furnishing sufficient timber for all 
the practical purposes of life, while the adjacent mountains are covered 
with tall pines, furnishing the finest timber in the world. The soil, 
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receiving its nutrition from the detritus washed down from the mountains 
and from the deposits of frequent overflows, is rich, deep, and strong, 
yielding readily to culture. Ample facilities for irrigation are afforded 
by the river and small streams that feed it. There is not a finer stock 
raising region on the continent. Favored in its locat.ion with a dry, 
pure atmosphere, rain occurring only for a few days in the spring, snow 
seldom falling in the valley of sufficient depth to bury the herbage, and 
the weather, with the exception of an occasional day in winter, never 
so cold as to render a shelter necessary for ce:ttt.le, it seemed to us to 
unite more of the needful elements for successful stock-raising than 
any other equal portion of the mountain-region. My opinion in this 
respect hau been fully realized by the experience of cattle and sheep 
raisers in like regions of 1\lontana, who upon these extensive valley 
ranges, which afford constant and abundant food both winter and sum
mer, producing beef and mutton equal in fatness and superior iu flavor 
to the best stall-fed meats of Illinois, have found the country peculiarly 
faYorable to the increase of their flocks and herds. Heifers gh'e birth 
to young ofteuer at the age of fifteen to eighteen months than at any 
later period. Frequently tl1ose of more mature age produce twins, and 
with many flocks of ewes a single lamb at a birth is an exception to 
tlle common experience. Disease of any kind is unknown amoug cattle 
and sheep, and it is only when tlle.snows are vers deep and the weather 
Yery cold .that they suffer from exposure. With ordinary care and pro
vision tllis exigency could be easily anticipated. In addition to the 
Teton Basin, there is enough of the Territory which we passed through 
that is thus favored to feed millions of cattle and sheep for all time to come. 

Nature has furnished this far-away region with a valley and river sys
tem peculiarly adapted to its isolated geographical position, and 'Yith
out which, even in its present form, it would be comparately valueless. 
Cast your eye upon the map at the junction of the three streams whieh 
form the Missouri, the Jefferson, Madison, and Gallatin. Each of these 
rh·ers, divided from the others by loity mountain-ranges, flows through 
a broad and fertile valley of great extent and beauty. These valleys are 
from sixty to eighty miles in length, with an average width of ten 1uiles. 
The Gallatin is the largest and most picturesque, and, perhaps, the best 
adapted of tlle three to all the purposes of culture. Tlle river, which 
from its source to its mouth is a co11tinuous torrent, divides tlle Yalley 
centrally, and furnishes, by its deposits, a blaek soil of a mile in width 
on either side, which is covered tor the most part with a dense, heaYy 
growth of cottonwood, sufficient for all the purposes of fencing and fuel 
for many years to come. Outside of this continuous grove of cotton
wood, the valley spreads away on eitller side of the river a distance of 
six or eight miles, to the low grass-covered foot-hills, which in their turn 
extend to the base of parallel ranges of lofty mountains. Every foot 
of the land thus inclosed, embraciug a territory nearly as large as Ver
mont, affords in its natural condition the richest pasturage in the world. 
By tbe simple cultivation of the plow and harrow, it ·can, in a single sea
son, be converted into a wheat-field which will yield an average crop of 
forty bushels to the acre. Crops of vegetables raised in this soil will 
average, in size, one-third more and some-cabbages, turnips, and 
especially beets-2ne-balf more than the best ruot-crops of the vVestern 
States. I have n~ver seen such abundant and perfect crops of wheat, 
oats, barley, potatoes, an<l a.U vegetables, as ~uc commonly raised in 
these valleys. Indian corn, unless of tile small flint variety, is an un
certain crop, on account. of the early fl'o~ts, and but very little has yet 
been raised for barvestiDg. 
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The climate of these valleys is very dry, no rain of any consequence 
falling during the summer months, but this want is supplied by a 
cheap and simple process of irrigation, under which, from the fact that 
water can be supplied in abundance whenever it is needed, crops thrive 
much better, are much larger, and more perfect than when they are de
pending upon the uncertain, capricious, and often untimely visits of rain. 
Ditches for irrigating purposes are either connected with the river or 
some of the mountain-streams that feed it, and are extended through 
contiguous ranches by farmers, who make of them a joint-stock pro-

• perty. The two enemies which have been most dreaded by the farmer 
thus far are the grasshopper aud early frost. The first of. these llas now 
disappeared; the latter is overcome by early sowing and planting; and 
the wheat-crop is now regarded as more certain in these valleys than in 
any of the States. It is also, as a general thing, from twice to three 
times more abundant. But few experiments have yet ueen made in fruit
raising, bnt the prospect for the snccQssful culture of the hardy varie
ties of apples and pears is very good. 

What I have here said of the valley of the Gallatin is true of all the 
valleys embraced within the limi.ts of the summer's explorations. 

At the agricultural fair held 'in Helena in September last, the exhi
bition of farm-products from these valleys would ha,ve been 'creditable 
to a much older community, and the stock, mostly of our own native 
variety, would have put to shame mauy similar exhibitions in the best 
of our stock-raising States. T!Jere is not one-tenth part of the arable 
lands of these va.Ueys yet occupied, though the development of their 
productive qualities during the past two :years has turned the attention 
of many of the inhabitants engaged in other pursuits to that of agricul
ture. 

There is another resource to which I have barely alluded, which, for 
years to come, must render this region a desirable locality for a large 
class of producers. I mean its faeilities for stock-raising. It is covered· 
with the richest pasturage in tbe world. The bunch and buffalo grasses 
of the plains and mountain-regions, unlike the tame grasses of the 
States, are perennial. At the earliest approach of spring, and before 
the snow bas left the hills, they begin to appear fresh and green. The 
spring rains, which, though of brief duration, are in many localities pro
fuse, give them strength and expansion and they retain tlleir verdure 
through the beat of midsummer. The dryness of tlle season prevents 
their decay, and the heat of the sun gradually cures them in the blade, 
so that they retain all the nourishment in the dried stalk and leaf of 
the best-preserved hay. They continue in this condition throughout 
the winter, and, at all times, except when storms are excessive or snows 
are very deep-not common occurrences in the yalJeys-tbe cattle feed 
upon them and grow fat through all the cold months. }:1-,armers and 
owners of large herds of cattle, who put up bay as a precautionary 
measure, seldom have occasion to use it at all, and never unless an exi
gency like that I have just mentioned occurs. In the spring the green 
blade shoots out from the root of the previous year, imparting renewed 
life to the entire herbage of the valleys and adjacent foot-hilJs. With 
the exception of the mountain-ranges, which are either bare rocks or 
covered with pines, the surface is one entire past~·e. No country in 
the world affords superior facilities, uniting convenience with economy, 
to stock-raisers. The meats perfected. on these grasses are extremely 
fat and succulent and of rich flavor. The products of the dairy are 
proportionably larger, and the ranchman who owns a dozen good cows in 
the vicinity of any of the larger towns has in his possession the 
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elements of a comfortable present subsistence and of a certain fortune 
in the future. Milk, butter, and cheese command a ready sale, at high 
prices. Already numerous :flocks and herds are to be seen in these val
leys, and those who, but five or six years ago, engaged in the business 
of stock-raising, with a dozen cows, are now the owners of herds num
bering hundreds. 

There are large bodies of land in the Teton Basin, and in the valleys 
along the streams flowing into Snake Hiver, which may be profitably 
cultivated with wheat and vegetables. Water for irrigation in abund
ance, flowing from the surrounding mountains, may be cheaply and 
easily utilized. A railroad along the north fork of the Snake would 
pass within ten miles of this basin, and the route for this distance could 
be readily improved by a wagon-road. The foot-hills and mountains 
surrounding the Yalley are eovered with dense forests of pine. Lum
bering must ultimately become a very extensive and profitable brancll 
of business over nearl.v all parts of the route from Market Lake to the 
Yellowstone. The streams are very numerous, and all furnish abundant 
water-power for both saw and grist mills. There is no better market 
for' this product in the weRt than western and northern Utah. This 
business alone will, in time, warrant the construction of a railroad over 
this route, to say nothing of its various sources of reYenue derivable 
from a connection with the settled portions of Montana Territory. 

We carried otJ.t the intention, with which we started.~ of visiting and 
properly locating the three Tetons, and of ascending to the summit of 
the highest of them. Assured by our guide, and others who had long 
been familiar with the country, that it would be impossible to clamber 
up this mountain, that though repeatedly attempted it was a feat which 
bad never been achieved, we did not undertake the task without great 
misgivings as to the result. The most northerly, or Grand Teton, which 
bas received the name of, and will hereafter be known as, Mount Hay
den, presents to the eye an outline very similar to that of the Matter
horn in the Alps. Its very appearance, unlike that of most of our 
mountains, seems to forbid all attempts to scale it, and for most of the 
distance the ascent can only be accomplished by climbing with both feet 
and hands. The face of the mountain presents an angle never less than 
450 and frequently aoo, much more abrupt than the steepest stairways. 
Glaciers of greater or lesser dimensions are met with every few hun
dred feet, and in seYeral instances t.hey proved almost insurmountable. 
The irregular stratifications of the rocks were often such as to leave us 
with no support other than our bands at points and turnings where a 
failure iu our hold would have precipitated us hundreds of feet down. the 
face of the mountain. At one or two points when nearing the summit 
we would have been obliged to abandon the task but for the aid were-' 
ceived by casting a rope over prominent projections and pulling our
selves over them, to places where we could obtain secure foothol<ls. In 
one of these efforts Mr. Stevenson came near losing his bold and fall
ing down a precipice neatly a thousand feet. Another of our company, 
while ascending along the edge of a glacier, losing his bold,, slid down. 
a smooth ridge of ice, a distance of 40 feet, wit.h fearful rapidity. His 
own presence of mind, in hastily throwing himself astri<le the edge of 
the glacier and descending it in that position, caused him to fall into a 
snow-bed at the bottom, and ou the extreme edge of the precipice. This 
saved him from falling at least 800 feet. Of nine of the company who 
commenced the ascent 1\fr. Stevenson and myself were alone successful. 

We found on one of the buttresses, a little~ lower than the extreme top 
of the mountain, evidence that at some former period it llad been visited 
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by human beings. There was a circular inclosure about seven feet in 
diameter, formed by vertical slabs of rough granite, and about three 
feet in height, the interior of which was half filled with the detritus 
that long exposure to the elements had worn from these walls. It could 
not have been constructed less than half a century ago, when Indians 
only inhabited this region. 

The summit of the Teton is very small, not more than 30 by 40 feet 
in diameter, with a precipitous descent on all sides. Its height, by tri
angular measurement, is 13,833 feet. The view from it em brace~ the 
valley of the Snake River and territory contignous, over a diameter of 
at least one hundred and sixty miles. For grandeur, vastness, and va
riety it is nowhere excelled in the region of the Rocky Mountains. 
Should the railroad to the Upper Yellowstone pass through this valley, 
the Teton Hange would form one of the attractiye features of a visit to 
that wonderful country. 

On our descent of the mountain, while yet at a height of 10,300 feet, 
we crossed a lake, GOO yards long by 200 wide, of perpetual ice, which 
in thickness was about three feet, not unlike in character the descrip
tions gi'\~en of the most elevated glaciers of the Alps. Passing over the 
immense snow-fields which covered the plateau ad,ioining, we descended 
into the grass-covered valley which bordered. the Teton Hiver, and pur
sued the most direct course to the north or Henry's Fork of 8na ke 
River. Along the margin of this stream we traveled over a solid na
tural road-bed to its source in Sawtelle's or Henry's Lake. This part of 
the country is peculiarly favorable for railroad improvements. The 
grades would be very light, not exceeding 20 feet to the mile, and for 
much of the distance very little, if any, excavation would be necessary 
to prepare the ground for the track. There are some obstructions from 
fallen timber along the entire route, which can be removed without dif
ficulty. Doubtless in a country so full of irregularities of one kind and 
another, the foot-hills and mountains would present occasional interrup
tions to a direct course, but it surprises one, in passing over the country, 
to see how few these interJ.'uptions are and how readily they may be 
overcome. 

In our explorations from the Teton Basin to the north, we carefully 
observed the four passes on the north, east, west, and south of Saw
telle's Lake, each one of "hich will don btless be particularly described 
by Mr. Stevenson. These passes are equally favorable for all kinds of 
road improvements. Our company passed through the east or Tyghee 
Pass, entering the valley of the Madison. No person unacquainted with 
the topography of the country would believe while crossing this pass 
that he was crossing the summit of the Rocky Range. The same may 
be said of the other three passes in the immediate vicinity, each point
ing to a separate point of the compass. From the point of entrance 
into the valley o~· the 1\Iadison, down that river to its junction with the 
Jefferson and Gallatin at the Three Forks, there are no serious 
obstructions to a railroad. Two of the cailons would require, perhaps, 
to be sheh~ed for a roadway, in a.Il, for a distance of about twenty-five 
miles. No more direct route for a railroad from Utah to the settled 
portions of 1\fontana can be found than that from the junction of the 
Union and Central Pacific Railroads to Fort Hall; thence up Snake 
River to the head of the North Fork; thence by either the Sawtelle or 
the Targee Pa8s, down the Madison to the Three Forks, passing 
within twelve miles of Virginia City, the capital of Montana; thence, 
through the valleys of the Missouri and Prickly Pear, to Hele.na; and 
there are no engineering difficnltie~ which cannot be easily overcome. 
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An enterprise of such comprehensive utility as this road should not 
suffer a moment's delay in the work necessary to its speedy completion 
for want of capital; for where can an in-vestment be found which will 
be safer or more certain of a profitable return~ 

A single calculation based upon one source of its revenues will demon
strate how speedy, certain, and abundant must be the return made by 
this enterprise after its completion. The present population of Mon
tana, at a v-ery moderate estimate, is twenty-five thousand, who are all 
anxiously looking forwatd to the time when they will be connected with 
the States by ·rail. Suppose (and this calculation, at the prices which 
now prevail in 1\lontana, and which the inhabitants of that Territory can 
afford to pay f'or all the necessaries of life not obtainable from tile soil, 
is much too low) that eacil one of this number pays an average snm of 
$200 more per annum for groceries, dry-goods, wearing apparel, &c., 
than at Omaha or San Francisco for like articles. As the merchants of 
:l\lontana do not make greater profits on tileir sales than do tile mer
chants of those cities, this $200 per capita, aggregating $3,000,000 
per annum, is paid for the transportation of goods, t!.le larger portion 
of it being now received by the Upper l\1issouri I~iver transportation 
companies, but wilich will nearly all go into the treasury of this road 
w!Jen completed, to be shared by it with the Union Pacific and Central 
Pacific Railroads. "\Vith the tide of emigration flowing into this Terri
tory in anticipation of the completion of this road, it is but reasonable 
to suppose that this population will be doubled when that event occurs. 
Of course the revenue will l>e correspondingly increased from tilis one 
source, but by no means the most profitable source of income to the 
road. 

To this is to be added what the road may reasonably anticipate from 
the great-wbeat fields of Montana, from its inexhaustible timber, fi'om 
its silver-mines, from its stock-growers, and from the great stream of 
transient travel for business, pleasure, and observation. A few years 
only can elapse before the marvels of the Upper Yellowstone, its gey
sers, boiling mud-springs, and sulphur mountains, tbe Great Falls of the 
"Missouri, the singular scenery of tbe Bad Lands below Fort Benton, 
the picturesque beauties of the Prickly Pear Canon, aud the stupendous 
architecture of the Rocky Mountains will attract thousands of visitors 
annna1ly to that distant country to view the wonders of nature and the 
grandeur of our mountain-scenery. This enterprise cannot without 
sacrifice be delayed a day longer than competent force, abundant means, 
and ample material require to convert the project into an established 
fact. 

There were very many incidents connected with our journey which 
would prove of gTeat interest to the general reader. :Many of these 
have met the publia eye through the correspondence of the gentlemen 
who accompanied us, and others doubtless will be used to embelli&h the 
various articles which may hereafter appear in our magazines, descrip
tive of the marvelous region which we explored. Let us hope tilat the 
time is not far distant when the geysers, cataracts, la.kes, hot springs, 
and magnificent mountain scenery of' our national park will become as 
familiar to the world of art as Niagara and Yosemite, both of wilich 
they so greatly sm:pass. 

Dr. P. V. HAYDEN, 

N. P. LANGFORD, 
Superintendent of the Yell01.cstone National Park. 

United f)tates Geological Survey, Washinuton, D. 0. 
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1\IE.ANS OF ACCESS TO THE YELLOWSTONE NATIO:N.A.L PARK BY RAIL
ROADS. 

SIR: As the park will soon become an object of general interest, and 
be the resort of thousands of visitors, the question of proper and con
-venient access is of great importance at present. A journey by wagon 
from the Central Pacific or Northern Pacific Railroads would prove long 
and tedious; we must~ therefore, look for a railroad to carry tourists 
within a much shorter distance from the park, allowing, if any, but one 
or two days' journey by wagon. A project for such a road has already 
been conceived, but encountered pecuniary difficulties sufficient to im
pede its immediate construction. As this line would become the main 
route connecting the Central Pacific or Union Pacific Railroad with the 
Northern Pacific Railroad, and also furnish the best means of reaching 
the land of wonders, a few Jetailed remarks in regard to distances and 
elevations will show its entire practicability. 

Branching off from the Central Pacific Railroad at Corinne, Utah, 
the line would run up l\falade Valley with a very gradual and regular 
ascent toward the north, cross the divide from Salt Lake waters into 
Pacific waters, with a grade of not more than 100 feet per mile, follow 
down Marsh Valley to the Port Neuf River, and wind with a grade of 
less than 30 feet per mile into the open and flat country we~t of Fort 
Hall. The distance from Corinne to this point would not exceed one 
llundred and twenty-five miles. It would then take a northeasterly 
course for about sixty miles and cross Snake River at a point about 
five miles east of the mouth of Henry's Forie This country being gen
erally level, the question of grade could not be of interest. v"'~rom that 
point the route would be unquestionably taken toward the north-north
east, following up the valley of Henry's Fork to the lake near its Rource, 
where it would be two hundred and thirty-five miles from Corinne. 
Thence crossing the very low divide in Raynold's Pass at about 50 feet 
per mile iuto the Madison Valley, it would follow it down to the settle
ments of l\fontana and connect with the Northern Pacific Hailroad. 

From points along this line either wagon or rail roads can be built 
with no unusual expense to aU the principal parts of the park, and I 
will now endeavor to give as detailed a statement of the most practica
ble lints as a general reconnaissance of the ground will permit. 1'his 
railroad would give access to the park from the south and '"est. The 
country east of the park appears to be unfitted for approach by roads, 
as the Big Horn and "\-Vind River ]\fountains form a continuous, steep, 
and rough barrier. 

The principal objects of interest within the limits of the park to be 
reached by roads are the Geyser-basins, the Yellowstone Lake, with 
1\fount Sheridan to the south, -and the Grand Caiion of the Yellowstone, 
including the Falls. 1\fammoth Hot Spriugs can be passed on a line of 
a northern approach from Fort Ellis, which has been examined by Mr. 
Gannett. As these points are all situated on tile Atlantic slope, and 
the proposed railroad from Corinne to :Montana is in the Yalley of 
Henry's Fork, wllich drains into the Pacific, and where we intend to 
branch off, it will first be necessary to examine the passes over the main 
Rocky Mountain water-shed. There is in tlle southern part of the park 
a very flat, open pass, if at all deserving that name, situated between 
Lewis and Yellowstone Lake, which can be cros:;;ed with a grade of only 
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00 feet per mile. Farther west another low divide is found between 
Shoshone Lake and the Fire-Hole River, which can be passed wit,h a 
grade of not over 105 feet per mile. Following the water-shed in a 
northwesterly direction it gently varies in elevation and can be crossed 
by wagon-roads at many points. For a railroad the Tyghee Pass is the 
next and last available one. Another obstacle in the way of approach 
from the south of the park might be seen in the Teton Range, but on 
closer examination a pass is discovered near the southwest corner of the 
park where that grand chain diminishes so considerably in height and 
ruggedness that comparatively easy grades for a railroad can be obtained. 
Finding p_o serious obstruction, therefore, we proceed to consider the 
special localities best adapted for lines of approach. 

Commencing in the south we first propose a route which is equally 
well suited for a wagon or rail road, as the grade is easy and water and 
timber are abundant. 

Leaving the above-described proposed railroad from Corinne to Mon
tana a few minutes north of .the. forty-fourth parallel, in the valley of 
Henry's Fork, it would run eastwardly, following np the valley of Falls 
River. For thirteen miles the average grade would be 41 feet per mile, 
for the next twenty miles it would be 61 feet per mile, which. would 
bring the road to the western slope of the Teton Range through a slightly 
undulating country. At the mouth of u"'alls River Pass the most diffi
cult portion of the whole line would commence and extend for six miles 
up to the divide near the Beulah Lakes. It would require an average 
grade of 96 feet per mile, reaching an elevation of about 7,525 feet. The 
va1ley ascends gra.dually and presents no serious difficulty in obtaining 
a uniform grade for the entire distance. In entering Falls River Pass 
we, at the same time, enter a gateway of the park, as the boundary-line 
crosses at the entrance. Gradually ascending, the road leads through 
a fine valley a few miles wide, bordered on both sidt!s "\lith rocky bluffs, 
inclosing a beautiful river which, taking its source from five enormous 
springs breaking out of the steep rocky walls and thence flowing 
through the Lower Beulah Lake, descends the valley in a number of 
rapids and falls which haYe suggested its name. The largest fall, 145 
feet in height, is surrounded by a grotesque group of columns of rock 
much like Tower Falls near the Yellowstone River. After reaching the 
lakes, the road would continue eastwardly for about six miles, rising 
with a very slight grade and following the northern slope of the valley 
over a divide hardly perceptible, and not to be located without careful 
examination. Here it reaches the valley of the Union or Lake Fork of 
Snake H.iver, entering upon a plateau or mesa from which the river 
can be seen several hundred feet below, flowing through a steep and 
gloomy canon. On either side of the canon the ground is gently rolling 
and is well fitted for a road, especially upon the eastern bank. Follow
ing nearly parallel with the river a distance of eleven miles, we would 
be bronght to Lewis Lake, at the foot of Mount Sheridan, which could 
be easily visited from this point. It is the loftiest peak of a prominent 
g-roup, entirely surrounded .by comparatively flat country and affording 
the most extensive panoramic view of any mountain in the park. A 
more minute description of this peak can be found elsewllere in the 
report. From Lewis Lake it would be advisable to separate into two 
branches, one taking ::t northwesterly course to the Geysers and another 
a northeasterly to the Yellowstone Lake, River, aml Calion. The first
mentioned could take the following route: About ten miles on a level 
to- Shoshone Geyser Basin ; thence four miles, with a grade of 70 feet 
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per mile, to the main Rocky Mountain divide, at an elevation of 8,717 
:eet, from whence a descent of 105 feet per mile for five miles would 
bring the line into the valley of the Fire-Hole River; following this 
river for an additional five miles, with a grade of 37 feet per mile, 
the railroad would be amidst the grand geysers of the Upper Basin. 
Proceeding eight miles further, with a descent of 17 feet per mile, it 
would arrive at the Lower Basin, which would form the terminus to this 
branch of the line. The other, diverging northeasterly from Lewis 
Lake, would cross the main Rocky JYiountain water-shed within five 
miles, at a grade of 43_ feet per mile, and descend to the Hot Springs at 
Yellowstone Lake within three miles, at a grade of 94 feet per mile. No 
difficulty in grade would now be met with either along the shores of the 
lake or down the valley of the Yellowstone River to the falls and Grand 
Calion. 

The following is a review of distances and elevations on this route, 
commencing at the point whP.re it would leave the main railroad in 
HenQ·'s Fork Valley. 

Henry's Fork Valley ..••.............. 
Falls River .......................... . 
Entrance to pass ..................... . 
Beulah Lakes .......... _ ............. . 
Union Fork ............... _ ........... . 
Lewis Lake ............ _ ............. . 
Hot Springs, Yellowstone Lake ....... . 
Yellowstone Falls .................... . 
Slwsbone Geyser Basin .............. . 
Divide ............................... . 
Upper Geyser Basin .................. . 
Lower Geyser Basin .................. . 

Distance from Distance from Elevation 
Henry's Fork 
in miles. Corinne in miles. in feet. 

0 
13 
33 
39 
45 
56 
64 
94 
66 
70 
80 
88 

145 
138 
178 
18-l 
190 
201 
209 
2:-l9 
211 
215 
2:!5 
2~13 

5, 130 
5,670 
6,950 
7 525 
7:8oo 
7,828 
7,788 
7, 700 
7,880 
8,717 
7,390 
7,~60 

Having thus followed the entire line of the route through Falls Rh·er 
Pass to the principal points of interest, we now will examine a second 
route running through the Tyghee Pass, which presents equal facilities 
for a railroad. 

Leaving the proposed Corinne and l\fontana Railroad at Henry's Lake, 
a distance of six miles ''ith a slight upward grade would bring it to 
the Tyghee Pass, and the divide could be reached within four miles, at 
a grade of 130 feet per mile. The l\fadison or Fire-Hole River Valley 
now lies open before us, and, gradually descending, the line would fol
low the northern slope of the mountains down to the level of the river. 
vVith a gradual ascent of 10 feet per mile it would follow up the valley, 
entering the park at the entrance to the canon to Gibbon's Fork, a dis
tance of twenty-three miles from Tyghee Pass. From this point the 
Lower Geyser B~u;in is reached within eight miles, at a grade of 70 feet 
per mile, where the line would connect with the first route described as 
approaching the park through the Falls River Pass. · 

The following statement of distances and elevations along the second 
route, starting at Henry's Lake, will review the line : 
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Henry's Lake ........................ . 
Tygltee Pass ......................... . 
G1l>bon's Fork ....................... . 
Lower Geyser Basin .................. . 
Upper Geyser Basin ........... -....... . 
Divide ............................... . 
Shoshone Geyser Basin ............... . 
Lewis Lake .......................... . 
Hot Springs, Yellowstone Lake ...... . 
Yellowstone Falls .................... . 

Distance from I Distance from Elevation. 
Henry's Lake. Corinne. 

0 
10 
3:~ 
40 
48 
58 
62 
72 
80 

110 

235 
245 
268 
275 
283 
293 
297 
307 
315 
345 

6,443 
7,063 
6,808 
7,260 
7,390 
8,717 
7,881 
7, 8:~5 
7,788 
7,700 

A distance of six miles may be sa,~ed by running from divide directly 
to the outlet of Yellowstone Lake. By a comparison of the two tables 
of distances an opinion may be formed as to the best route. Both are 
w1thin a short tlistauce of rh~ers which ne,~er run dry, and both run 
oYer thickly-tim bere<l la.n<ls. In all the high regions of that country 
there is but little soil and, therefore, excavation~ are mostly rendered 
very expensive by being in rock. However, tLis is a disadnmtage per
taining equally to both routes and, therefore, favoring the shorter dis
tance. All the trappers throughout the whole region state, concerning 
the climate during the winter, that, although there is heavy snow, it is 
rarely accompanied by winds, so that drifts are rare exceptions. This 
will also apply equalls to both routes and the maintenance of railroads 
generally. 

Hoping sincerely that the a l>ove will furnif'h an incentive toward 
opening this grand and wonderful park to 1he multitudes, both at home 
and abroad, that are C\er anxiouslj' seeking instruction and pleasure, I 
remain, yours respectfully, 

Professor F. V. H.A. YDEN, 
United States Geologist. 

R. BERING. 
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REPORT OF A. C. PEALE, ~I. D. 

WASHINGTON, D. 0. 
DEAR SIR: I have the honor to transmit herewith my rt:port for the 

season of 1872. I have divided it into six chapters. The first I haye 
devoted to the description of a short trip into Colorado and Utah, made 
before the organization of the party was completed. The secoud chapter 
contains an account of our progress from Fort Ellis, .1\fontana Territory, 
to Gardiner's River, in the Yellowstone National Park, including an 
account of the Hot Springs at the latter place. The third chapter con
tains a description of the springs in the Yellowstone Valley from Gar
diner's River to YeJlowstone Lake. The fourth chapter is devoted to 
the geyser-basius of Fire-Hole River. 

The time we were iu the geyser-basins was somewhat limited, and the 
observations must therefore be to some extent necessarily incomplete. 
To work up this most interesting section thoroughly will require the 
time of at least one entire season, so that data may be obtained as to 
the influence the different portions of the year may have upon the 
geysers. Then, also, more could be definitely learned in regard to their 
regularity or irregularity. As far as the time permitteu, I have endeav
oreu to make the obserYations as complete as possible. 

At this point I wish to express 111y thanks to Dr. F . .1\L Endlich, of 
the Smithsonian, for assistance rendered in analysis. That I am able 
to present so many analyses, especially of specimens from the ge,}sers, 
is due largely to his assistance. I wish also to refer to Mr. vV. B. Platt, 
of the expedition, 'ivllo also assisted i11 analysis. 

M.v fifth and sixth chapters I have de,~oted to the consideration of the 
Madison ami Gallatin Valleys. Appended to the repcrt are catalogues 
of the rocks and minerals collected during the summer. I have incor
porated in them the specimens collected by both branches of the expe
dition. I have also do11e the same in the catalogue of thermal springs, 
whieh is appended to the report. Iu the lattt>r catalogue I lla,e, for the 
sake of comparison, incln<led observations of some of the springs taken 
in previous years (principally by Loug and by Fremont) wherever there 
was no doubt as to the localities being the same. 

The collections of geyserite this year are particularly large, and pre
sent all the varieties in form and texture to be found in the region. 

In conclusion I wish to express my thanks to all the member~ of the 
expedition for their uniform kindness aud co-operation. I "ould refer 
particularly to 1\Ir. T. 0'0. Sloane, who for a while acted as my assistant, 
and who, by his zeal and actiYity, contributed largely to the collections. 

To the e<litors of the" New York Illustrated Christian \Veekly'' I am 
indebted for some of the best wood-cuts illustrating my report. 

'J.1rnsting this report may prove satisfactory, I llave the honor to be 
your obedient servant, 

A. 0. PEALE. 
Dr. F. V. HAYDEN, 

Unitecl States Geologist. 
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CHAPTER I. 

COLORADO AND UTAH. 

While the expedition was being organized at Ogden, Utah Territory, 
Jlfr. W. H. Jackson was ordered to make a photographic tour through a 
portion of Colorado. Fortunately, I was able to accompany him, and 
while assisting him took a few notes in regard to the lithology and geol
ogy of the places we visited. Colorado City and Golden Cit.y were our 
principal points, and it is of them I will speak more particularly. We 
were limited as to time, and the area over which we passed was so small 
that l shall have to restrict all I have to say to each immediate locality; 
still I hope it may not be without some little interest. We left Omaha on 
the 20th of May, and the following evening reached Denver, in Colorado 
Territory. In passing, let me say a n·ord or two about DenYer. Tfu.irteen 

' years ago a log-cabin represente<l this city, that now contains a popula
tion of over 14,000 people, and which is in every way a thriving and 
prosperous place, bidding fair to become the metropolis of the far vVest. 
Four years ago there was not even a mile of railroad in the Territory, 
and to-day Denver is the center of five distinct lines of railroad, and 
still more are being built. The city is beautifully situated on the banks 
of Cherry Creek, about tweh'"e miles from the mountains. The plain 
upon which it is built is so covered with the superficial drift of the 
mountains that the underlying rocks are entirely concealed. There is lit-
tle doubt, however, as to what they are, for, as we proceed to·ward the , 
mountains, we come upon the upturned edges of Tertiary sandstones, 
containing beds of coal, the tipping up of which is explained by the 
grand range immediately in front of us, from which Gray's Peak and 
Long's Peak raise their snowy heads, seeming almost ·to pierce the 
heavens. Leaving Denver we took the Denver and Rio Grande Railroad 
to Colorado Springs, some seventy-six miles farther south. Tllis rail-
road is a narrow-gauge road, and the first of any length that has been 
built. It threatens to work au important revolution in the railroad
system of the West. The road gradually ascends upon leaving Denver 
until we reach the summit of the Colorado divide. This is a spur or 
high ridge, projecting from the mountains at right angles to their trend. 
It forms the dividing line between the waters of tbe Platte River and 
those of the Arkansas. It is very thickly tim bere(l, and lumbering is 
carried on quite extensively. The ascent from Denver to the summit of 
the divide is very gradual, and itis a little difficult to beli.eve that one 
bas ascended 2,000 feet. The elevation of the divide at the summit is 
8,000 feet above the sea. Smoky-quartz crystals are found .here quite 
abundantly, and are called topaz by the people. I was shown several 
good specimens said to bave been picked up near the railroad. The 
rocks as seen from the cars seem to be mostly red and gray Tertiary 
sandstones. From the divide the railroad bas a gentle descent, and 
after a ride of twenty.four miles, passing some beautifnl seenery, we 
reach Colorado Springs. 'rbis is a new colony, jnst established on the 
line of the railroad. It is about eight miles from the mountains. Its 
site is covered with loc~l drift from the hills. To the east the country 
spreads out into the plains. We spent several days at Colorado Springs, 
making e_:;::cursions to the ·various points of interest.. Our first day was 
spent in the" Garden of t ile Gods," about four miles northwest from 
Colorado Springs and two mikfl north of Colorado City. This interest-
ing and peculiar place is a valley in tho foot-bills of the range, and is 
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inclosed by an almost vertical wall of massive sandstone of Cretaceous 
age. The rocks which we find inside have been subjected to an im
mense <leal of erosion, and the many ridges and tower-like forms left 
standing throughout the garden are tlle remnants of the parallel strata 
which dip to the northeast at a very great angle. In some places they 
seem to <lip a few degrees in ·the opposite <lirection. As we go toward 
the mountains, the dip <lecreases. These rocks are fine-grained sandstones, 
of a <leep brick-red color, with here and there layers and spots of a lighter 
red, an<l sometimes white. The ridges are expose<l for some distance to 
the nortil, while to the south, after bending toward the east, they ap
pear to be coYered by the debr-is from the mountains. The entrance to 
the ~' gar<len" is through the " -Beautiful Gate," an opening through one 
of the highest ridges of red sandstone. We estimated the height of this 
ridge to be 300 feet. The northern end is considerably higher, and view
ing it so as to see the end alone the resemblance to the tower of a grand 
cathedral induced us to can it "Cathedral Rock." Another collection of 
rocks inside tbe" garden" bad the name of "Montezuma's Cathedral.'' 
On the ·western surface of the ridge mentioned above, tile water has worn 
quite a large ca\e. The sandstone is very soft in most places and can 
be readily crushed in the fingers. The softness is due probably to the 
effect of the weather. As we go toward the west the hardness increases. 
Outside of the red layers, and a few hundred feet farther to the east, there 
is a layer of white sandstone parallel to the red and tipped up at the 
same angle, about 70°. Outside of ·this, and in contact with it, is a bed 
of gypsum which is of considerable thickness. From it I obtained spe
cinwus of selenite and satin-spar. The specimens of amorplwns gyp
sum I obtained are exceedingly beautiful, the white variety being of 
course the most alt>undant. I got also some very pretty pink varieties. 

The following day we spent in visiting Glen Eyrie and the So<la 
Springs on the "Fontaine qui Bouille.'' Glen EJTie is also sometimes 
caned the "Little Garden of the Gods," from its resemblance to the 
"Garden oftbeGods," which we first visited, and which is farther to the 
south. The entrance is through a natural gateway, cut through a mass
ive ridge of gray san<lstone by Camp Creek, which flows through the 
glen. The sandstones are covered with moss, giving them a most 
picturesque appearance, and General Palmer, who has made his home 
here, bas giTeu til em the name of" Painted Rocks." The ridge forms a 
high wall, dipping northeast at an angle of 60°. The age of this sand
stone is Cretaceous. Just inside of it til ere is a layer of limestone, 
which is probably Jurassic, and next to this is a la;yer of gypsum, the 
continuation of the bed I mentioned aboYe. Tilen follow solt, reel sand
stones, corre~:iponding to those in tbe ''Garden of the Gods," although 
they are lighter in color, at a distance seeming to be of a flesh -color. 
They are eroded into curious, fantastic forms. One in particular deserves 
mention. It is a mass of reol rock, 30 feet in diameter, and rising to tile 
height of 200 feet. It is a monolith, the top of which is larger than at 
the base, an<llooking at it one almost expects to see it toppling over. 
It is called " Needle Hock." The area included in the " Little Garden of 
the Gods" is much less than in the other garden. The red san<lstones, 
as we approach the hills, become harder, seeming to be almost crystal
line, and ha\e a deeper color. The angle of the dip has decreased, and 
at this poin1i is only 20°. Where Camp Creek has cut its way through 
these hard layers there is a fine exposure of the strata. Here is Glen 
Eyrie proper, and a wild, weird-looking place it is. The dark-red 
rocks and the bright-green foliage, through which we catch an occa
sional glimpse of the stream, form parts of a picture well worthy the 



102 GEOLOGICAL SURVEY OF THE TERRITORIES. 

visit of one who loves the beautiful. We did not have time to penetrate 
farther np tile calion, but below these sandstones I believe there are 
Carboniferous limestones. Tl.le thickness of these rocks, llowever, is not 
Yery great. I cannot give the exact thickness, as I had no means of 
measuring them. 

Leaving· Glen Eyrie we passed a second time through the ''Garden of 
the Gods", and after a ride of some six miles reached the Springs on the 
Fontaine qui Bouille, a branch of the .Arkansas River. 'l'here are five 
principal springs. The first one is the "Manitou" or'' Doctor Spring." It 
is on the left bank of the river, and is quite small, measuring hardly a 
foot in diameter. The water contains a large percentage of carbonic 
acid, and there is a slight bubbling, caused by the escltpe of the gas. 
The water is more agreeable to the taste than that of any of the other 
spring8. There is quite an abundant deposit of carbonates about the 
spring reaching to the edge of the river. The overflow of water is very 
small. The water contains about two drachms of solid matter to the 
gal1on. Its temperature was 570 F. It is feebly alkaline. .An analysis, 
made by :Mr. Frazer in 1869, revealed the following contents: 

Carbonate of soda. 
Carbonate of potassa. 
Carbonate of lime. 
Chloride of sodium . 
.AI urn ina. 
Trace of iron. 

The next spring is the ''Comanche." This is a chalybeate spring, 
situated in a small thicket, on lo,v, marshy ground, on the right bank of 
the river, near the water's edge. There is no deposit about, save a 
slight one of oxide of iron, and the escape of gas is 'Tory insignificant. 
The iron is quite perceptible on tasting the water. Its temperature was 
480.5 F. 

'l'he next spring, in size the second, is the ''Shoshone." It is also on 
the rigllt bank of the river, and is close to the wagon-road. There is a 
continuous escape of carbonic-acid gas from it, but the taste of the 
water does not compare with that of the Manitou. It is surrounded by 
considerable deposit, consisting mostl.v of carbonates of soda and 
potassa, with also a trace of sulphur. (Frazer, 18G9.) Its temperature 
is 550.5 F. Below tbe Sllosllone Spring, on the edge of the river, is the 
"Nashataga,'' an unimportant spring, having a temperature of u2° F. 

The largest spring is the ''Bathing Spring." It is almost opposite 
the lVIanitou, and has a very abundant deposit, in which the opening 
of the spring is about five feet in diameter. The escape of gas is more 
violent than in any of the other springs. Its temperature is 60° F. 
Water is conveyed from it in iron pipes to a bath-bouse, which has been 
recently erected. .An analysis of the deposit from these springs, made 
by Dr. Drown in 1871, is as follows: 

Per cent. 
Chloride of sodium ___ •.• . . • • • . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . • . . . • • . • . . . • . . . 36. 60 
Chloride of potassium __ ........... _. _ ............•... -............. -......... 10. 01 
Bicarbonate of soda_ ........ _ ... _. ___ . _ .... ___ . ________ ----.-. _-. _-----.----- 24. 01 
Sulphate of soda ___ - ..... ___ ... _. _ .............. -- ... - .. -.--.- ...... ----..... 4. 78 
Bicarbonate oflime _ .... _ .... _ .... _ ............•.. ______ .•... -.....•......... 15. G2 
Bicarbonate of magnesia .. _ ...........•..• _ .•...•........•.. - _..... . . • • . . . . . . 8. 80 

Total .•...•..••......•....•••....••••..•••...•.••..........•.•....•.•... 100. 00 

The names of some of the other unimportant springs are the "Iron 
Ute/' ''Navajo," the ''.Arapahoe," and the ''Pawnee." 
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Fremont visited these springs in 1843 and took the temperature of 
two of them. I will gh·e his temperatures and those I took in talmlar 
form, so that they can more easily be comparetl. llis upper spring 
corresponds, I believe from his description, to the Batlliug Spring, and 
the lower spring to the Shoshone. · 

Temperatm·es of Frbnont, July, 1843. 

Time. 

11 a. m .. _- __ ..... -- ... --. 
Sunrise ... ___ ............. . 
Sunset ..... ___ ........ - _ .. 

Name of spring. 

Bathing Spring ... ____ ... __ 
Shoslwne .. ___ ..... ---· ... . 
Comanche.------·----- ... . 
Manitou ..... __ ..... --- ... . 
Nasl!ataga ................ . 

Temperature of 
upper spring. 

69° F. 
61 
54.:3 

Time. 

Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 

Temperature of 
lower spring. 

60° .5 F. 
58 
57 

Temperature of 
air. 

73° F. 
66 
57.5 

Temp. of air. Temp. of spring. 

70° F. 
70 
70 
70 
70 

60° F. 
55.5 
48.5 
57 
52 

A comparison of the above tables would seem to show that in the last 
twenty-nine years the water of the springs bas become cooler. Some oftlle 
difference in temperature may, perhaps, be due to the difference iu ther
mometers used. A large hotelllaH been built near the springs for the 
accommodation of invalids anu tourists, and there is no doubt that befol'e 
long thi~ will be one of the favorite sanitariums of the \Vest. The site 
of a -village has also been laid out, to which the name of Manitou llas 
been given. Leaving the springs we followed the road up the calion to 
the Ute Pass. The road through this pa~s leads to the silver mines of 
the South Park. It bas been cut tllrongh solid granites. The calion 
is a most romantic one, and the stream rushes dowu the deep, narrow 
gorge in a series of cascades and falls. The largest. fall, Ute Fall, is 
60 feet in height. The granite tlJrough which the ~tream Las cut its 
way is a red porphyritic granite, presenting a beautiful appearance, 
due to the large red crystals of feldspar, ( Orthocla~e.) TlJe mica iH 
somewhat smaller in quantity and of a black color. 'l'he rock wonld 
doubtle::;s be capable of a very high polish. As a builuing-stone I do 
not think it will llave much value, as it readily breaks dmvn on exposure 
to the weather. I noticed at various places on the walls of the calion 
stains and discolorations, due to the infiltratioo of mineral waters. 

The junction of tlJe sedimentary roeks with tile g;rauites is well shown 
in the pass. In some places the former a.re lifted high npon tbe hills, 
dipping northeast, at angles varying from 100 to 300. The rock iuuue
diately upon the granites is a bard fine-grained sandstone ~ont:.1iuing 
irregular seams of pel>bles. Its color Yaries from a yellowish gray to 
red. Tile dip was north 400 east; angle, 200. " 

Our next trip ·was made to Chiann Calion, through \\llich Chiann 
Creek flows to join the Fontaine qui Bouille. In company with ~fessrs. 
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Nettleton, Fuller, and Potter, and Dr. Gatchell, of Colorado Springs, 
"e started early in the. morning, and after a ride of four miles over the 
mesas, reached the mouth of tlle canon, where we left our wagons and 
mules and proceeded the rest of the way on foot, carrying the photo
graphic apparatus and materials on our backs. The calion is w~ry nar
row and the granite walls rise pr~cipitously on either side to the height 
of 600 feet above the bed of the stream. We were obliged to cross 
and recross the stream many times in order to get along, as the banks 
in some places were too steep to allow our passing along them. After 
a walk of about a mile and a half we came to a fall, or rather a series 
of falls, which prevented any farther progress up stream. There were 
three distinct falls, one above the other, the entire height being 300 
feet. The water in falling strikes numerous ledges, wllich churn it into 
a mass of foam. It has worn in the solid granite a rounded basin sur
rounding which are walls reaching the height of 800 feet. The lJest 
view of the falls is to be had ~bout a quarter of a mile below on the 
side of the calion. At a point 300 feet above the bed of the creek we 
have a magnificent view of the entire falls, while back of them rise 
the hills which stand at the foot of Pike's Peak, and in the fore-ground, 
far below us, we catch a glimpse of the creek as it reflects the sunlight 
through the foliage of the pines. 

The following is a list of the minerals I obtained while at Colorado 
Springs: Snowy gypsum, pink gypsum, selenite, satin-Hpar, (fibrous 
g-ypsum,) yellow calcite, (crystallized,) amazon stone, (orthoclase,) ame
thyst, smoky quartz, white quartz, opal, and agate. 

We left Colorado Springs on the 27th of May, and on the 29th arrived 
at Cheyenne, Wyoming Territory. On the 3d of June we started on a 
second trip, our destination this time being Golden City. Golden City is 
about twenty miles, almost due west, from Denver, at the base of the 
foot-hills of the main range of the Rocky Mountains. It is situated in 
a valley, between the hills and two mesas, or table-like mountains. They 
stand between the town and the plain, and between them is the 
Golden Gate, through which Clear Creek flows out to the plains. Both 
the mesas are surmounted by layers of basalt. The rror:th mesa, called 
Table Mountain, is about a mile in width and a little more than two miles 
in length. On the western side, overlooking the town, is a prominent 
mass of bare rock, which is called the CaHtle. '.rhe south mesa has 
the same width as the one on the nortll, but is longer, extending 
for four miles. '.rhe upper portion of the basalt capping these mesas 
is more compact than the lower layers and is somewhat columnar. 
Beneath the basalt are Tertiary formations-sandstones and clays. 
The surface of the mesas is somewhat irregular aud covered with 
gr~ss. They form the grazing-grounds for large herds of cattle. The 
Tertiary beds continue some distance west of the mesas, and contain 
coal. The principal bed varies in thickness from a few inches to 
eight feet. It is almost vertical. There are four openings into it, three 
of which are owned by the Mineral Land Company and leased to 
the Hazleton Company. Only one of them, however, is worked at 
present; one of the others has been burned out-since which work has 
not been resumed-while the third is filled with water. A fourth open
ing is owned hy Judge Johnson. Only enough coal is mined to supply 
the local demand. The ridge above the coal is a white sandstone con
taining impressions of deciduous leaves, while beneath the coal is a bed 
of clay. The strike of these beds is almost due north and south. Be
low the coal-beds are red and gray sandstones with a layer of limestone. 
These sandstones rest immediately on the metamorphic rock:;; at an angle 
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of about 450, The effect of erosion here bas been to so level these beds 
that it is difficult to trace the succession of the various layers. 

We made several excursions while at Golden City, one of which was 
up Olear Creek Calion, through which the Colorado Central Railroad, 
a narrow-gauge road, runs. vVhen finished it will penetrate to the min
ing-districts of Georgetown and Central City. When we visited ·it 
the road-bed was graded some ten miles above Golden G"'ity. The creek 
has cut its way through the hills in a tortuous course, leaving high 
walls of gneiss and granite standing on either side. In the gneisses I 
obtained garnets and magnetite. There bas been some gold-mining 
carried on in Olear Creek Calion, but I judge it was with but little profit . 
.At any rate, at the present time the diggings are abandoned. 

From the office of the Colorado Central Railroad I obtained speci
mens of ores from Central City~ consisting mainly of gold quartz, 
pyrites, and argentiferous galena. 

Having completed our work we left Golden City and started for Ogden, 
Utah Territory, where we joined the main party in camp on the 8th of 
June. Tbe vVasatch Range, at the foot of which the town of OgdeR is 
built, has a trend north and south. Its geological structure is beauti
fully shown in the many cailons which cut deeply into it almost at right 
angles to the trend. It is in these canons that the profitable mines of 
Utah are situated. The canons near Ogden are Ogden· Canon and 
Weber Canon. Through the latter the Union Pacific Railroa<1 finds its 
way into the Great Salt Lake Basin. Between these two there are a 
nnm ber of smaller canons which cut the mountains only partially. Two 
of these, immediately back of our camp, are Taylor's Oailon and the 
Waterfall Canon. Iu the former there is a limekiln in operation. Here 
also some miners claim to have discovered tin. .An examination of 
specimens proves, however, the absence of any metal and showed the 
specimen to consist almost entirely of hornblende. The Waterfall Canon 
is named from the occurrence in it of a fall some 300 feet in height. 
The water falls over a ledge of white quartzite. .Above it rises Mount 
Bechler, whose height is 9,716 feet. The base of the mountains near 
Ogden is for the most part a red syenite, whose specific gravity is about 
2.6. This syenite passes into granite and gneiss. It contains, in places, 
veins of hornblende, aud the gneisses ha,Te veins of quartz with specu
lar iron. Several of these veins have had openings made into them by 
prospectors. The largest is just south of the Waterfall Canon. Itis 
four feet in width and penetrates the rock to a depth of thirty feet hori
zontally. The walls on either side are gneisse~, stained with the green 
carbonate of copper, (malachite.) The gangue is quartz and serpentine . 
.Associated with the specular iron or micaceous hematite are iron pyrites 
and stainings of copper. The iron is in veins varying from the fraction 
of an inch to two inches in thickness. On the north side of Ogden Canon 
I found another opening, much smaller, in chloritic schists, which, at 
this point, lie just above the syenite. The gangue here was white 
quartz, contaiuiBg veins of micaceous hematite. The schists contained 
numerous veins of quartz. Above the metamorphic rocks there are heavy 
beds of quartzite, the lower bed of which is conglomerate, the siliceous 
matrix containing pebbles of bright-red jasper. The quartzites have a 
specific gravity of 2.6 and are mostly of white color, although in some 
places they are pink and again dark brown, becoming highly ferruginous. 
Above the quartzites are heavy beds of dark-blue magnesian limestones of 
Silurian age, above which are Carboniferous limestones. I was shown a 
specimen of gTapbite from near North Ogden, a village six miles above 
Ogden. At the upper end of Ogden Canon galena is found associated 
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with carbonate of copper in limestones. This corresponds to the loca
tioll of the most productive silver mines in Utah. They are almost 
situated in limestones at the heads of the canons, and the ores are o.res 
of lead containing silver. The minerals I obtained at Ogden are the 
following; micaceous hematite, iron pyrites, galenite, magnetite, 
graphite, azurite, malachite, garnets, quartz, chlorite, talc, serpentine, 
jasper, hornblende, serpentine, and calcite. 

On the 10th of June l\ir. Jackson started on a photographic trip to 
Little Cottonwood Canon, on which trip I accompanied. From Ogden 
to Salt L~tke City we took tlle Utah Central Railroad, which skirts the 
edge of the mountains. The granitic rocks extend for some distance 
below Weber Calion, but as we near Salt Lake City the limestones form 
the base of the mouutains, near which are a number of limekilns. The 
limestone for the kilns seemed to be takeu from the upper layers, prob
ably because the lower ones are siliceous, as at Ogden. 

The canons which cut through the Wahsatch Range near Salt Lake 
City are as follows, iu their order from north to south: Red Butte, Emi
gration, Parley's, Mill Creek, Big Cottonwood, and Little Cottonwood. 
At the head of the latter are some of the best silver mines to be found 
in Utah, and among them is the famous Emma mine. Leaving Salt 
Lake City we take the State road, and after a ride of ten miles in a 
southeasterly direction, passing between thriving farms dotted with 
comfortable-looking houses, we turn to the left and strike across the 
count,ry to the mountains. Directly before us is the highest point in 
tlle vVahsatch Range, the Twin Peaks, over 12,000 feet above sea-level. 
As we ride along we see distinctly marked on the sides of the mount
ains in front of us the water-lines of the former shore of the Great 
Salt Lake. These old shore-lines are distinctly marked on the mount
ains, on all sides of the lake, and on tlle islands in the lake. We pass 
over numerous terraces and at length reacll the mouth of the canon. 
Here there are no less than seven distinct terraces, some of them, how
ever, due to the action of the Cottonwood Creek. Near the mouth of the 
canon there are smelting-works, to which ore is brought from the mines 

Fig. 25• at the bead of the creek. Inside ~he 
canon we find ourselves between high 
granite-walls, rising precipitously on 
either sidft of the creek. The first 
thing to attract our attention is the 
conspicuous bedding of these gran: 
ites. The dip is east at an angle of 
500 to 70o. The granite is of a light
gray color, composed of wllite feld
spar, (orthoclase,) quartz, and black 
mica. The bottom of the canon is 
strewn with bowlders . of granite, 
which lie scattered over it jo inextri
cable confusion. In mHny of them 
(Fig. 25) I noticed veins of feldspar 
of about two inches in width crossing 
each other at right angles. Another 

BLOCK OF GRANITE WITH FELDSPATHIC SEAMS. noticeable feature ill these granites 
is the occurrence of rounded pebble-like masses, of a dark color, inclosed 
in the gray matrix. Professor Silliman, (Silliman's Journal, vol. iii, page 
196,) referring to these, says" These granites are probal>ly metamorphic, 
of coglomerates, an opinion first suggested to me by Professor W. P. 
Blake." .As he also further states, there is a pebble-like .roundness in 

~ 
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the particles of quartz in this granite which points to a mechanical 
origin. Tile rock is quite uniform in its struc1-ure. A mile or two in 
the canon \Ve came to a small village called Graniteville. It is near 
here that the granite, of which the :Mormon temple is being built, is 
quarrie<l. Instead of working into tbe rock on the sides of the calion, 
the quarrying is confined to the huge blocks of granite which are scat
tered over the bottom on both sides of the creek. Some of these blocks 
are immense, measuring 30 feet square. They are split into the required 
size. Our road for about five miles leads us between the granite ~alls 
that to~er far above us, sunnouuted by dome-like masse:::;, whose summits 
are covered with snow, giving origin to the numerous falls an<.l cascades 
which abound ou the sides of the calion. The Little Cottonwood Creek 
flowing past us falh; al>ont .300 feet to the mile. It ru~hes along fnrion::sly 
over its rocky bel1, seeming to be at war with the immense bowlders that 
dispute its right of way. As we proceed we leave the granites behind 
us, and above us project tbe sharp, jagged edges of quartzite beds. 
These quartzites have a reddish color, and are followed by slates upon 
which rest thick beds of white limestone. The lower beds are crystalline 
and probably Silurian, although I was unable to find any fossils in them. 
The upper layers are dolomitic, and are Carbouiferons in age. It is in 
these limestones that the ores occur. The principal mine is the Emma. 
Unfortunately, owing to a disturbance at the time of our visit, l was 
unable to see the Em rna mine, but visited the Flagstaff and the Silver 
Star. I quote the following analysis and remarks upon the ore of the 
Emma mine from an article by Professor Silliman:* 

I am able to present an analysis of an average sample of 82 tons (=183,080 pounds) 
of first-class ore from tl10 Emma mine, made by James P. Merry, of Swansea, April, 
1871, which is as follows: 

Per cent. 

Silica .......... ----·------· .... ··---- ---- ...... -----· .... -----· -----· ---- 40.90 
Lead ... --· ... _ .... __ ..... __ .......... __ ....... --· _ ........•...•... --·. .. . :)4. 111 
Sulphur ............................................ ------·----··----·.... 2.37 
Autnnouy .... .. ... ................. __ ......................... --- ... _.. .. . 2. 27 
Copper ... _ ..... --· ....... _ ... _ ....... _ .. ___ .......... _ ......... --·........ 0. 83 
Zinc .... _ .. __ .•... __ •.. _ .......... _. _ .......• __ ...... _ ..... _ ..•....... __ .. 2. 92 

~~~~~~~~~~:::::: ~::::: : ::::: :::: ~ ~ ~: ~::::: ~ ~:: ~::::::::: ~::: :::: ~ ~ ~::: :::: g: ~~ 
Sih·er ........ _ ... _ ..... _ ......... _. __ ..... _ .. _ ...... _ ...... __ . _ .... _. __ . _. 0. 4d 
Alumina. . . . . . . _ .. _ ................ _ ...... _ ........... _ . . . . . . . . . .. . . . . . . . . 0. :J5 
l\fnguesia .. _ ...... _ .•.... _ .. _ . __ ..... _. _ .. _ . __ ... _ .... __ ... . . . . . . . . . . • . . . . 0. ·~5 
Lin1e ..................•.... _ .................... __ ........ _ ...... _... . . . . 0. 72 
Carbonic acid .... _ ..............•...•.........•......•...... _.... .. . . . . . . . 1. ;:)0 

90.42 
Oxygen and water by difference .......•.........••..... .'.................... 9. fl8 

100.00 

The quantity of silver obtained from this lot was 156 troy ounces to the gross tou of 
2,240 pounds. 

This ::walysis sLeds important light on the chemical history of this remarkable 
metallic deposit, aml "·ill aid ns iu the stndy of the paragenesis of the derived species. 
It is pretty certain tbat all the bcasy metals base existed originally as sulphides, aud 
"e rna~·, thereiorc, state the analysis thu~, allowing 8.5:l per cent. sulphur to convert 
the heavy metals to this state; 
Silica . ........... __ .. . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40. 90 
l\fetallic sulphides ..............................•............................ 52. GO 

. . . 
Al, .35, Mg, .25; Ca, .72; ~fn2 Mn, .20 .•••••••••••••.••••.••••••••••••• ,.... •••• 1. 52 

95.0:& 
Water, carbonic acid, and loss .......•. : . . . • . . . . . . . . . . . . . . . • • . . . . . . • • • • • • • • . . . 4. 9:i 

*American Journal of Science and Arts, vol. iii, page 198. 
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This calculation assumes that the sulphides are as follows, ~iz: Per cent. 
Galenite._ .•.......•.........••.•...... _ ... _ .•................•.............. 
Stibnite .......................••..•.......•....•................•.....••... 
Bornite... . . . . . . . . . . . . . . . . . • . • . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . ...........••.• 

~~~~~~~~~,--(~~~~~~:--.-~ ~ ~:~_-:: ~::~ _.,_._._.: ~ ::::: _-:: :::::.-::.-:::::::::::::: ~::::: 
Argentite ..••...••••.•.••••. : •..••••....••••....•••.......••.•••.•..••••••.• 

38.69 
3.30 
1. o:~ 
3.62 
5.42 
0.54 

52.60 

This statement excludes the presence of any other gangue than silica, aud, consider
ing that the ores exist in limestone, tlie almost total absence of lime in the composition 
of tiJe average rnass is certainly remarkable. The amount of silica found is noticeable, 
since quartz is not seen as such in this great ore-chamber, nor, so far as I could find, in 
other parts of the mine. The silica can have existed in chemical combination only in 
the most inconsiderable quantity, since the bases with which it could have combined 
are present to the extent of less than lt per cent.; nor do we fiml in the mine any 
noticeable quantity of kaolin or lithomarge resulting from the decomposition of sil
icates, nor are there any feldspathic minerals. It is most probable that the silica existed 
in a state of minute subdivision, diffnsed in the sulphides as I have seen it in some of 
the unchanged silver-ores o£ Lion Hill, in the Oquirrh Range. 

The absence of chlorine and of phosphoric acid in the analysis corresponds well with 
the absence of the species cerargyrite and pyroruorphite, of which no trace could be 
found by the most careful search amor:.g the contents of the mine. 

From the Flagstaff and Silver Star I obtained specimens of wulfenite, 
anrichalcite, galenite, lithomarge, massicot, cervantite, and cerm;site. 
Tbe wulfenite I found in minute, brilliant, yellow, tabular crystals, in 
cavities in ochraceous ores, and also associated with cerussite. Other 
miuera!s found at this locality are azurite, malachite, calamine, angle
site, sphalerite, pyrite, argentite, antimonial, galenite, anglesite, kaolin, 
and limonite. 

A specimen of galena from the Vallejo tunnel of the Silver Star mine 
yielded, on examination, a small percentage of silver. 

Among the rocks I obtained while at Ogden were specimens of aplite, 
protogine, hornblendic gneiss, protogenic gneiss, chlorite, schist, and 
micaceous schist. 

Before closing this chapter I wish to express my thanks to Messrs. 
Nettleton and Somers, of Colorado Springs, and the officers of the Colo
rado Central Railroad in Golden City, for favors and information 
afforded us while in Colorado. 

CHAPTER II. 

FORT ELLIS TO GARDINER'S RIVER. 

On the 22d of June the expedition was divided into two parties at 
Ogden, and I found myself a member of the party which was to make 
Fort Ellis, Montana, the base of operations. Accordingly, after a long 
and tedious stage-ride, we pitched our tents near Fort Ellis on the 29th of 
June. Fort Ellis is situated at the head of the Gallatin Valley, on one of 
the many small streams that contribute to form the East Gallatin River. 
The Gallatin Valley is one of the most fertile in Montana Territory, and 
is surrounded by ranges of mountains which contain choicest bits of 
scenery as well as contribute to the wealth of the Territory. The prin
cipal towns of the Gallatin Valley are Bozeman, Hamilton, and Gal
latin Cit.y. The former contains a population of about .five hundred 
inhabitants. Between Bozeman and GaUat.in City there are numerous 
well-cultivated and productive farms. 
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The streams that form the headwaters of the Gallatin River have 
cut profoundly into the mountain- ~ 
ranges, exposing their structure in F 

the most l>eautiful maimer. The ~ 
:first of the canons to which I will ~ 
refer is Spring or Rock Canon. This ~ 
canon forms a most interesting sub- ~ 
ject of study, and will answer ad- g 
rniral>ly as a type of the others. It ~ 
is a V -shaped chasm, cut through ; 
the end of an anticlinal range by <l 
the stream. The trend of this range ~ 
is northwest and southeast. 'l'he ~ §" 
first thing that attracts our atten- ~ 
tion after we are fairly inside the g 
canon is the occurrence, on the left- -~ 
band side of the creel,, of an arch ~ 
that crosses the road, and, describ- t' 
ing a semicircle on the hill, again ~ 
crosses the road at the upper end ~ 
of the canon. (Fig. 26.) The first ~ 
prominent bed we meet is a layer ~ 
of coarse, gray calcareous sand- ~ 
stone, containing fragments of fos- ~;; 
sils. Proceeding up the eaiion we ~· 
:find the center of the arch is occu- ~ ~ 
pied l>:v masses of Carboniferous ~ : 
limestoi1e, which tower far above ~- ~ 
the creek, giving a most pictur- W ~ , 
esque appearance to the canon. fJ ~ 
Still farther along we come to the s· ~~ 
other extremity .of the arch and ~ ~ r> 
:find the same layer that we saw at * 
tlle opposite end. Following this 8 
layer at the western end of the _8 

canon, that nearest Fort Ellis, we 8 

:find the dip at the bed of the creek ~ 
to be south 450 west; angle, 30o-4oo. ~ 
Farther along we :find it to be south g' 
80° west, the angle remaining about .?. 
the same. Still higller up on the p 
ridge it is north 50o west; angle, ~ 
15o-25o; and when we reach the ~ 
highest point on the l'idge it dips 8.. 
due north at an angle of about 25o. ~ 
Taking this same layer again at the b; 
level of the creek, this time at the 2: 
eastern end of the canon, we :find cr~ 
the dip to l>e in the same direction, § 
although the angle is greater. As cr~ 
we go toward the south it ap- ~ 
proaches more and more to the ver- W 
tical, 11ntil the di1) bec0111es 11orth .. ~ 
east and the rang-e therefore be- t 
comes a true anticlinal. The read- fl 
ing- just aLove the creek on the · 
northern side gives a dip of sou.th 450 west; ang-le, 70o. As we follow 
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Fig. 27. the ridge toward the north, it is south 
300-35o west; angle) 800-850. Still 
higher up it issoutb200west; angle,850; 
and then becomes, within a very short 

i~;;i~~~~~~~l distance, south 1oo west; angle, 88°-90°. As we progress it passes the Yertical 
2 and dips uortbeast at a high angle, 
t which gradually decreases, the dip be-
2 coming more and more northerly until 

~~~~~~~~~~~~ the arch is completed. At the western 3 end of the calion beneath the limestone, 
3 which immediately succeeds the fossilif

erous sandstone, t!Jere is a fine exposure 

i~~~~~~=~~i~ 4 of quartzite-beds, the top layers of w hieh s are so mew hat calcareous. Then comes 
6 a layer of conglomerate made up of 
7 green and brown flint pebbles, varying 

l~~~~~~~~~i~~ from the size of a walnut, to eight inches in diameter. Associated with these peb-
s bles are geodes of quartz, some of which 
9 contain caleite. 

The best section of all the beds ex-

iliiiiiiiiil10 posed in Spring Canon is obtained in 
~ the center of the canon at the point 
~ marked in Fig. 26 by the dotted line S. ' 

~~~;iii!iiiMii· we con1meuce at the top of the hill, which rises 1,160 feet above the level of 
2 the creek. The first becl we notice is a 

highly metamorphic-looking quartzite, 
~~~~~~~S§~~~~13 which crops ont along the summit of 
b= 4 the hill. Its general color is a dull red, 

5 passing in places into a dull purple and 

red and yellow streaks. S.ome of them 
7 have an almost flinty fracture. We esti

mated the thickness of the beds at 50 
feet. Next below these beds are quartz
ites and light gray sandstones followed 
by conglomerates, in the lower layers of 
which the pebbles are very fine. The 
conglomerates are followed by brown 
limestones and sandstones, the weatll-

t::E§:S~~~~~~~~~::L ering of which gives a red tinge to the 
soil. These beds are succeeded by fine, 

.~~il~ dark-gray calcareous sandstones, which 

SECfiON OF THE BEDS IN Sl'IUNG CANON, 

break into laminm of from two to four 
inches thickness. Next to these are the 
coarse-grained fossiliferous sandstones 
that I haye referred to above, (layer 
No. 7 in t!Je section,) containing frag
ments of Ostrea and Camptonectes. They 
might almost be called siliceous lime
stones from the amount of lime they 
contain, but they are made up of coarse 
graim; of sand and more properly de
serve t~e name of Sftndstones. Inter-
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laminated with them are light-brown shale-like sandstones, which ure 
quite soft and "break into numerous larninm. The layers of this saud
stone vary in thickness from a few incl1es to eight feet. Just below 
these beds are very coarse-grained limestones. The thickness from 
the bottom of these limestones to the top of the light-gray sandstones 
mentioned alJo\Te is 260 feet. The coarse limestones are followed by fine
grained compact limestones, the weathered surfaces of which are white. 
Tbese pasR by gradatioRRinto bluish argillaceous shales, containing a large 
percentage of iime, (layer No. 11 in the .section.) Tbese shales weather 
of a white color and contain the following fossils: Trigonia, Anwricanus, 
Pinna, Camptonectes~ and .Morliola, proving their Jurassic age. They are 
very fine-grained and separate into laminm of half an inch to two inches 
thickness. They are very "brittle also, and break readily, the plane of 
cleaYage being at right angles to the plane of deposit. Tbe angle of 
dip of these beds is 20°. The distauce from the bottom of these layers 
to the top of the compact limstone is 100 feet. All the above beds to 
the conglomerates are probably Jurassic, while those above are Creta
ceous. Next below the limestones are fiye feet of yellowish-brown 
sandstone, followed by a bed of quartzite containing veins of quartz 
and calcite in geodes, from which I obtained large crystals of calcite 
of the variety known as dog-tootll spar. The lower portion of this bed, 
which is about tmi feet thick, is very irregular in composition, seeming 
to have been deposited in rough waters. It is succeeded by four feet 
of very compact quartzite, which in turn is followed by a pebbly con
glomerate of two ieet. Next comes eight feet of quartzite succeefled 
by alternate beds of quartzite and limestone, the thickness of the whole 
being 110 feet. Next come 30 feet of red sandstones, wbich are prob
alJly Jurassic, although not even a trace of an,y fossils can l>e found 
in them to prove it. The upper layers of these red beds contain 
lime, the percentage of which decreases as we <Jescend. The angle 
of the dip is about 250. The succ~ssion of these beds is shown in 
tlle section given below. Below the red "beds are immense betls of 
carboniferous limestone, reaching to the !Jed of the creek, a distance of 
435 feet. The upper layers of this limestone are arenaceous. The 
force that caused tile tipping up of the strata in Spring Calion was 
some <Jistance to the south and was dying away at this end of the range, 
so that the older lJeds were not elevated sufficiently to be exposed to 
the action of the stream and are therefore not sho·wn. Tlle carbonifer
ous beds are crushed together in a confused mass, and it i~ difficult to get 
at the true dip. The creek cutting through t;hem has left huge masses 
standing out on the sides, resembling castles, towers, &c. 

The following section, corresponding with Fig. 27, will perhaps show 
the succession .of the beds more clearly. The thicknesses are estimated. 

The section is in descending order. 
Thickness 

in feet. 

1. Red, purple, ::wd gray metamorphosed sandstones.--·---·---- - --···----· ~ 50 
2. Brown limestone. ___ ·----·---··----··---·------··----·-----·---.------· 5 
~: g~~~l~~~~~~~~~se~~~ ~~~ ·. ~ ~~~ :-. ~ ~ ~~:-_ ~ ~~~ ~~ ~ ~ ~~: :~ ~::: -.~ ~ ~:: ·. :: ~ ~ :~: ~=~ ~: ~ } 175 
5. Brown limestone and interlaminate santlstones. ____ . _____ . _. --. ___ . ____ -1 
6. Gray sandstone·----·_·----·--·-·---------·----·-----·----·-----------
7. 5 Co_ars~ calcare<;ms fossiliferous sandstone ___ • __ . _ . _ .•. ____ . _____ •. _. __ . 
8. l. ·with mterlarmuate<l shaly ~:;audstones _______ .. ___ - . - __ -- ---- .. --- .. __ - 360 
9. Coarse limestone·------------·----·----·------··---·-·----·-·---·----· I 

10. Compact limestone--·-·----···-·-··---·----·-----·-----·----·--------· I 
11. Shaly argilaccons limestone __ .. ·-- .. ____ .. _____ ·-_---.·-· .•. --- ________ ) 
12. Yellow-brown sar;,dstone. ____ . ______ . ---- .. -. _ •• _ ..•.. ---- .. ---. __ .. - ... - 5 
13. Quarteite wit]l veins of calcite·-·-···--~-··----·--·-·--·-·-----· ..•• ·---_ 10 
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Thickness 
in feet. 

14. Compact quartzite ...•••.........•..........•..•• ,....................... 4 
15. Conglon1erate ...........•.......................................... - . . . . 2 
16. Yellow limestone........................................................ 3 
17. Cherty limestone.... . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 15 
18. Quartzite .... .... .... .... •..•.• ...••. ...•.. .... ..... .... ...... ...... .... 5 
19. Limestone............................................................... 20 
20. Calcareous sandstone.... . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
21. Li1nestone... ... .... .... ...... ...... ....... .••..• ...... ...... ...... ...•.• 4 
22. Sandstone ....... --~---.................................................. 15 
23. Quartzite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 15 
24. Yellow calcareous sandstone .............................. ---~--......... 5 
25. Red sandstone........................................................... 5 
26. Purple and greenish sandstone.... . .. .. . . . .. . .. . .. .. .. .. .. .. .. .. .. . .. .. • . 2 
27. Spotted purple sandstone................................................ 4 
28. Brick-red sa.ndstone .........................•....................... ,... 4 
29. Purple sauJstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • ~ 
30. Greenish-white qua.rtzite.... ...... ...... ...... ...... ...... ....... .... .... . 2 
31. Pnrple sandstone ......................•....•... ~.. . . . . . • . . . . . . . . . • . . . . . . 5 
32. A~enaceous lim~stone .................... ·--- • · ...... ·-- ---- ---- .. -- -- - ~ 435 
33. L1mestone ................................................ -. -.---- .. -. 5 

Outside of the quartzite bed, with which I have beaded the above sec
tion, there is a succession of beds of hard quartzites and conglomerates 
followed by soft sandstones of steel-gray colors. Just below these sand
stones, which are Cretaceous, there is a layer of bard, green shale con
taining fossils. Outside of them there occurs a bed of limestone. All 
these beds curve around the Spring._Canon layers, to which they seem 
to be conformable. Above the Cretaceous beds there is an immense 
thiekness of brown and dark-gray Tertiary sandstones, (Eocene,) contain
ing bedt: of coal. They also follow the curve of the Cretaceous beds and 
are seemingly conformable to them. They extend for four or five miles. 

About five miles north of Spring Canon there is a range, the Bridger 
Uange, the trend of which is riorth and south. I shall here refer only 
to tlle southern end and western side of this range, reserving any 
further consideration of it to a subsequent chapter. Near the south
ern end of the range there is quite a high peak known as Bridger's 
Peak, which is 9,000 feet above the sea. The crest of the range is made 
up of Carboniferous limestone, dipping southeast, containing Rerni
pronites crenestria, Productus longispinus. Then follows a succession 
of beds as we found them in Spring Uai'ion. Following these, and still 
dipping southeast, are the Cretaceous beds that we noticed outside of 
Spring Canon. In a layer of bard, green shales I found Gryphma, Avi
cula., Pinna, Inoceramus, Tnrr<itella, Orassatella, &c., proving their un
doubted Cretaceous age. Next we :find the Tertiary sandstones, which 
are unconformable to the Bridger layers. There is therefore between 
Spring Canon and the Bridger Uange a synclinal valley th-e floor of which 
is Cretaceous. filled in with the Tertiary san1lstones, dipping northwest, 
north, and northeast at an average angle of 40°. Many of these sand
stones are calcareous and contain veins of calcite. The thickness of these 
beds must exceed 1,000 feet, and from the specimens of fossil-plants 
found in them they are for the most part Eocene. Some of the upper 
layers may be of :Miocene age. 

Opposite Fort Ellis, between our camp and Bridger Peak, there are 
bluffs composed of Pliocene sandstones, marls, and conglomerates. The 
strata are for the most part horizontal, alt.hough inclining sometime£ at 
a very small angle, which. is never more than 5o. The Leight of these 
bluffs above the level of the creek is 175 feet. They are the remnants 
of Pliocene formations that once spread over the ~entire Yalley of the 
Gallatin, and formed the bottom of a vast lake that spread over what 
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are now the Yalleys of the Jefferson, Madison, and Gallatin Rivers, reach
ing to the junction of the three streams. The bills between the Gal
latin anll Madison, and between the Madison and .J e:fl'erson, are Plio
cene, remnants of the same beds, and when we ascend the mountains on 
the southern border of this old lake-basin the whole plan lies spread 
out before us. Each of the rivers has cut deeply into these Plioeene 
rocks, and their valleys are the results of the erosion that has taken 
place since the draining of the ancient lake. The question of f>riority 
of elevation of the Bridger Range, and that into which Spring Calion 
is cut, is one of some interest. That there has been more than one 
force at work to give the surface its present configuration is evideut. 
The question is, whether or not they acted synchronously. The foree~ 
that elevated the layers of Spring Calion ar. d those of Bridger were, 
I take it. entirely distinct from each other and separated by long periods 
of time. The Bridger Hauge was the first to be elevated, and its eleva
tion occurred probably about the end of tlw Cretaceous perioll, and be
fore the beginning of the Eocene, while the range running soutll from 
Spring Calion was elevated some time after the Eocene and prior to the 
deposition of the Pliocene strata. This is proved by the fact that the 
Cretaceous rocks on one side of the valley are conformable to the 
Bridger Range and on the other side to the Spring Calion layers. 
while the Eocene rocks are conformable only to the latter, and the Plio
et>ne rocks lutve been affected by neither range. I believe also that the 
elevntion of the Fig. ~7 a. 
Bridger Hange \Yas _ --------------, 
the more gradual of I J\ 
the two. 'fhe ele\ra. / "~~',"--~ 
tion of the Spring I \ .. 
Calion lay~rs was ~lue ·· ... 
to volcamc act1~m, !:-.\ ··.. · ......... 
the center of w llleh ·,, ·· ... 
lies to the south. 1 ·•.• •• •• 

There have been sev- ~,__ ___ · ___________ ---~'----' 
eral periOdS Of erup- SECTION :?ROM SPRING CARON TO BRIDGER PEAK. 

tion, for in the valley A, Bridger P!Jak; B, Spril:~ Canon; C, ~ertiary; D! Cret~ccous; E, 
of the yellowstone JurassiC; F, Carbomierous; G, Dnft; H, Tertwry hrlls. 

Hiver we find Pliocene sandstones and marl capped by basaltic plateaus, 
while at Fort Ellis there is nothing of the kind, and we will see in a sub
sequent chapter that, some distance farther south, we find Eocene beds 
lifted high up on the mountains. The section shown in Fig. 27a will 
give the relations of the beds between Spring Calion and Bridger Peak. 

I have referred above to the occurrence of coal near Fort Ellis. The 
only rocks in which I noticed it were those of Eocene age. At only 
one point has there eYer been any mining attempted. This one point 
is east of Spring Calion, about four miles sout.heast of Fort Ellis. Coal 
was discovered here in 1867 by two blacksmiths, of Bozeman. Colonel 
J. D. Chestnut, bearing of the discovery, offered to furnish provision8 
to get men to work into the bed, if they would give him a .share. This 
they did·, and afterward left him sole owner of the elaim, wiJich in
cludes one hundred and sixty acres. Fig. 28 is a section of the coal 
bed, C showing the opening into it. The :::;haft. peuetrat~s the bed in 
a horizontal direction, and bas reached a depth of 250 feet from the 
entrance. The width of the shaft is 14 feet at the widest part. The 
bed of coal is considerably wider, and dips norrh 50° east; aHgle: 800. 
On each side of the coal there are beds of blui:::;IJ argiEuceous sand· 

8 G S 
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stones, which are followed by coarse, gray sandstones. When the bed was 
first opened there were several seams of clay in it, but as the shaft pene-' 
trated deeper they gradually thinned out, and at present there is only 

Fig. 28. one in the center of the coal, 
having a thickness of about 
twelve incites. The coal is a 
lignite, and is well adapted 
for blacksmiths' purposes. 
It is used, I believe, by black
smiths of Bozeman, who like 
it very much. Some of the 
coal was taken to Helena, 
and is said to have yielded 
five cubic feet of gas to the 
pound. As the shaft goes 

, deeper the quality of the coal 
seems to improve. Up to 
the present time there has 
been but little demand for 
coal. One reason of this, 

aa, Sandstone; vv, Co~l; d, Searnofclay; C,Opcning perhaps, is the abundance of 
mto coal. timber in the mountains 

near Bozeman, and another reason, perhaps, is that hitherto there 
b.11ve been few facilities for transportation, the road through Spring 
Carron having only lately been completed. There is but little doubt, 
however, that ultimately this coal will be extensively used. When the 
Northern Pacific Hail road is built through this region the utility of the 
coal- beds near Fort Ellis will uecome more and more apparent. 

I have made the following analysis of the coal. No. 1 is a poor speei
men, No.2 medium, and No. 3 the best. The coal is black, (brown iu 
powder,) has a high luster, irregular fracture, specific gravity. The 
co1{e is moderately good, awl ltas a high luster: 

Analysis No. 1. 
Per cent. 

Water .......................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 00 
V olati Je matters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32. 90 
Coke...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44. 10 
1\.sh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17. 00 

100.00 

..:lnalt·sis No.2. 
P er cent. 

\Vater ...... ........................................•....................... 3.00 
41.50 
43.50 
12.00 

Vo1atile matters ............. '" ............................................ . 
Coke ....................... . ..... ____ ........................ ____ .... __ _ 
Ash ... .............................................................•....... 

100. 00 

.Analysis No. 3. 
Per cent. 

\VnJer ........... _ ....... _.. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 00 
Volatile matters ...... ·----- .............. ------ ............ ··-···......... 34.50 
Coke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50. 50 
Ash, (white).............................................................. 8. 00 

100.00 
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For purposes of comparison I insert here analyses of coal from Utah: 

.Jnalysis of coal fron~ Evanston, Utah, (mine of the Rocky Mountain Coal ancl Iron Corn
pal~y.) 

Per cent. 
\Vater. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 00 
Volatile matters...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42. 00 
Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '15. 00 
Ash, (reddish)................ . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . u. 00 

lUO.OO 

Arcrag• of th1·ec analyses of coal frorn Evanston, Utah, by Persijo1· Fmsm·, jr., and F. 
Platt, csq., (United Stales Geological Stm:ey of Wyoming, 1870, page 184.) 

\Vater ........................... _ .. _ ... _ ..... __ ....... ____ .. ___ ... _ .. _ .. 
Vola,tile su bstauces ....................................................... . 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Fixed carbon ............................... _ ............................. . 

Per cent. 
5.83 

37.40 
7.46 

49.50 

100.19 

The following is an analysis of coal from the mine of Buel & Bate
man, at Coalville, Utatt Territory. This was formerly called Sprigg's 
mine: 

Analysis. 

Water .......... _ .. ............ _ ..... __ ... ____ .. ____ .... _ ... _ ... _ . _ ... ____ . 
Volatile substances ....................................................... . 
Carbon ........................................................ --~- ...... . 
Ash ......•............................................................... 

Per cent. 
6.50 

41.70 
4-!. 80 
7.00 

100.00 

Analysis of specimen, from the sanw mine, by Persifor Fraser,jr., (United States Geological 
Su1'VCJ.J of Wyoming, page 183.) 

Per cent. 
Water and volatiJe substances.... . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . 50. 80 
Ash ....... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::l. 60 
Fixed carbon...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45. 60 

100.00 

·About a mile or two south of Spring Canon I visited a second canon 
which another branch of the Gallatin has cut in the range. The gen
eral direction of the stream in this canon is north 75° east. The expos
ure of the Upper Cretaceous beds is perhaps better here than in Spring 
Canon. The first exposure is a bed of white crystalline limesto:qe, dip
ping south 500 west; angle, 5oo. This limestone is followed by red and 
yellow sandstones, which are themselves succeeded by a be<l of brown 
limestone, weathering bright yellow. Tuese occupy between one and 
two hundred feet. Then follow the soft, gray sancl~tones that I noticed 
near Spring Canon an<l Bridger Peak. 1'hey continue for about half a 
mile, when we come to Jurassic roeks, tbe first be<l of which we recog
nize as one of the Spring Uaiion layers. It dips south 40° west; ang-le, 
85o. It is followed by tlle same beds we saw in Spring Canon. They 
are in fact only a continuation of the same. The Carboniferous lime-
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stones form the center of the ridge, the outer layers on either side dip
ping in opposite directions, on the eastern side dipping northeast and 
those on tbe western side southwest. The general strike is south 300 
east. The exposures in the canon were very fine, but I found nothing 
differing from what I have described in Spring Canon. 

O.r;t the 13th of July I started on a trip to Mystic Lake, about twelve 
miles nearly south from Fort Ellis. After a pleasant ride over the 
grassy plain .that slopes gently from the mountain's edge we began to 
ascend and soon found ourselves entangled in a mass of dead and 
faJlen timber. After considerable trouble we reached the summit of the 
hill to find that we had to descend again on the oppf)site side. The hills 
are so covered with vegetation and debris that the character of Hs rocks 
cannot be made out certainly. High up on the sides, however, there 
are small exposures of limestones and sandstones, and it is probable that 
the valley is underlaid by Cretaceous formations. What their exact 
relation is to the ridge running south from Spring Canon it is rather 
difficult to determine, though it is probable that the trail runs through 
a synclinal valley on one side of which lies the Spring Calion Ridge. 

The trail leads us now through pine-forests and anon across beautiful 
little valleys, each a garden of wild flowers. At last, after crossing 
several ridges, we reach the lake. Mystic Lake is the bead of Boseman 
Creek, one of the branches of the East Gallatin River. Near it, on a 
level fully one hundred feet higher, are two exquisitely beautiful lakes, 
whose beauty is half hid by the trees fringing their banks. One of them 
we named Emerald Lake, from the deep-green tint of its waters. 

The valley in which these lakes are situated is synclinal, one side being 
the continuation of the Spring Canon Ridge and the otller a spur run
ning south from Mount Ellis. Opposite the lake, to the southeast, there 
is ·a volcanic range, at tlw base of whicll we find the Spring Canon 
layers, having a general <lip to the southwest. The other si<le of the 
synclinal cuts obliquely across the lower end of Mystic Lake, the strata 
dipping north 400 east; a11gle, 500-600. At present the lake is about 
three-fourths of a mile in length and about one-fourth of a mile wide. It 
once extended farther up the vall~y and lay in a saucer-like depression. 
From the gradual elevation of the valley or some other cause, as the 
draining of the lake by the erosion caused by its outlet, at present it 
occupies the lower end of the valle,y, lying on the edges of the Cretace
ous, J urassjc, and Carboniferous strata. 

The course of tbe stream of which Mystic Lake is an expansion is 
about south 200 west, making an angle of auout 60° with the strike of 
the strata. On the western shore of the lake tllere are exposures of 
Jurassic sandstones and limestones precisely like those of Spring Canon, 
and in which occur Ostrea and Oamptonectes. Below the Jurassic come 
immense beds of quartzites and limestones, the upper layers of whicll are 
undoubtedly Carboniferous, containing Productus longispinu8, Spirifer 
lineata, Hernipronites crenestria, Productus scabricultts, Zaphrentis, &c. 
The thickness of these beds is over2,000 feet, and the lower strata should 

· probably be referred to a lower geological horizon than theCarbouiferous. 
As we go south the strata turn more and more towanl the west. As 
we go toward the north we find Mount Ellis, the extreme northern end 
of the spur or ridge. The elevation of Mount .Ellis is 8,41!) feet abovg 
the sea. It is composed mainly of Carboniferous limestones, while to 
tlJe west aud at the base are gneissic rocks. Tbe elevation of this ridge 
was probably contemporaneous with that of the Bridger Hange, as its 
formation seems to be similar. As we follow the ritlge southward it 
curv-es until the trend is almost east and west. It probably once formed 
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a portion of the southern shore of the ancient lake, as the Bridger Range 
did part of the eastern shore, while Mount Ellis and Bridger Peak may 
ha,ve been promontories projecting into it. The action of volcanic 
forces within a very short distance, however, bas complicated matters 
to such an extent that any opinion must be conjectural, and future 
careful study will be required to prove or disprove. The elevation of 
the lake above sea-level is 6,468 feet, which is 1,533 feet higher than the 
elevation of our camp at Fort Ellis. The synclinal valle.v, 'vbich I 
referred to abo\e, bas no later rocks t.ban the Cretaceous. Why there 
should be no Tertiary beds here is perhaps a little difficult to understand. 
That there have never been any is evident, or there would be some 
remnant or trace of them left. Erosion could scarcely have removed 
all without some trace being left. Moreover, this is not a valley caused 
by erosion. Perhaps the elevation of this point, which may have been 
greater in the past, precluded tile possibility of the Tertiary beds reach
ing this point. 

Bozeman Creek, leaving Mystic Lake, flows at first a little west of 
soutll, and turning flows more toward the west, until finally it flows in 
a uorthwesterly direction. At first it cuts its way in a deep gorge 
almost at right angles to the strata, over which it rushes in a series of 
cascadeR half hidden by the overllanging vines and brush. Witllin a 
quart.er of a mile it falls about five hundred feet. Just below the lake 
it is joiued by a stream coming in from the left. It heads at the base 
of the volcauic range, which lies to the east of Mystic Lake. Following 
the course of this creek there is a bed of volcanic breccia which bas 
flowed from the head of the valley. It is composed of sharp angular 
fragments of basalt, varying in size from three inches to a foot. The 
prevailing colors are black and a brick red. Tile cernent.ing material of 
this breccia seems to contain fragments of sandstone like those seen in 
the Eocene beds. The belt covered by th~ bed of breccia is not over a 
quarter of a mile in width. 

The minerals I obtained while at Fort Ellis are as follows, viz: rhomb
spar, dog-tooth spar, quartz, agate, red and yP-llow jasper, and coal. 

We left Fort Ellis on tbe 20th of July and started for the valley of 
the Yellowstone. For a bout tbree miles our course was in an easterly 
direction, when we turned toward t.he southeast and followed one of the 
branches of Mill Creek, the stream that flows tllrough Spring Calion. 
Our road led us o,-er Tertiary sandstones. Camp No.2 was in a mono
clinal valley, near the head of :Mill Creek. Tlle hills on the east side 
of the valley were Tertiary, while those on the west, <lipping in the same 
direction, were Cretaceous. The former were about 400 feet high and 
composed of sandstones, the texture of which varied, some of the layers 
being quite soft, while others were very hard, seeming to have been met
amorpbosed. Many of them contained impressions of deciduous leaves, 
which Professor Lesquereux has determined to be Eocene. Among 
them he found Platam.ts aceroides, Fagus antipofi, Salisburia polyrnorpl!a, 
Juglans denticulata, mul Gym,1Wfp·anunct Haydenii. He says, "The most 
interesting discovery is tllat of Salisbnrict pvlymo'f-_pha, described from 
E,-an's specimens or Vmlcou,-crs Island, a long time ago." This would 
indicate a correspoudeuce in the Tertiary flora, of the Pacific coast, and 
tha,t on the east side of the Rocky Mountain divide as at present consti
tuted, and thus point~ to the modern eleYation of the range. Mr. ~leek 
tinds also a correspondence in the Cretaceous shells of the two localities 
referred to, and says also that they do not correspoml to the forms found 
farther east, which would learl us to suppose that at tbe period of Uwit· 
th•position the divide of the Rocky ~lonntniu must have been more to the 
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eastward of the present divide. One of the layers containing the best fos
sils showed a plane of cleavage that was oblique to the plane of deposit, 
rendering it extremely difficult to get perfect specimens. The color of 
these sandstones was mostly a gray, passing in places into a greenish tint. 
Intercalated with them were some beds of basalt, which was probably 
the cause of the metamorphism observed. In climbing over these hills 
I found numerous indications of coal-beds, one of which was just above 
our camp. There was no outcrop visible, but a prairie-dog in burrowing 
had penetrated the bed, aud revealed its presence by the coa.l he had dug 
out. On the 21st I visited the hills west of camp. The first ridge was 41U 
feet above the level of the creek, and. composed of gra.y and green sand
stones containing Inoceramus and other Cretaceous fossils. The dip of 
these strata is 500 northeast; angle of inclination, 65°. The layers be
tween this ridge and the Eocene on the opposite side of the valley, having 
been soft sandstones, have been washed away to form the bed of the 
stream. From this first ridge I ascended to the next, still higber, but 
parallel to the first. The first strata were light-gray sandstones, very 
much metamorphosed. These beds, which I take to be of Cretaceons 
age, continued for about half a mile, and were followed by 50 feet of 
coarse, reddish sandstones, the lower layers of which were conglomerate. 
Next came a layer of very hard sandstone containing fragments of 
fossils. This was about 10 feet in thickness, aud is followed by 30 feet 
of white quartzite. The summit of this ridge is 818 f~et above the 
valley and 402 feet above the top of the first ridge. I followed it until 
the timber obstructed my passage, and I returned to the valley. These 
beds are a continuation of those exposed at Spring Canon, and are 
underlaid by the Jurassic and Carboniferous. Our course on the 21st 
was up .the valley to its head, when we crossed the divide to Trail Creek, 
a tributary of the Yellowstone River, which we followed and camped in 
the valley of the Yellowstone. This divide is 5,821 feet above the sea .. 
The strata here have been so leveled and covered with debris and vege
tation that it becomes very difficult to trace the various beds. It is 
probable, however, that they curve toward the east and cross the valley, 
for a few miles after leaving the divide there is on the left-baud side of 
the road an exposure of Carboniferous limestones dipping a little east 
of north. On the right hand, a few miles to the south and west, there 
are numerous volcanic peaks, their sharp, jagged edges standing out 
boldly against the sky. As we neared the valley of the Yellowstone, 
we came to a bed of volcanic breccia, resembling that at Mystic Lake 
and originating evidently in the same center of eruption. Trail Creek 
has cut through this breccia, leaving a high butte standing on the left 
bank of the creek a few miles from its mouth. The top of this butte 
seems to be composed of compact rock. A few miles from the divide 
on Trail Creek there are coal-beds, none of which, however, have ever 
been mined. 

Camp No. 3 was in the Yellowstone Valley, on Eight-Mile Creek, a 
few miles from its junction with the river. The valley of' the Yellow
stone is filled with Pliocene deposits of abou.t 150 feet thickness, on top 
of which there are horizontal beds of basalt, which once probably ex
tended over the whole valley, forming an immense plateau through 
which the river has cut its bed, removing immense quantit,ies of ma
terial. The basalt is covered with local drift from the mountains. The 
foot-hills on the western side of the valley are composed of volcanic 
breccia. 'I'he.re has evidently been more than one period of eruption, 
for farther np the va1ley there are several layers of basalt, between 
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which there are Pliocene sandstones. The columnar form is beautifully 
shown iu many places throughout the valley. 

From Uamp No. 3 I ascended the foot-hills which lie to the west, 
bordering the Yellowstone Valley. These hills rise about 3,000 feet abO'\'e 
the level of the river. Proceeding three miles from the river we reached 
the base of the hills and found the lower ones rom posed. almost entirely 
of breccia, while farther back we find laminated trachytes, which are in
clined at an angle of about 40o, as though the lava had been poured 
fort.h in successh'e layert:l and, after cooling, bad been tipped up by sub
sequent volcanic action. It is probable that under this volcanic mass 
we would find all the sedimentary rocks, from the Cretaceous to the 
Carboniferous or even lo\YCr. A few miles from the river, where the 
small ·streams have cnt deeply into the hills, we find rocks containiug 
CretacP-ons fossils. Farther up, however, the volcanic rocks conceal all 
the underlying formations. 

Our next camp, No. 4, was some eight or ten miles farther up the 
valley, on a basaltic plateau near Bottler's ranch. The general eleva
tion of this plateau abO'\'e tl1e river is between 100 and 200 feet. Near 
Bottler's there are several good exhibitions of basaltic columns, and on 
the opposite side of the river the underlying marls and wilite sand
stones. A few miles west of Bottler's we find ourselves in the midst of 
Yolcanic rocks of all kinds and colors, basalts predominating. The pre
Yailing color of tilese rocks is a brick-red and dull purple. Scattered 
over tile hills, as ·well as throughout the entire '\'alley of the Yellow
stone, we find chips of black obsidian, cha.lcedony, agate, and jasper. 
I got some very 
good specimens of 
red jasper associ
ated with blue chal
cedony, and also 
specimens of oliY
ine from the basalt .. 

We left Bottler's 
on the 24th, and 
started up the Yal
ley, camping in the 
afternoon (Camp 
No. 5) on Canon 
Creek, eleven miles 
a hove Bottler's. 
Calion Creek joins 
the Yellowstone 
just after the latter 
has emerged from 
the second canon. 
(Fig.29.) Therocks 
of the second canon 
are all gneissic, and 
as I described them 
in the report for 
1871, I will pass 
them h ere. B e . 
tween Bottler's an(l 
the Recond canon 

Fig. 29. 

SECOND CARON OF YELLOWS10.NE RIVER. 

the trail leads us along the western side of tile Yellowstone, being part 
of the way at a cousillerable height above the ri,·er on bluffs of Yolcanic 
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breccia. The prevailing color of this breccia is a gray, but the included 
masses 'have an almost infinite variety of color, green, purple, and red 
masses being abundant. 

On the 24th of July, in company with Messrs. Wakefield and Savage 
of the expedition, I started up Canon Creek from camp No. 5 with the 
intention of crossing the hills west of the second calion and striking 
the Yellowstone Ri,-er near Cinnabar Mountain, where the party ex
pected to camp. The valley of Canon Creek is quite wide and well 
watered, there being several small lakes bordering it. We followed the 
course of the stream but a short distance, when we struck up on the 
hills. 'fhe volcanic rocks here seem to be in contact with the gneisses. 
Scattered among the volcanic rocks I found silicified wood in abundance. 
After a long and arduous climb over the lower hills we reached a long 
ridge of volcanic breccia, which seemed to be a 8pur of the main ridge, 
and to the s; Jmmit of which it led. It projected from it at a right angle. 
So fol1owing it up we at last gained the top, and found ourselves on the 
edge of a precipice, which formed a portion of the opposite side of tlw 
ridge. Looking over the precipice we saw we were on the top of a 
blanli vertical wall of over 2,000 feet in height. The elevation of the 
mountain we were on was 9,478 feet above sea-level and 4,377 feet above 
the camp (No. 5) we had just left. The view from tbe summit, how
ever, repaid us well for our toilsome climb. To the south and west the 
entire country seemed to have been subjected to the most intense vol
canic action, followed by an immense amount of erosion. Somber
colored ridges, with sharp, piercing peaks and conical crater-like points, 
with deep gorges between, testify to the former disturbances. All about 

;· us were deep banks of snow. In order to descend we were obliged to 
follow the ridge toward the north until we came to a spur projecting at 
·right angles from it. This spur sloped gradually to the valley of Cin
nabar Creek, a small stream tributary to the Yellowstone River. \tVe 

' descended on this spur to Cinnabar Creek, and then followed it around 
•Cinnabar Mountain, reaching camp at night-fall. Cinnabar Mountain 
shows a patch of the sedimentary rocks that m·erywhere else near here 

. seemed either to have been covered by the outflow of lava or to have 
.been washed away. It -is probable that both causes have operated. 
·The northern portion of the mountain is made up of granitic rocli:s, a 
.continuation of those seen iu the second canon. Upon these rocks rest 
~ quartzites, followed by limestones, the upper layers of which are un
-doubtedly Carboniferous. The limestones are followed by quartzites 
.again. One ridge of this quartzite forms the nortbern wall of the 
Devil's Slide, while the southern wall is formed of a dike of dark-green 

'porphyritic rock. This dike probably separates the Carboniferous from 
the j-urassic. Between these two almost vertical walls the softer ma
terial has been washed out. Adhering to tlwdike are pieces of a blue-clay 
slate, and following it we find Jurassic beds of slates and limestones con-

' tainin g Mya8cite8 subcompre8sa, Pholadomya, and Camptonectes. Next come 
· Cretaeeous beds, in which there are indications of coal, and containing 
.Scaphites, V entricosa, Baculites, Ostrea, Inoceramus, and Trigonia. All thB 
beds I have mentioned above have a dip to the southwest and an inch

' tion of from 5oo to soo. About a half mile above the Devil's Slide we 
,find .that the beds seem very much crushed together, and within a very 
short distance dip southwest, and are horizontal and dipping northeast. 
A visit to one of the high peaks in the neighborhood gave us a clew to 
this curious contortion of the strata. 

·On the morning of the 26th of July Messrs. Gannett, Brown, and 
myself startPd to make the ascent of the peak, wbiclllay to the ~ontll-
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west of camp. Onr way was up a long ridge, which seemed to us to 
leau to the summit of the peak. The rocks imwetliately beneath us 
were Cretaceous sandstones. On reaching the t> ;-'\TI~l}~\~' · 
timber-line (9,442 feet above sea-level) we 0 Jf'l, 1 ,,

1

:)·1A~ 
found we would have to finish the ascent on 8_( ( ~ ~--~J ,,.~\~ ~. 
foot, as the slope became too steep for the s· 11~: '\\\ \ \ 
horses. So dismounting we picketed them, ~ fl , .. :l . 
and started for the summit. The sandstones :tJ ji '\~~~·t ., IP 

over which we passed reach within 500 feet of s· 1,' l ~~ · 
~~ A ~ the top, dipping to the northwest. The sum- - !J. · • 

mit of the peak seemed to be made up of an _1:0 ' ~ ·" ,. 

immense pile of broken-up Yolcanic rock, (a 1:0 

rusty-gra.v trachyte.) When we were within i 
about 500 feet of the top a storm came up, and .,.. 
we were enveloped in clouds. The ascent here _o 
was very difficult, as the fragments of rock st 
were very sbarp, aud most of them loose, slid- ~ 
ing from beneath us as we climbed over them. 8 
Mr. Gannett succeeded in attaining the highest g 
point and depositing his instruments, when he _t; ~ 
discovered that he was in the midst of an elec- o ::J 

QO 0 

trical cloud, and his feelings not being of the ;; z 
most agreeable sort he retreated. As he neared ~- ~ 
us we observed that his hair was standing on ~ ;:: 

0 Cl 

end, as though he were on an electrical stool, g ~ 
and we could hear a series of snapping sounds, ~ ~ 
as though he were receiving the charges of a _t-<~ ~ 
number or electrical frictional machines. Mr. ~;:J rn· 

Brown next tried to go up, but received a shock ~~- ~ 
which deterred him. The cloud now began to ~-'? ~ 
settle about us, and we descended some 500 ~-~ ~ 
feet, and waited until the storm passed over. · ~ ~ 
About 4 o'clock in the afternoon we succeeded ~@ 
in reaching the top, and Mr. Gannett found the ~ ~ 
altitude of the peak to l>e 10,992 feet above the ~ ~ 
sea. WenameditElectricPeak. Tbeeastern <·~ 
side is hollowed, attd from the base two small -~ ~ 
creeks flow to join the Yellowstone. Between q; :-: 
the peak auu the Hot Springs, on Gardiner's 9 
River, there must have been acenterofvolcanic ~ 
action, for the sedimentary beds opposite the ~ 
springs dip in the opposite direction to that of -~· 
the beds on tbe \Vestern side of Electric Peak, -~ 
and the space between is filled with volcanic 
material, from wuicb a cone-like mountain [ 
nses. Tbis will al~o explain the crushing to- ~ 
gether of the strata al>ove the Devil's Slide. g
Descending the peak after completing our ob- ~ 
servations· we reacheu our horses about 6 H 

o'clock in the evening, and soon were on the -~ 
way toward camp, '\ith, however, but little 
hopeofreachingit that night, as the main party 
had started up the river in the morning after 
\Ve left.,camp. After dark we camped on t.he 
banks of Cache Creek, some milPs from the 
valley of the Yellowstone. The next day about noon we reached 
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camp at the Hot Springs, on Gardiner's lli ver. Opposite the springs 
there is a high wall, which presents the edge of Cretaceous and Lower 
Tertiary st,rata for a vertical distance of nearly 2,000 feet. The ri Yer 
has cut its way through a sort of a rnonoclinal valley, resting on 
either Carboniferous or J nrassic beds, w bile on the east side of the 
river we ha,·e the Cretaceous beds I spoke of above. The lower layers 
are ver.v calcareous, and contain thin beds of I imestone, from which I 
obtained good specimens of calcite and Iceland or double-refracting 
spar. Near the forks of the river, about llalf a mile above the springs, 
we have exposures of lower beds, in which there are seams of eartlly 
lignite, associated with which I obsen-ed seleuite, coating some of the 
argillaceous sandstones. There is an exposure of this earthy lignite 
some four miles farther down the river, a continuation probably of 
tbe same beds. Near the top of the wall there are Tertiary beds inter
calated with basalt. The topmost layer of the latter stretches away to 
the east in a broad plateau, and on the edge the columnar form is 
well shown. It probably once extended on both sides of the river, and 
came from a point west of the springs. All the beds meutioned above 
dip to the northeast at au angle which averages about 150. The 
limestones which dip under Gardiner's River extend under tlle Bot 
Springs, and are probably the source of tlw lime observed in tl1e waters 
and deposjts. Tile section shown in :Fig. 30 will perh aps show more 
clearly the relations of the various beds near the Hot Springs. 'l'he 
spTings were so fully described in the report of last year ( ll::l71) that I will 
not take the room to describe them agaiu, inasmuch as it would be a mere 
repetition. We spent two days in camp there this year, during which 
time I made a more complete record of the springs <lll<l their tempera
tures and noted the changes that have taken place siuce our last visit. 
Since then t,Iwre Lave been a number of cabins and batll -houses erected, 
and notwithstanding the difficulties of reaehing tlle springs there were 
about thirty persons there enjoying the benefits to be derived from 
drinking and bathing in the waters. 

The top of the gorge in which the springs are situated is 1,285 feet 
above the level of the river. I will commence with the springs at the 
level of the river. These are seven in number, and remain about the 
same as the.v were last year, with the exception that so.me of them have 
been artificially enlarged. The temperatures here are lower than we 
:find higher up, and the springs are filled with bright-green Confer
voiclea. The following table gives all the points of interest in regard 
to these springs : 

Sp1·i11gs at the level of the 1·ivm·. 

Time of observation, 8.30-8.40 a. m., July 29 , 1872.-There was no perceptible gas given off. 

N0. Size of spring. Depth. Temperature Temperature I Elevat;on abo,·e 
of air. of spring. sea-level. 

- I 
Inches. Inches. Feet. 

1 12xl2 3 70° F. 104° F. 5,750 
2 30x30 12 70 104 5,750 
3 ........... - ... -- ........ . .. .. ... .. . -...... -.. 70 111 5,750 
4 24x24 . -............... -. 70 114 5,750 
5 ~ Arti:fieially ~ -- .. -.............. -. 70 112 5,750 
6 . .... -- .. -... ~ -..... 70 94 G,750 
7 enlarged. .......................... 70 132 5,750 
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As we go from the river up the hill toward the main springs we meet 
with a large pool of hot water of about 100 feet diameter. It is 230 
feet above the level of the river, an<l on its e<lge there are several 
springs. Of two I took tlw temperatures, and found them uoth to be 
1400 F., the temperature of the air being 6u0 li'. and the time of obsen·a
tion R a.m. A short distance farther up we came to the main mass of 
springs, arranged on a series of terraces at different levels. The :first 
terrace is 528 feet above the level of the river. The principal springs 
are on the :first ten terraces, and as we go up the valley we find that, 
although there were once many springs here of a most active character, 
at the present time they have nearly all died out. The first four or five 
have the hottest springs. The boiling-point at these springs varies from 
1990.5 to 2000.9. I give the temperatures, &c., below in tabular form. 
The observations were all made on the 28th of July. 

>:i 
0 
:;; 
«: 
p. 

Position of spriug. 
>< 
~ Size. Gas given off. 
,a 
0 

~ .... 
~ 0 ..::> ~ ~ 8 s ;::) eq Q) 

~ ~ 

1 First terrace .. . 
2 .... do ...... . .. .. 
3 .... do .......... . 

8. 40 a.m. 5 ft. X 7ft....... 6 in. Sulphuretted hydrogeu 
s.40 a.m. Fissureof30ft .......... .. .. do ............. .. 
8. 40 a. m. Fissure of 14 ft.. . . . . . . . ..... clo ............. .. 

4 .•.. do .......... . 8. 40 a.m. Fissure of 6ft .............. do .............. . 
5 Second terrace .. 9. 00 a.m. 20 in. X 20 in .... 12 in ....... do .............. . 
6 .... do .......... . 9.10 a. ru. 15 in. X 35 in .... 12in ....... do ............. . 
7 .... do ......... .. 9. 20 a. ru. 40 in. X 50 in .... 16 in ....... do ............. .. 
8 Fourth terrace .. !l. 25 a. ru. 29 in. X 20 in .... ::!6 in ....... do ............. .. 
9 Fifth terrace ... . 9. 30 a.m. 50 in. X 60 in .... 24in ....... do .............. . 

10 Sixth terrace .. . 
11 .... O.o ......... . 
12 ... do .......... . 
13 .... do ...... · .... . 
14 .... do ......... .. 
15 .... do .......... . 
16 .... do .......... . 
17 .... do ......... . 
18 Seventh terrace 

i!l!!: ;; ~~lj) ::::: !!l :::j !! ::::::::::;::: 
10. 00 a.m. 150 ft. X 70 ft . . . 10ft. Carbonic acid - . . . .... . 

19 .... do ......... . 
20 Eighth terrace .. . 
21 Ninth terrace ... . 

10. 00 a.m. 100ft. X 50ft . .. 10ft. Sulphuretted hydr.ogen 
!l. 45 a.m. 9ft. X 13ft . . . .. 3ft ....... do ............. .. 

10.10 a.m. 20in. X 2in ..... 6iu ....... do .............. . 
22 .... do .......... . 10.12a.m. 100ft. X 25ft .... 5ft. ...... do.- ........... .. 
23 .... do .......... . 10.14 a.m. 4ft X 7ft ...... 18in ....... do--·-·· ....... .. 
24 .... do ......... .. 10. 14 a. m. 2 ft. X 3 ft . . . • . . 3ft. . ..... do .............. . 
25 ... . do .......... . 10. 15 a.m. 2 ft. X 3 ft . . . . . . 1ft. . ..... do .............. . 
26 .... do .......... . 10. 15 a.m. 2ft. X 3ft ..•... 6 in ....... do .............. . 
27 Tenth terrace .. . 10. 30 a. m. 2 ft. X 3 ft .. . . . . 1 ft. . ..... do .............. . 
28 .... do ......... . 10.30 a.m. 3ft. X 3ft...... 6in ....... do--···· ........ . 
29 Eleventh tPrrace . 10.35 a.m. 6 in. X 6 in...... 7 in ....... do .............. . 
30 .... do .......... . 10. 40 a.m. 6 in. X 2 in...... 6 in ....... do .............. . 
31 .... do ......... .. 10. 40 a.m. 10 in. X Bin .... 5in ...... do ............. .. 
3-2 Twelilh terrace. 
33 .... do .......... . 

g~ : : : : ~~ : : : ~ : : : : : : . 
36 .... do ......... .. 
37 .... do ........ .. 
38 .... c1o .... ..... .. 
3!} .... do ......... .. 
40 Thirtee'h terraee. 
41 .... do .......... . 
42 .... do ..... . ... . . 

~~: ~~ ~: :: :::::: :::: :: :::: : : :::: : : :: ~::: ~~ :::: :: :: : :::::: 
1~. 20 p.m. . ............................. do .............. . 

~~J~ ~: :: :::::::::::::::::: :::::: ::::::~~ ::::::::::::::: 
12.26 p.m .................. .... .. . ...... do .............. . 

~i: ~~ ~: ~: .................. ::: : : : : ::: : : ~~ :::: :: : :::::::: 
1 1. OU a. m. ( Fissure of 3 ft .............. do . . . . . . . ...... . 
11. 00 a. m. 5 . . . . . . . ..... do .............. . 

43 .... do .......... . 
44 .... do ......... .. 
45 .... do .......... . 
46 .... do .......... . 
47 ... do ......... .. 

11. 00 a.m. ] ............ do ............. . 
11.00 a.m. Gevsor-like ............ do .............. . 
11. 00 a.m. J ttibes. . ........... do .............. . 
11.00 a.m. . ........... do ............. .. 
11.00 a.m. .. .......... do .............. . 

-~ 
>< ·c; 
~~ 
oQ) 

..<:: 
8~ 
;::)>< 
+>.<:! 

£~ 
A 
8 
Q) 

E-i 

70 
70 
70 
70 
69 
69 
69 
72 
74 
80.5 
80,5 
80.5 
80.5 
80.5 
80.5 
80.5 
80.5 
72 
72 
72 
74 
74 
74 
74 
74 
74 
74c 
74 
74.5 
74.5 
74.5 
78.5 
78.5 
71:3.5 
78.5 
78.5 
78.5 
78.5 
78.5 
78 
78 
78 
78 
78 
78 
78 
78 

Co 
Q 

·~ 

~-~ 
~~ 
~Q) 
><>< 
;::)P 

..,.ol 

~R 
O.l;:< 
p. .... 
s 
Q) 

E-i 
--

0 

150 
152 
HiO 
158 
144 
162 
1fi2 
152 
152 
150 
148 
148 
142 
152 
148 
152 
132 
150 
154 
122 
157 
162 
162 
162 
1G2 
162 
120 
162 
154 
148 
150 
160 
162 
160 
162 
160 
162 
160 
160 
142 
14G 
142 
142 
108 
130 
144 
144 

.s 
<:! 

~ 
~ 
p. 
0 . 

~] 
Q 

.9 
~ 
;;. 
Q) 

~ 
~-

6, 278 
6, 27il 
6, 278 
6, ~78 
6, 30-1 
6, 304 
6, 304 
6, 412 
G, 4u5 
G, 491 
6, 491 
li, 4!Jl. 
G, 491 
G, 491 
G, 401 
6, 491 
6, 4!ll 
G, 531 
G, 531 
G, 536 
6, 591 
G, 591 
6, 5!)1 
G, 591 
6, 591 
6, 591 
6, 596 
6, 596 
6, Q03 
6, 603 
6, 603 
6, 681 
6, GRl 
6, G8l 
6, 681 
6, 681 
6, 68l 
6, G8l 
6, G81 
6, 738 
6, 758 
6, 738 
6, 758 
6, 758 
6, 758 
6, 758 
6, 758 
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Gas given off. Position of spring. Size. 

-~ ell .;:; 
.;:l 

.:::: ~~ ~ " ~~ Q a) <+-<,.q 
0~ > ,.q · _g...; O!=l <l)<ll 

""c::> """" o;,! 
~"" ~~ ...,,.q .... ~ § c':ce c,:~ 

~R Sl:= :;3 
p, 

~-"' <iS 
s > 
a) Q ~ 

E-l E-l ril 
--~ 

48 .••. do .....•.... . 
49 .... do------ .... . 
50 .... do ......... .. 
51 .... do .......... . 
52 .••. do .......... . 
53 ... . do ......... .. 
54 Fourtee'h terrace 
55 .... do ......... . 
56 .... do ......... .. 

12. 05 p. m. l ............ do ............. . . 
12· 05 p.m. Geyser-lik e ............ do ............. .. 
12. 07 p. m. t u b o s o n . -.- . . . ..... do ... - ... . . - .... . 
12. 07 p. m. I d .........• . . <lo .•••.. . ..•..•. . 
12. 10 p. m. moun 8 ' . . . • • • . .••.• do ...... . ....... . 
J 2. 10 p. ru. ) ............ do ............. .. 
11.11 a.m. 12 in. X 12 in.... 8 in. Carbonic acid . ....... . 
11.11 a.m. 3in. X 4in ...... 12in ....... do' .............. . 
11. 12 a. m. 6 in. X 6 in...... 4 in ....... do ......... . .... . 

78 148 6, 758 
78 146 G, 758 
78 130 6, 758 
78 110 G, 758 
78 140 6, 758 
78 142 6, 7:i8 
74 llG (i, 7'i'9 
74 92 6, 779 
74 108 6, 779 

57 .... do-------- .. . 11. 12 a. m. 1 ft. X 2 ft .. . . .. 4 in ....... do ............. .. 74 102 G, 779 
58 . ... do .......... . 11. 13 a. m. 1 ft . X H ft...... 2 in. . ..... do ............. .. 74 110 6, 779 
59 ... , do .......... . 
GO .... do .......... . 
Gl .... do .......... . 
62 .... do .......... . 
63 .... do ......... .. 
64 .... do .......... . 
65 .... do .......... . 
GG·.~ .. do ......... . 
67 .... do .......... . 

11. 13 a. m. 8 ft. X 3 ft . . . . . . 3 ft . . ..... do .............. . 
11. 15 a.m. 4 ft. X 3ft . . . . . . 2ft. Sulphuretted hydrogen 
11.40 a.m. l ............ do ............. .. 
11· 40 a. m. Fissure 60 feet .. · · · · · · .... do · .. · · · · · · .. · · .. 
11.40 a.m. f long. ' ............ do ...... . ....... . 
11.45a.m , ............ do ............. .. 
11.50 a.m. .. .......... do ............. .. 
11. 50 a. m. ? Fissure 54 feet ............ do .............. . 
11. 50 a. m. S long. .. .. .. .. .... do ............. .. 

74 112 6, 779 
74 108 6, 779 
74 145 6, 779 
74 145 6, 779 
74 140 6, 779 
74 130 6, 779 
74 116 6, 779 
74 118 6, 779 
74 120 6, 779 

The elevation of the ridge just above the fourteenth terrace is 7,035 feet. 
Fig. 3 z. The greatest chang.e 

in the springs was no
ticed on the ninth and 
twelfth terraces. The 
form en. in 1871 was al
most entirely covered 
with water, through 
which the various 
springs could be noted 
by the points of ebul
lition. It was impos
sible to walk any
where but around the 
edge. Now, however, 
the most of the water 
has disappeared, and 
only the springs re
main, and one can walk 
almost anywhere on 
the terrace. On the 
twelfth terrace there 
are a great many n~w 
springs, aU of which 
have a high tempera
ture. Carbonic-acid 
gas can be detected in 
the SPJ-'ings of the four
teenth terrace by the 
taste. These springs 
are bid in the grass, 
and it is only by care
ful searching that they 
are found. BASINS OF HOT SPRINGS AT GARBINER'S RIVER, YELLOWSTONE 

.NA.TI'ONAL PlfRK. 
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Dr. Endlich has made the following analysis of the deposits from these 
springs: 

Percent 

L
Loss attl.l0°. tq . . . . 

3
1
0
. 73~ per cen~. ( . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • 32. 10 

?SS a _1gn1 1011.. . upercen . 5 
Luue .........•.•............. -- ... --- .. -.-- .. ---- .... --. ---- .. -.... ---.-. 57. 70 
Silica- ....... -- ................. -............ ....... - ..... - - . - .. -.. -.- - - .. -. 3. 32 

rT~~1n~~~~1: ~: ~ ~~ ~ _·::: ~ ~: ~:: ~: ::: ~: .·: : ~:: : ~ :: : : ~ :: :::: ~::: :::::: :: ~:: : :::: : ~: ~i 
~~~~~e~i-~ .. ·. ·_-.-.·. -_-_·_ r .. : .. _._~_ ·. ·. ·. ·. ·.·. -_·_·_·_ ~ ·_ -. ~ ·. ·. ·_ -_ ·. ·. ·_·_ -. -_.·_ ·. ·. ·. -. -. ·_ ·_ --~- -_. ·. ·. ·. ~ ~ ~ ·. ·_ ~: ~ ·.: ~: i~~~:: 

100.05 

Figures 31 and 33, drawn by Mr. Holmes, will perhaps give the reader 
a good idea of some of the peculiar formations noticed at these spring·s. 
Fig. 31 shows the pools or basins which were so fnl1y described by Dr. 
Hayden in the report for 1871, and whicb. form one of the most beautiful 
features of the springs. The Fig. 32. 

water in all of them is either ~~~~ 
warm or bot according to their 
position, the lower ones having 
tlle coolest water. The water 
bas also that exquisitely beau
tiful blue tint which is be,yond 
description, and which forms 
such handsome contrasts to 
the white, marble-like basins 
in which it is. The water pours 
from one basin to another and 
forms stalactitic processes, 
which bang from their sides 
as seen in the picturr. At the 
bottom of the upper basin in 
the illustration the processes 
have United With those fOflfied ORNAMENTAL Rill! OF EXTINCT SPRING, GARDINER'S RIVER. 

from below by the dropping of tbe water, while in the lower basin they 
bave not yet come togetber, but still form true stalactitic processes. OYer 
the outside surfaces of the basins we find also bead-like processes, caused 
also by the dropping of the water. The great amount of lime in these 
deposits gives tbem a beautiful white appearance. 

CI-IAPTER III. 

GARDINER'S RIVER TO 1\IUD-VOLOANOES, YELLOWSTONE 
VALLEY. 

We left the Hot Sprmgs on the 29th of July and made our next camp 
on Black-Tail Deer Creek near the Yellowstone, a few miles above Gar
diner's River. Our camp was on a portion of the plateau that extends 
eastward from tbe top of the bluff-wall opposite the springs. The rock 
immediately beneatb us was a violet-colored trachyte containing- crys
tals of sa11idiue. Between our camp and the Yellowstone River there 
were some exposures of Carboniferous limestone, evidently the direct 

"By spectroscopic examination. 
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prolongation of the layers noticed in the last chapter as occurring 
at Cinnabar Mountain. Just below these ontcroppings the river 
passes tLrough the third canon, the rocks of which are gneit;sic, upon 
which the limestones rest. On the west side of the river there are 
fine exposures of black micaceous gneiss, inclining soutlleast. On 
the opposite side there are three streams which cut their way to the 
river througa the solid granite. About a mile east of camp I visited a 
but.te of limestone which rose above the surrounding volcanic rock like 
a huge monument. The dip was southwest at an angle of about 500. 
From these layers I obtained hemipronites, spirifer. and rhynchonella. 

The following day we moved our camp to the Yellowstone and 
pitched our tents in a beautiful grassy valley on Elk Creek, about one 
mile from the Yellowstone River. About two miles above us the East · 
]'ork of the Yellowstone joined the .main river. Our camp (No.9) was 
334 feet lower than the previous one, (No. 8.) The descent from the 
plateau was rather abrupt, and gave us a chance to see the structure of 
the Eocene beds, which were here composed of coarse, yellowish-brown 
sandstones, intercalated with basalt and trachyte. The sandstones in 
some places are conglomerate, and all are considerably metamorphosed. 
Some of the layers contained impressions of deciduous leaves, among 
which Professor Lesquereux has found Platanus nobilis, Fagus antipoji, 
and a new species described in his report. The volcanic rocks, mostly 
basaltic, contained a large percentage of iron, and, on weathering, pre
sented a rusty appearance. In some I found green jasper and chal
cedony. The valley of Elk Creek below our camp pr~sented a curious 
appearance. The river and the small streams h 'tve cut their way 
deeply through the Tertiary beds, leaving table-like buttes standing 
between e::~~h one, being capped with a volcanic layer, the top of which 
is perfectly level. They are merely the remnants of layers that once 
extended over the entire valley. Beneath the volcanic layers the soft 
gray and brown sandstones have yielded readily to the action of the 
water, and the canons are deep, with perpendicular walls. 

The Tertiary beds seem to rest immediately on the gneissic rocks 
at this point, and before their deposition there was undoubtedly 
a great deal of erosion. The thickness of the Tertiary beds, includ
ing the 'Volcanic layers, is a bout 400 feet. Throughout the valley in 
which we were camped there was an immense number of granite-bowl
ders of all sizes, which were evidently washed down the valley of the 
East Fork, for we fiud them strewn along that river for some distance 
above its junction with the Yellowstone. On the east side of the 
Yellowstone, near Hell Roaring Creek, there are some high granite 
mountains, and the entire surrounding country is very rugged and will 
some day form a most interesting field of study. Onr time was too 
limited to attempt to penetrate it at all. Near the junction of the two 
forks of the Yellowstone there has been a bridge thrown across the 
main stream. Just at this point we find an exposure of granite. This 
passes into micaceous gneiss, which is overlaid by sandstoues, on top of 
which there is a bed of conglomerate, made up mosU,y of volcanic frag
ments. Crossing the rhTer we soon find ourselves surrounded with vol
canic rocks. A short distance from the river there is an isolated table-= 
like hutte, rismg 600 feet above the level of the river. It i.s capped 
with basalt of considerable thickness, beneath which are soft Tertiary 
sandstones. The floor of the butte is quite level, and is strewn with 
granite-bowlders. It is evidently only another remnant of tbe basaltic 
layer I ha\e referred to above, which once extended over an immense 
area. .As we proceed. up the Yellowstone, it becomes thicker. Follow-
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ing the river we found that a short distance above the bridge it emerges 
from a deep canon. At the lower end of this calion there are a number 
of hot springs on the edge of tl1e riYer. We could distinguish at least 
four. They were surrouuded by a consideraule deposit of sulphur and 
iron. Tlley give off snlplluretted hydrogen abundantly. vVe were some 
500 feet above them, and yet the snrrounding air was strongly impreg
nated with it. It was impossible to reach the springs to take their 
temperatures. The cafion is about a mile in length, t>.xtending from the 
mouth of Tower Creek, opposite Tower Falls. It-is one of the finest 
canons I Lave e\'er seen. Tbe walls are perpendicular and the river 
flowing below is a perfect torrent, of an emerald-green tint, capped 
with white foam. The fall of the river for 2~ miles is 2~!) feet. On -the 
western side of the calion the rocks have been weathered into towers, 
with sharp pinnacles, giviug it a most picturesque appearance. 

The height of the eastern wall is 346 feet above the level of the river 
opposite Tower Falls. At the ·lower end the height vrobably reaches 
500 feet. This waJl, from top to bottom, is composed as follows: 

1. Soft, gray sandstone. I 
2. Columnar basalt. I 
3. Conglomerate. l 346 :D t 
4. Columnar basalt. ( ee · 
5. Trachyte. I 
6. Limestone (~). ) 

The layers of basalt mentioned above, Nos. 2 and 4, extend the length 
of the calion and present the most regular hexagonal columns that I 
h:itve ever seen anywhere in the West. It was impossible to obtain the 
exact measurements, but I ~hould estimate those in layer No.2 to be 
15 feet in height, while those of No. 4 were probably between 20 all(l 
30 feet. The couglomerate No.3 was probably about 100 feet iu thick
ness, and composed of large fragments of all kinds of rocks. the vol
canic predominating. It was so infiltrated wit.h sulphur that the whole 
bed had a bright yellow color, especially noticeable at the upper end of 
the canon. The sandstones on tbe top were very soft, and bad weath
ered so as to give a rounded top to the wa 11. Tbe general color of the 
trachyte was a violet, and it reRted, I arn inclinf'd to think, on lime
stones, although on this point I am not quite certain. Above the canon 
the Yellowstone River flows through quite a wide valley, which on one 
side is comparatively open and on the other side bounded by lligh hills, 
which slope to within a short distance of the river's edge. Just above 
this valley is the lower end of tbe Grand Oafion. Both sides of tbe 
river above Tower Creek have once been the seat of hot-springs, whose 
most active period has been long passed. There are at present only a 
few springs remaining on tlle western bank, while on the east there are 
extensive deposits containing sulphur, selenite, and alum. \Ve spent 
four days in camp No.9, while Dr. Hayden and a small party made a 
side trip to Clarke's Fork of the Yellowstone. During this time, in 
addition to some trips to Tower Falls and the vicinity, I also made two 
trips up the East l~ork of the Yellowstone to a locality where one of the 
members of the expedition discovered some very fine crystals of ame
thyst. This locality is ~orne ten miles from the main Yellowstone. 
The specimens are found on a hill on the left side of the river. It is 
about 1,000 feet in height and the summit entirely destitute of' timber, 
the rock covering it being basaltic. Over the basaltic floor, quartz, 
agate, jasper, and silicified wood are found in quantity. There seems 
once to have been a forest standi:Gg here which the lava has inclosed 
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and silicified. Imbedded in the rock we find numerous cyliudrical 
masses of chalcedony a foot and more in diameter. In some of these 
masses we can still trace the form of the woody fibers, while others 
have bits of silicrfied wood that has not been changed to chalcedony. 
In the center of many of these cylinders we find crystals of amethyst. 
They are large and have a fine color. If we had been able to penetrate 
to a greater depth there is no doubt but that we would have found still 
handsomer specimens. In other SpBcimens the wood seems to have 
formed a nucleus around which the quartz has crystallized, chalceuony 
forming the center and millry quartz the exterior. In one place on this 
bill I found a great variety of jaspers, with also agates and semi-opal. 

The following is a complete list of the minerals found at this locality : 
Amethyst,(ametbystine quartz,) limpid quartz, milky quartz,(ferruginous 
quartz,) chalcedony, carnelian, cbrysoprase, prase, banded agate, flint, 
red, yellow, gray, blue, and black jaspers, semi-opal, ancl calcite. 

The calcite is found in the center of agate-geodes. The jaspers are 
very fine, containing three and four colors in some of the pieces. The 
crystals of quartz and amethyst are an large and fine. 

Throughout the entire valley of the Yellowstone quartz, chalcedony, 
agate, and ubsidian-chips are common, while almost all the trachytes 
contain crystals of sanidine. Among the specimens brought from 
Clarke's Fork were argentiferous galena; anJ the blue and green car
bonates of copper from the Clarke's Fork mines. 

We left Elk Creek on the 4th of August, and made our next camp at 
the foot of Mount Washburne, on the eastern side, in a small, densely
timbered valley bordering the Grand Calion. Close to our camp there 
was a small gulley coutaining SO!lle spriugs, of '' bich I recorded the 
temperatures. A small stream ntn through the gulley, and throughout 
the entire bed there were springs whose presence was revealed by tLe 
bubbling of carbonie acid and sulpbnretted hydrogen through the water. 
On either side of the stream there are abundant deposits, of a white 
color, containing lime, silica, and sulphur, giYing evidenee that at some 
past time this place was the seat of a large group of active springs, of 
which those now existing are a mere trace. It may not be many year:::; 
before they will be entirely extinct. The specific description of thesn 
springs is as follows : No. 1 is eight feet by fi.ve, and gave off sulphuretted 
hydrogen abundantly. The temperature was only 520 F. No. 2 is 
three by four feet, and has a temperature of 53° F. Nos. 4 and 5 were 
merely small holes in the deposit on the bank of the stream. The tem
perature of t.lle former was 940 F. and that of the latter 115o F. The 
remaining springs were as follows: No.6, 1880 F.; No.7, 1880 F.; and 
No. 8, 1900 F. The boiling-point here would be J980.3 F. The tem
perature of the air during these observations was 760 F., the time being 
about 7.30 a. m. The elevation above sea-level was 8,117 feet. From 
this group of springs we caught a glimpse of a white spot through the 
trees, which indicated that there were more springs to the north of 
these. Toward this place we turned our heads, and w bile riding along 
through the woods we came to a pool of water which would measure 
probably thirty yards by fifty. The surface of the water was almost all 
in agitation from the number of points of evolution of carburetted 
hydrogen. The temperature of the water was only 540 F., while the 
air still remained at 76° F. This pool was on about the same level as 
the springs mentioned above. A short ride from this pool brought us to 
the spot we were seeking, and, we found ourselves in the midst of an 
active group of mud springs or salses. The springs are distributed over 
the side of a hill which steams from top to bottom. It was a most hor-
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rible-looldng place, and brought to our minds pictures of the infernal 
regions. The~black and red colors of tlw mud and. iron deposits gave 
the hill the appearance of having been burned, while here and there were 
masses of bright-yellow sulphur. The air was filled with the fumes of 
snlphuretted hydrogen. The noise made by the throbbing and pulsating 
masses of mud was continuous. This, with the splashing and splutter
ing of some of the springs, the plop-plop of the thicker mud, combined 
with the unearthly appearance of the scene, made us feel that we were 
on dangerous ground, and in walking about the springs we did so care
fully, fearing that we might break through the crust. The mud in ,these 
springs is black in some, lavender-colored in others, and again yellow·, 
while in con~istency it is of all grades, from that of a thick mush to a 
mere inky-black water. In the thick-mud spring the steam seems to 
escape with an effort after several vain attempts. The mud rises in a 
hemispherical mas~, falls and again rises, and after several repetitions 
the steam bursts from it, sometimes throwing the mud to a distance of 
20 feet. 

I divide the springs at this locality into two groups, the second group 
being some distance higher up the bill. The following is the description 
of the springs in the first group: The first one contained a rather thin 
lavender-colored mud. lt is a cavernous-like opening on the side of the 
hJl, and is the topmost spring of about five springs that arc situated in 
a line7 one above the other, at different levels. There seems at one time 
to have been a fissure here which determined their position. It was 
the only spring of the five that could be approached, but the tempera
ture even of this could not be taken on account of the steam coming 
from it. It was probably at the boiling-point. The mud was in active 
motion, and the steam came from it with a continuuus roar. The spring 
also gave off sulphuretted hydrogen gas. 

No.2 was a large pool of muddy water, through which a number of 
steam jets forced their way, giving the spring the appearance of a sieve 
full of water, through the bottom of which the stream was forced. 
The ternperature of t.be water was 194° F., and the air 780 F., the 
time of observation being about 9 o'clock in the morning. This 
spring was 30 feet above No. 1. Near it there was a spring of very 
thick, blue mud, the temperature of which I was unable to take, it not 
being safe to approach near it, as the mud on the banks was very soft . 

..c\. short. distance to the right of No. 2, and a little above it, is No. 3, 
a large, yellow, muddy pool 30 feet by 50 feet in diameter, in which 
there was a great deal of bubbling, the water near the edge of the 
spring being especially agitated. The temperature was 140 F., the 
air remaining at 780 F. On the banks of· this pool there was an 
abundant deposit of sulphur and alum. No. 4 is the most active 
spring of the group. It is about 20 feet higher up the hill than No. 3, 
and is about 30 feet in diameter, somewhat irregular in shape. The 
mud bas formed a rim about it which is 2 feet aboye the spring on one 
side and 3 feet on the other. It contains a very thin blue-black mud, 
which is in violent ebullition, rising at tinws to the height of 3 and 
4 feet. A dense column of steam, mingled with s~1}1Thuretted hydrogen 
gas, is continually escaping from it. I wns able to thke the temperature . 
only at the edge, where I found it to be 1900 F.; air, 730 F. ,, In 
the center it was probably at the boiling.point, which at this eleYa
tion is 1980.2 F. About 20 feet below No. 4, and a little to the right, 
is No. 5. It is 15 feet loug and 5 feet wide at the widest place, 
being somewhat triangular in shape. One edge of the bank over-

9 G S 
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hangs tbe water and coated with a deposit of sulphur, which is deposited 
by the sulphuretted hydrogen gas. The water here is cleaner than in 
any of the surrounding springs. The center of the spring is in violent 
ebullition from the escape of steam. The temperature of the water at 
the edge of the spring was 184° F., the air being 78o. The second 
group has a general elevation of about 150 feet above tile first, and 
is also situated on the slope of a bill. The first spring in this group 
we called the "Mush-Pot." It. is about 20 feet in diameter, and llas three 
openings, each about 10 feet in depth. The mud at the bottom of these 
holes is very thick and of a bluish-black color. The mass heaves and 
throbs as the steam escapes through it. It was impossible to take the 
temperature of the mud, as the steam scattered it in all c.lirections, ren-
dering it impos))ible even to look into it with safety. · 

No.2 was namea tile "Paint-Pot," tlle mud in it resembling lead
colored paint. The entire surface was in violent agitation. The 
diameter of this spring is narrower at the top than at the surface of the 
mud, which was eight feet below the surface of the ground. The mud 
i~-; scattered in all directions, as in the last-mentioned spring, rendering 
it impossible to obtain its temperature. At intervals of a bout three 
minutes it seems to take a rest, remaining quite for a few seconds. 

No.3 is a fissure of nearly 100 feet in length, in the course of which 
there are a number of black-mud springs, their average temperature 
being 1850 F., while the air was 790 F. This fissure is about 100 feet 
above spring No. 1. 

No. 4 is a similar fissure of about the same length. It is about 100 
feet above the preceding one, anct contains mud-springs of the same 
character, the average temperature being 1900 F. The boiling-point at 
this elevation is H)7°.G F. All around tllis fissure there is an abundant 
deposit of sulphur and alum, the sulphur-crystals being exceedingly 
brilliant and delicate. 

No. 5 is a blue-mud spring of about three feet in diameter, having a 
temperature of 1900 F. Nos. 6, 7, 8, 9, and 10 form a small group 
distinguished by the abundance of sulphur surrounding them. The 
mud in them was very thick and varied in color from blue to blaek. 
The ground about them was too treacherous to allow of a near approach, 
but their temperature would probably average about 185°-190°. Be
sides the springs I have described above there were numerous smaller 
ones and a great many steam Yents. I have only mentioned the most 
important springs. Both the groups are situated in banks of clay, and 
the deposits consist mainly of clay, alum, and sulphur. AJl the springs 
are acid in reaction from the presence of sulphuric acid. The sulphur 
results from the decomposition of the sulphurett.ed hydrogen which is 
so abundant in this locality. The oxic.lation of the sulphur and its 
union with the alumina an<l iron gives us the alum which we find here. 

Our next camp (No. 11) was on Cascade Creek, a few miles from the 
Lower Falls of the Yellowstone and the Grand Canon. Cascade Creek, 
near our camp, flows through a valley covered with sedimentary rocks, 
into which it has cut a short distance. It is made up partly of sand 
and particles of Yolcanic material. It is probably Pliocene in its origin, 
and was deposited at the bottom of a lake which was very likely a pro
longation of the ancient Yellowstone J.-ake, and existed here at a 
comparatively recent period. The strata are soft and contain particles 
of obsidian in abundance, and are also in part contributed to by volcanic 
ashes, for here we find ourselves in the midst of a volcanic country. This 

, sedimentary deposit extends over the entire valley of the Yellowstone at 
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this point. The carving out of the Grand Canon (Fig. 33) gives us an 
excellent opportunity to study the various rocks that underlie the valley. 

At the head of the Grand Canon is the lower fall of the Yellowstone, 
which was measured this year by triangulation anti found to be 397 feet 
in height. At the 
foot of the fall the 
depth of the canon 
is 675 feet. This 
depth increases as 
we go clown the 
river, and about 
half a mile below 
it is 1,000 feet, 
m e as u red w i th 
an aneroid barom
eter. The fall of 
the ri ,-er from the 
foot of the fall to 
the mouth of 
Tower Creek, a 
distance of twenty
two miles, aver
ages 40 feet to the 
mile. On the west
ern side of tlt e 
canon, some dis
tance abo v e the 
top of the lower 
fall, there is an ex
posure of a very 
fine soft sandstone 

Fig. 33· 

bavitJg a light-yel- GRAND CAJ\ON OF THE YELLOWSTONE, 

yello"· color. This must have been deposited in very quiet waters and 
is probably of Post-pliocene age. On the eastern side we finO. the rocln~ 
to be as follows: The top of the canon above the falls is made up of 
obsidian, which is porphyritic, containing crystalR of sanifline. '£he 
rock is very irregular in composition and color, the latter varying from 
black to brown. It passes iuto a perlite-like rock of a light-bluish color, 
in some places is white. This has in places perlite-like trachyte
porphyry, coutaining small feldspathic balls with ,a radiated fibrous 
structure, (spherulites,) mixed. with small bits of obsidiau, the whole 
mass having a general eolor that resembles blue lead. A little farther 
down we find in this same rock jasper-geodes containing variet.ies of 
opal in the interior. They vary in size, some being only au inch in 
diameter, while others are half a foot. They are of a brown color on the 
exterior and botryoidal in shape, and are porphyritic, containing crystals 
of sanidine. Breaking them open we find that the mass often presents 
a beautiful appearance, some of the specimens having a rich-brown 
color, mingled with bright red and green, while the cavities are lined 
with pink, white, or blue semi-opal in some cases and in others by 
hyalite. The variety in the shades of color is almost infinite. Just 
above the fall there is a slide of rock reaching from the top· of the calion 
to the river's edge, and here we found many good specimens that had 
broken out of the more masswe rock and fallen down. 

At the brink of the fall the rock over which the water pours, and 
which extenus some 50 or 75 feet al>oYe it, is a compact trachyte por-
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phyry of a light-violet color containing crystals of sanidine. As we pro
ceed down the ri,Ter we find that this rock is replaced by an argillo
traebyte-porphyry, the wbite color of which contrasts strongly with 
the other colors seen on the sides of the canon. The unequal hardness 
of the different rocks has allowed it to weather into curious and fan
tn:;;;tic shapes, spires, towers, and minarets standing out on either side, 
adding to the picturesquen~ss of the scenery. There have once been 
rna ny bot springs throughout this region, and it i1:l to them that the 
gl't'ater portion of the coloring seen in the calion is due, the iron deposits 
p.i,·ing the reds and the sulphur the yellows. There still are a number 
of spriltgs along the river's edge, although from the top of the calion 
tlley eannot be distinguished. The center of attraction, however, is the 
lmYer fall, (Fig. 34). The river suddenly narrows to a width of only 
100 feet and rushes over a ledge of trachyte, falling 397 feet to the bot
tom of the calion. The water at the edge of the fall is very deep and 
of a deep-green color. Huge bowlders thrown in are carried by the force 
of the current far out from the edge of the fall. When we approach' 
tue brink and look over into the abyss we begin to realize the littleness 
of man when in the presence of nature's grand masterpieces. Down~ 
down goes the whirling mass. battling and writhing as the water dashes 
ag<linst the rocks with a noise like the discharge of artillery. Here and 
there a resisting rock is met with and the water rebounds, broken into 
myriads of drops, which throw back to us the sunlight resolved into its 

Fig. 35· primitive colors. The 
bottom of the canon 
reached, the immense 

'mass of water seems 
to dissolve itself into 
spray, and then recov
ering, it flows down 
the gorge an emerald
green stream, dashed 
with patches of white, 
beating with furious 
waves the rocky walls 
that imprison it. 
Taken in connection 
with the varied tints 
of the canon itself, 
red, yellow, orange, 
white, the dark-green 
pines fringing the top, 
and the bright green 
of the spray-nour
ished moss on the 
sides of the fali, we 
have a picture of al
most unequaled mag
nificence and gran
deur. It is a scene 

UPPER FALL OF YELLOWSTONE RIVER, qo FEET, Of which ·ODe never 
tires and in the description of which language fails. As we stand 
above the lower fall and look toward the south we have a fine view 
of the upper fall, (Fig. 35,) which is distant about half a mile. This fall 
differs altoge~her from the lower one .and does not so soon impress one 
with its hejght, which is 140 feet. The water pouring over the edge 
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strikes a number of ledges of rock, which churn it into a mass of foam. 
A portion of the water is projected out like a broad fan, and strik
ing the water below makes a sort of ricochet, while the main mass 
of water reaches the base of the fall about 20 feet from the verti
cal line let fall from the top. The water has cut out of the solid rock a 
rounded basin, from which the course of the river is almost at right 
angles to the course above the fall. }"~or some distance above the fall 

Fig. 36. 

CRYSTAL FALLS ON CASCADE CREEK, 129 FEET. 

there is a series of rapids over which the current is very swift. The 
canon between the two falls is about half' a mile long and the fall of 
the river between these two points is 68 feet. The walls of this calion 
vary in height from 100 to 200 feet. 

Cascade Creek flows into the Yellowstone River on the westside between 
the falls. .A short distance above its mouth we find a beautiful fall, 
(Fig. 36,) or rather cascade, for it is made up of three distinct falls, the 
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aggregate height of which is 129 feet. The stream, after passing through 
a deep, gloomy gorge, makes a leap of about 21 feet and then falls again 
in three streams a distance of over 50 feet into a beautiful, rounded 
basin, in which the water is perfectly clear and quiet. From this basin 
thefinalleap is taken and the water flows on to the Yellowstone River. 

Leaving Cascade Creek our next camp (No. 13) was at lVlud Volca
noes near the Yellowstone River, about eight miles below the lake. We 
spent three days here, waiting for a supply-train to join us from Fort 
Ellis. During this time I visited a number of the Yarious hot-spring 
localities in this portion of the valley. The underlying rocks here are 
Pliocene and Post-pliocene, in horizontal strata, and presenting the same 
characters. that were observed near the Grand Calion, and probably 
resting, as those do, upon volcanic rocks. Iu some places I noticed iron 
as forming a prominent part of these sedimentary deposits, which, with 
the obsidian, makes very llandsome specimens. The ri•{er flows quietly 
through the valley, the fall per mile, from Yellowstone Lake to the top 
of the upper fall, being only 8 feet, and almost all of this is in the rapids 
just above the upper fall. . The first springs I visited were on a branch 
of Alum Creek about five miles northwest of camp. vVe named the small 
stream Violet Creek, from the profusion of violets growing u.pon its 
banks. ' · 

The first spring we met with was on the right bank of the creek, in a 
siliceous cone-like mound that rises six feet above the bed of the stream. 
Its temperature was 1260 F., the air being at 70o F. '.rhe bed of the creek 
was filled with conferYoidea, leading us to suspect that there were springs 
still farther up. After a further ride of about a quarter of a mile we 
came to quite a large gl'oup of hot springs lining both sides of-the creek. 
The first spring I will describe h; on the right bank of the creek, in the 
eellter of a white mound 20 feet in diameter and rising 10 feet above the 
bed of the creek. This mound is formed of the deposits from the water, 
which consist mainly of various carbonates and silica. The orifice of 
the spring is circular and about three inches in diameter and looks as 
though it had been artificially punched in the deposit, so mathematically 
exact is it. The water gives off carbonic-acid gas, leaving a deposit of 
iron. Its temperature was 1900 F., the air being 70° F. Spring No.2 
is on the opposite side of the creek and has a basin measuring 4 feet by 
2 feet; the temperature of the water was 160° F., the air remaining at 
700 F. No. 3 has a circular basin two feet in diameter, which is lined 
with an abundant deposit of iron. Carbonic-acid gas bubbles through 
the water. Its temperature was 158° F. No. 4 is 6 feet deep and 1 
foot by 3 feet in diameter, and has a temperature of 188° F. The 
next three springs had temperatures as follows: No.5, 192° F.; No.6, 
194o F.; and No.7, 188C F.; tlle air st.ill remaining at 70° F. A11 these 
springs have circular orifices of about six inches diameter, and the water 
J)roceeding from them flows o-ver a series of small terraces, resembling 
those of the Gardiner's River springs on a miniature scale. These basins 
·are lined with a gelatinous form of silica, which bas a leathery appear
ance and is coated with an iron deposit. The springs are about 10 feet 
above the level of the creek and all give oft' carbonic-acid gas. No. 8 
is very irregular in shape and almost hid in the grass, a bout 40 feet from 
the creek. There is a slight bubbling in it and its temperature was 
1780 F. No. 9 is a small spring, 2 feet in diameter and 1 foot deep, 
lined with confervoidea and ha\ing a temperature of 140° F. No. 10 
is a very pretty spring, about four feet above the creek, and has a beau
tiful scalloped edge, moss-lined on one side. Its temperature was 175° 
F. The boiling-point at this locality is 198°.3 T!'. None of the springs 
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reached this temperature, 194o F. being the nearest approach. The 
rocks exposed near these springs are sedimentary and contain a great 
deal of obsidian. 

About three-fourths of a mile farther up-stream we came to the head of 
the creek and found that it originated in a most important group of 
springs. They are Rituated in a semicircular basin, bounded by a low 
hill wooded on the summit. The sides of this hill are perfectly bare and 
co\·ered with glaring-white deposit, through which steam-jets force their 
way. Looking down into the basin from the top of the hill is like look
ing into a volcanic crater. The fumaroles, solfataras and mud-springs 
scattered through it give it a most peculiar appearance. The general 
color throughout the basin is a glaring white, relieved here and there 
by patches of brick-red iron deposits and the yellow of sulphur-masses 
that arc scattered throughout the basin. The crust extending over the 
basin is lined with beautiful crystals of sulphur. On the left of this 
basin there is a ravine, covered with deposits of the same character but 
containing no springs. There are a few fumaroles remaining, the evi
dence that once the ravine was the site of active springs. A few yards 
on the opposite side of the basin there is a second ravine similar to the 
first, and in which also the springs are all dead, nothing remaining but 
the rust-colored deposits. I will give the different springs in this basin 
below in tabular form. 

Springs at the head of Violet Creek. 
August 10, 1872; t1me of observation, 12.30 a.m.; general elevation above sea-level, 8,059 feet; boil

ing-point, 198°.1 F. 

No. Character of spring. Size. Gas evolved. 

I Siliceous . . . . . . . . . . . . . 8 X 10 feet.......... Steam ........... . 
2 . ... do ... . ..•......... 3 feet diameter ......... . do ............ . 
3 .... do .. .............. 2 feet diameter .......... do ............• 
4 •.•. do .......................................... do ............ . 
5 Sulphur . . . . . . . . . . . . . . 20 feet diameter..... Steam and snlphu-

retted hydrogen. 
6 .... do ............... . 
7 Mnd-spring ......... . 
8 Snlphur .... ......... . 
!I Blue-mud spring .... . 

10 White-mud spring ... . 
1 I Blue-mud spdn.g .... . 
12 Yellow-mud spring .. 
13 Blue-mud spnng ..... 

30 feetdiameter ......... do ............ . 
2 X 4 feet ............... do ............ . 
8 feet diameter . . . . . . ... do ............ . 
6 X 10 feet .............. do ............ . 
1 X 3 feet . ......... .. ... do ............ . 

: ~~~~ ~~~~~t~~ ~ ~:::: : : : : ~~ : :::::: :::::: 
2 inches diameter ....... do ............ . 

Temperature Temperature 
of spring. of air. 

1850 F. 
172 
194 
194 

Not taken. 

165 
I70 
140 
162 
168 
188 
180 
I90 

72° F. 
72 
72 
72 
72 

72 
72 
72 
72 
72 
72 
72 
72 

Besides the springs enumerated in the ta.ble there were many smaller 
limes and a few large pools through which the gases bubbled at various 
points. The ground near the majority of them was too treacherous to 
allow of our approach. There are also a great many steam-vents lined 
with sulphur-crystals. The hardened deposit about some of the mud
springs is an indurated clay, that has been deposited by the springs. 
The first four springs given in the table have clear water, and the first 
one was in violent ebullition, the water at times rising four feet 
above the ordinary surface. In No. 10 I found butterflies that had 
fallen into the water and been killed by the heat. The odor of sul
phuretted hydrogen was not so strong at this locality as at the foot of 
lVlount Washburne. 

On the way back to camp we came acr~ss another group of springs, 
about a mile southeast of the group given above, and have an elevatioN 
about 200 feet lower. They are situated in a ravine bordering a small 
branch of Violet Creek. The following table will show them all at a 
glance: 
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Springs on branch of Violet Creek . 
.August 10, 1872; time, 2 p. m; elevation above sea, 7,873 feet; boiling-point, 198°.5 F. • 

No. Size. Gas evolved. 

1 3 X 4feet ....................... -. Carbonicaeicland steam ..... . 
2 10 feet diameter . . . . . . . . . . . . . . . . . . . . ..... do ...................... . 
3 5 feet diameter .......................... do ...................... . 
4 5 X 2 feet . . . . . . . . . . . . . . . . . . . . . . . . . . ..... do ...................... . 
5 3 feet diameter.................... . .... do ...................... . 
6 5 X 3 feet . . . . . . . . . . . . . . . . . . . . . . . . . . ..... do ............... - ...... . 
7 7 X ::! feet ............................... do ...................... . 
8 3 feet diameter.... . . . . . . . . . . . . . . . . . ..... do ...................... . 
9 8Xlfeet ........................ . ...... do ...................... . 

Temperature Temperature 
of air. of spring. 

68° F. 
68 
68 
68 
GR 
68 
68 
68 
68 

1600 F. 
184 
154 
188 
180 
1!)1 
186 
192 
194 

The amount of carbonic·acid gas given off from these springs is 
small, and, although there is considerable bubbling in some of the 
springs. it is caused mostly by the escape of steam. This in some is 
enough' to cause the ground to tremble beneath. All the springs de
pmdt iron. The first three springs given in the table are on the edge of 
a pool of water having a diameter of 100 feet by 50 feet, in which the 
thermometer stood at 120° F. There is also one spring in the midst of 
this pool which was:.,beyond reach. The bottom of the pool is lined 
with gelatinous silica, which is coated with oxide of iron. The edge of 
the pool next the creek slopes to the level of the stream in a series of 
small basins over which the water flows. The creek itself is divided 
into a number of basins formed of the deposits, (most-l.rT carbonates,) 
and the water flows from one basin to the ot.her, they being at different 
levels. These basins are filled with a luxuriant growth of very bright 
green couferYoidea. The temperature of the water in the creek a short 
distance .below the springs is 1400 F. 

'l1he two groups of springs given above have never before been de
scribed, not being in our line of march last year. There are doubtless 
many more groups throughout the same valley that llave never been 
studied yet, especially on the eastern sjde of the Yellowstone River, which 
here is not fordable, on account of quicksands. 

The next group of springs to which I will refer is that at Crater Hills, 
near the Yellowsto11e River, about four miles below our camp. This place 
takes Hs name from the occurrence here of two high buttes or bills, one 
of which is 150 feet from top to base. and a second 140 feet. They are 
made up in part of a tracllytic tuff ai1d bot-spring deposits, the prevail
ing color of which is white, and a red, due to the weathering of the de
posits, which contain iron. All of the springs are acidulous and contain 
sulphur as a prominent constituent. The principal spring is the boiling
sulphur spring near the base of the hills. The description of this spring 
'-vas given in the report of last year, an<i I will not delay to redescribe 
it. J again took its temperature~ which I found to be 1780 F., the air 
being 580 F., at about 10 o'clock in the morning. The temperature ghTen 
in last year's report is·l830.5 .F'., which was probably taken nearer the 
center of the spring than I was able to take it this year, the. water beiug 
in violent agitation. 

The next spring of importance is a large blue-mud spring near the large 
sulphur spring, the temperature of which (1640 F.) this year varies only 1° 
from that taken last year, when it was 1630 F. All the springs at this 
locality are noticeable, not onl~r for the sulphur they contain, but also for 
their alum, which I take to be an iron alum. The small stream to which 
the springs give origin is a branch of Alum Creek, and in both the main 
creek and the branch tlw water is strongly astringent. A partial analy
sis of a piece of deposit from the edge of the boiling-sulphur spring, made 
by J\ir. vV. B. Platt, of the expedition, gives the following result: 
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Per cen1:. 

Water ...... -----------·-·----·----·---··----·-·-----------· .•••.. ·-----.... 23.48 
Sulphur ............ ----------··----·· .........••............••. -----·...... 3. 23 
Silica ................•.. ---- ... -.- .. --.- ...... -- ... - •..•• -- •.•............. 
Sulphuric acid .............••... --- ..•••.•........••••..••.....•............ 
Chlorine ......•.......... - .... --- •.. - •• - ... --- •.. ---- .. --.- ... -- ..... -- .... -. Trace. 
Iron oxide ......•.....•...••....•••••.•••••••...••.... - ••....•••..•••..•.••• 
Soda . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . _ . . . . . . . . . • . .. . . . . .• _ •...••..•... 
11agnesia ... _ ............... -•...•.. - ...........•...• -. • . . • • . . . . • . . . . . . . . . . • Trace. 
Organic matter ... ~ ..•••.. --- •.• -- ... -- ....• - ••. --- •. -- ..• - ••. -.-. -.- •. --- •• 

26.71 

:3pecific gravity ........... -.•.. -•. - ......•. -. -.--- •...•....••... ---- .. ----. 1. 800 
The object of this analysis was to determine the percentage of sulphur. 

Silica is present in large amount. 
The group of mud and sulphur springs just south of the two springs 

referred to above was mentioned in last year's report, but as the obser
vations of this year are more complete, and include a large number of 
springs, I will present this group below. 

Sp1·ings at Cmtm· Hills. 

General elevation above sea-level, 7,828 feet; boiling-point, 1980.2 F. 

Size of spring. 
sprmg. 

Temper
ature of 
air. I 

~~~~ee~f 
--1---------------------i 

1 1 ( 
~ I A. collection of sprin~s I 
4 covering an area of 600 

5 \ square feet, and vary- , 
1 ing in size from one\ 6 I to three inches in diam-1 

~ eter. 
9 J l 

10 3 feet diameter ............. . 
11 8 feet diameter ............. . 
12 
13 
14 
15 
16 
17 
18 
Hl 
20 

2 feet diameter .. ........... . 
8 X 2fcet .................. . 

21 2 X 4 feet ................. . 
22 10 X 3 feet ................ . 
2:1 2 feet diameter ............. . 
24 1 ( 

~~ I I 27 

I! I II 

33 I 
~~ 1 These springs occupy a I 
37 ~ space of about 1,200 i 
~~ 

1

• square feet. 

1 

40 I 
:~ I 
43 l 
~i I I 
48 J 
49 l 

I 

174o F. 590 F. 
176 59 
182 59 
186 59 
144 59 
160 59 
168 59 
130 59 
160 59 

80 59 
148 59 
176 59 
180 59 

90 59 
162 59 
166 5!1 
182 59 
178 59 
108 59 
180 59 
170 59 
188 59 
180 59 
150 59 
184 59 
130 59 
170 59 
168 59 
::.84 59 
106 59 
154 59 
188 59 
160 59 
130 59 
162 59 
174 59 
128 59 
120 59 
106 59 
176 59 
146 59 
186 59 
168 59 
174 59 
178 59 
172 59 

90 59 
15!:l I 59 
170 59 

Remarks. 

1 

I The water in this collection of springs has a. 
? milky hue, and the noise made by them re-

I 
sembles that made by a number of pots boil
ing simultaneously. 

) 

1 

White-sulphur spring. 
Clear spring. 
TIJick greenish-mud spring. 
Yellow-mud spring in active ebullition. 
A turbid pool bubbling at the edges. 

J
l A collection of greenish-sulphur springs, each 

a few inches in diameter. 

This spring was called Foam Spring last year. 
Bluish muddy water. 

(Both the sesprings have lavender-colored mud, 
5 and No.2 is in active agitation. 
1 

I 
I 
I 
l This collection of springs varies in size from a. 

few inches to four feet. The water in the 
majority is of a milky hue. In others it is 
yellow or lavender colored, and in some it is 

I 
J 

transparent. 
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Having completetl observations on these springs, I de-voted the re
mainder of my time to those near camp, which presented a great deal of 
interest. I was enabled to make more accurate observations than were 
made last year, and was greatly assisted by Mr. A. E. Brown, who de
termined tlle heights of the mud-geyser for me. The mud-geyser is the 
principal spring in the group at Mud Volcanoes, and was situated a few 
yards above our camp. It has a basin of about 60 feet diameter, sur
rounded hy a rim that slopes inward, at an angle of 3-oo, to a funnel
shaped orifice in the center. This basin, which is the basin proper of 
the geyser, is made up principally of clay and siliea, and is situated in 
another basin which measures 200 feet by 150 feet. The wall of this 
latter basin rises about 8 feet, on an average, above the level of the 
other basin, and between the two rims there is a deposit of clay whieh 
has been left by the water and .has become hard, resembling a very 
fine clay slate. On one side of the outer basin there is a small ravine
like opening cut into the bank, through which water evidently flows 
sometimes, probably dunng the spring when there is more water in the 
basin. In several places on the banks I noticed small boles lined with 
sulphur from which the steam escapes. Besides the geyser there are 
two small springs at one end of the large basin. TheRe springs are en
tirely independent of the geyser, and are constantly in action, bub
bling quietly. '>They do not seem to be affected in the least by the 
eruptions ofthe geyser. The following is the description of an eruption: 
The water gradually rises until the inner basin is filled, when there 
is noticed a bubbling in the center. Suddenly, without any fur
ther warning, it becomes Yiolentl.v agitated and an immense mass of 
muddy water, mingled with clouds of steam, is thrown into the air. 
This action lasts a few minutes and is followed by a lull, the action not 
ceasing entirely. Then it recommences with renewed violenee, and the 
water fills the entire outer basin, the water striking the banks in a succes
sion of waves. The water is thrown up in a succession of impulses that 
follow each other rapidly, and sometimes the water is thrown obliquely 
and seems as though it would overwhelm one standing on the bank. 
The mass of water and mud is immense. After the maximum height 
is obtained the jets become smaller and smaller, and the eruption ends 
as suddenly as it began. It is a very impressive sight, and the stop
ping is like a calm after a storm. The water of the geyser is very muddy, 
and bluish in color, having an acid reaction, due to the presence of sul
phuric acid. 

I will transcribe my field-notes below and then give the result in tabu
lar form, so that the whole may be placed before the eye at once. 

A~tgust 1L 

4.02 p. m.-The temperature of water in tlte basin is 140° F. a!}d the 
air 500 F. 

4.37 p. m.-The water is rising rapidly and there is considerable bub
bling in the center of the basin, the temperature remaining tlle same. 

4.4~ p. m. to 4.52 p. m.-'l1be water is still rising and flows in currents, 
giving it a Yariable temperature of 1400 F. to 180° F. 

5.0~ p. m.-The temperature is still 1800 F. at the edge, although in 
the center it must be considerably higher. It is still in ebullition. 

5.04 p. m.-The eruption commences. 
5.10 p. m.-Tlu~re is a lull in the action. 
5.14 p. m.-The maximum ( 40 feet) is attained. 
5.17 p. m.-The eruption ends and the water at the edge of the basin 

has a temperature of 1120 F. 
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5.52 p. m.-Temperature of water is 148° F. and the air 48° F. The 
water is four feet lower than it was during the eruption, and the sides 
of the basin are shown sloping inward. Several steam-vents, not seen 
before, are now made apparent. The surfttee of the water is quite placid, 
sai\e in the center, where a slight bubbling takes place. The water seems 
to be rising slowly. 

6.37 p. m.-The water has risen one foot since the last observation 
and is still rising. 

7.37 p. m.-The water is now six inches above the level last observed. 
9.35 p. m.-The eruption commences. 
9.4R p. m.-The eruption ends. The maximum height was estimated 

at 20 feet, it being too dark to take any angles. 

August 12. 

6.19 a. m.-The geyser has evidently had an eruption during the night. 
The basin is full and the center in ebullition. 

6.31 a. m.-The eruption commences. 
6. 35 a. m.-'fhere is a lull. 
6.42 a. m.-The eruption ends. The maximum height was 25 feet, and 

I noticed that the ground shook beneath me while the eruption was go
ing on. 

10.19 a. m.-The temperature of the water at the edge of the basin 
is 1480 F. and the air is 600 F. The center is bubbling, and a black, 
oily substance floats on the surface. 

10.29 a.m.-The temperature of the water is from 1400 F. to 1800 F., 
and it is rapidly filling the basin. 

10.49 a. m.-The eruption commences. 
10 . .55 a. m.-There is a lull. 
10.58 a.m.-The maximum (18 feet) is attained. 
11.02 a. m.-The eruption ends. 
11.08 a. m.-The temperature at the edge of the basin is 1700 F.; air, 

600 F. The water has fallen a foot already. 
11.15 a.m.-Water, 150° F.; air, 60° F. The water has fallen eighteen 

inches. 
11.20 a.m.-The water has fallen five inches since the last measure

ment. 
11.24 a.m. to 11.29 a.m.-The water still has a temperature of 1500 

F., and bas fallen 2 feet 10 inches. 
11.39 a. m.-The water has fallen 3 feet . 2 inches since the eruption 

ceased, (lowest point.) 
11.49 a. m.-The water is rising slowly. 
2.39 p. m.-The water is within one foot of the top of the basin and 

bubbling in tbe center. Its temperature near the edge is 1460 F., the 
air still being 600 F. 

3.14 p. n1.-Temperature outside the rim of the basin is 1250 F. 
3.15 p. m.-'l'he eruption commencei. 
3.21 p. m.-There is a lull. 
3.25 p.m.-The maximum (22 feet) is reached. 
3.27 p. m.-The eruption ends. Temperature of water at edge of 

basin 170o F. 
7.39 p.m.-The eruption commences. 
7.44 p. m.-There is a lull. 
7.48 p. m.-The maximum (19 feet) is reached. 
7.51 p.m.-The eruption ends. 
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Mr. Sloane took observations of two eruptions on August 9, as follows: 
12.40 p.m.-Eruption commences. 
12.4 7 p. m.-Lull. 
12.49 p. m.-Maximum estimated at 25 feet. 
12.52.30. p.m.-Eruption ends. 
4.58 p. m.-Eruption commences. 
5.04 p. m.-Lull. 
5.07 p. m.-Maximum estimated at 30 feet. 
5.11 p. m.-Eruption ended. 
The following table gives the result of these observations: 

Date. 

h.m. s. m. m. 
-----······· 6 3 

4 5 30 6 3 
------------ 6 4 

August 9 ........................................ 1st .. 
August 9...... . . .. .. . .. . .. . . .. .. . .. . . . . . . . . . . . . . 2d 
August 11 .................. _ ..... : . .......... __ . 3d .. 
August 11. ..................................... . 4th .. 

m. s. 
12 30 
13 00 
13 00 
13 00 
11 00 
13 00 
12 00 
12 00 

4 18 00 ---- - -- . 

Feet. 
25 
30 
40 
20 
25 
18 
22 
19 

August 12 ..................................... __ 5th .. ------------ 4 
August 12 ....................................... 6th .. 4 7 00 6 3 
August 12 ...................................... . 7th .. 4 13 00 6 4 
August 12 ....................................... 8th .. 4 12 00 5 4 . 

Average length of eruption ............................... · .......... . 
Average interval between eruptions ................................. . 
Average interval between commencement ancllnll .................... . 
Average interval between lull ancl maximum ....•.................•.• 

h. m. s. 
0 12 26.75 
4 11 6 

5 34.28 
3 30 

The remainder of the springs at Mud Volcanoes I will give in a table, 
as I did those of Crater Hills. 

Last year, when at this locality, we noticed that the trees near the 
Giant's Caldron bad their brances coated with mud, and the question 
was raised as to how the mud got there, we concluded that the geyser 
sometimes ejected its contents. This year, however, investigation 

. seemed to prove that the mud is carried up mechanically, mixed with 
the steam that is constantly rising from the caldron, and that the spring 
never has any eruptions. We were led to this opinion first by noticing 
that it was only the under side of the branches that held the mud. Mr. 
Holmes then placed some dead branches in such a position that the 
steam came upon them and in a few hours they bad a coating of mud. 
Again, some of the trees on which the branches are coated are living, 
which would hardly be the case had they received the mud from an erup
tion. Another reason also is found in the fact that the surface of the 
spring is constantly agitated, which is rarely or never the case with a 
true geyser. Still in the past it may have been a geyser and had regular 
eruptions. 
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Springs at Mud Volcanoes. 

General elevation above sea-level, 7,775 feet; boiling-point 1980.5 F. 

Size of spring. Remarks. 

oF. oF. 
1 3 feet diameter ......... 1!)0 50 ..................... Very thick mud spring. 
2 10 feet di:.tmotcr ......... 168 50 }:u5p.m. ~ These springs are in tbe same basin with the 
3 10 feet diameter ......... 168 50 mud-geyser bnt entirely distinct from it. 
4 6 feet diameter ......... 126 4tl 4. 55 p.m ... .At head of ravine 25J yartls above t.he mud-

, geyser. 
15 X 5 feet .............. 156 48 5. OOp. m .. -~ Tbirty-fho hundred feet from No.4, in same 

ruyino at the bead. There are here some 
extiuct ba~in~:~ arHl vents for stream. 

6 75 feet diameter ......... 134 58 11.20 a.m ... .A largo grren-~:~ulpbur pool with many con· 
j tori:! of ebullition, giving oft' snlphur, by-

, droge11. 
3 feet diameter ......... 136 58 11.23 a. ri:J. .•• LaYoridc: -colore<l spring containing alum. 

El X. 20 feet ............. 8d 58 11.23 a.m ... Yf'llow-sulpbur spring about fourteen feet 
fron1 No.7. 

9 60 X 20 feet ............ 140 58 11. 30a. m. [ This group is in a ravine near the Giant's 

10 ;} feet diameter ......... 124 58 Caldron. No.9 is on tbe c<lgo of No.8, and 11.30a.m .

1 has c!car water with confcrvoidea lming 
11 3 X 1 feet .............. 140 58 11. 30a. m. tho stream . 
12 Grotto, 3 feet hi~h, 8 feet 182 58 11. 4;) a.m ... The grotto is an opening into a sandstone 

wide, 20 feet eep. rock at tho head of a small ravine. The 
top of the entrance re>~embles a I!:Othic arch 
coated with moss and iron. Steam escapes 
in pulsations. 

13 30 X 15feet ............. 94 58 Jl. 46 a. m ... .A greenish alum pool. 
14 2 feet diameter ......... 180 58 11. 48 a. m ... .A pool a few feet above No.13. 
15 20 feet diameter ......... 163 58 11.50 a.m ... Light-gray mtHl spring 10 feet deep. There 

Pool, 500 X 60 feet ..... _ 
are others too c:lccp to get! temperature. 

l6 92 58 11.50a.m . { 
11} Small boles, 1 inch di- } 148 58 11.51a.m. Sulphur springs. 
12 aruettr. 175l 58 11.52 a.m. 
19 ·-----·-------····-------- lo2 58 11.55 a.m ... 1\Iu<l spring. 

CHAPTER IV. 

GEYSER-BASINS OF FIRE-HOLE RIVER. 

We left l\Iud Volcanoes on the 13th of .August and started for the 
lower geyser-basin of Fire Hole River. Our course at first led us 
up au open valley that once formed part of the ancient bed of Yellow
stone Lake. .At the head of the valley we struck our cld trail of last 
year, which we followed until we reached the east fork of the Fire-Hole 
Ri\er. The divide between the Ye11owstone River and the Fire-Hole 
River at this point is 8,164 feet above sea-level. The summit seems to 
be made up mostly of obsidian, which is all porphyritic. The timber is 
so thick that it is difficult to trace the connection, but, as we descend, we 
come across trachytes that seem to underlie the obsidian. It is very 
compact and porphyritic, containing crystals of sauidine. The general 
color is a light blue, approaching violet. It is through these trachytes 
that the headwaters of the Madison cut their channels. Near the sum
mit, on the Madison side of the di\ide, there is an old hot-spring basin in 
which the springs are now all extinct, although there are a great many 
steam-vents from which steam still escapes; these vents are lined with sul
phur. Besides sulphur the deposits consist mainly of silica and iron. 
The descent from the divide is very steep and rocky, and through thick 
timber, a great deal of which is dead and fallen. The valley of the east 
fork of the l\Iadison or Fire-Hole at the point we reached it is very 
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marshy and full of springs~ which cause the water in the stream to 
have a temperature of some degrees more warmth than the air. VVe fol
lowed the river to within some four miles of the lower geyser-basin, 
and camped at a level some 867 feet lower than the divide and 452 feet 
lower than our camp (Nu. 12) at Mud Volcanoes, having traveled nine
teen miles. Some of the party who had preceded us a day came into 
camp in the evening and reported that they had met the advanee
party of the Snake River division of the expedition, under Mr. Steven
son, so the following morning we moved down into the lower basin, and 
in the evening found that the main body of the Snake River division 
were encamped within a mile of us, having got in about the same time 
we did. · The next day they moved their camp and joined us. 

On the way from camp we passed a number of unimportant springs, 
which I will incorporate in the catalogue appended to my report. I shall 
devote but little space to the springs of the lower geyser-l>asin, as they 
were referred to at length in the repQrt last year. Dudng the three days 
and a half that I was in the lower geyser-basin this year, I was occupied 
most of the time in packing specimens to be sent to Virginia City, so 
that I was able to visit but one group of springs. As this, however, is a 
typical group, I will insert the description. They are situated just south 
of camp in an open space bounded on two sides by timber, while the fi·ont 
looks out into the main open basin. They occupy a space of a little over 
3,000 square yard's. The springs are as follows: 

Gourd Spring.-This spring was named from its shape. It is in the 
center of a large, circular mound of siliceous mate.rial, and is 15 feet long 
by 10 feet wide and 12 feet in depth. The bed of the small stream, car
rying away the overflow from the spring is coated with iron, and a short 
distance below we find the gelatinous material that we see in so many 
of the springs that have a low temperature. 'rhe temperature of the 
water in the spring waR 171 o F.; air, 620 F., at 9 a. m. 

Thucl Spring.-This Rpring is 375 feet southwest from the Gourd, and 
measures 18 feet by 16 feet. The depth varies from 8 to 13 feet. Tilis 
of course refers only to the basin of the ~pring, as at the bottom there 
are orifices the depth of which cannot be ascertained by tile line. There 
seem to be thrE-e centers of ebullition, two of which are very actiYe. At 
intervals of a few minutes there seems to be an accumulation of steam, 
the escape of which shakes the ground, making a thud-like noise, wbenc~ 
its name. On looking into this spring the water seems to have an inky
green color, and had a temperature of 1920 F.; air, 620 F., at 9.30 a. m. 

Oak Leaf 8pring.-'rhis spring i~ 345 feet north of the spring next 
described. Tile deposit about it. has a gray color, and the margin of 
the spring bas the appearance of being frmged with oak-leaves. The 
spring is about 6 feet in diameter and 15 feet deep. The water appears 
of a greenish color and Las a temperature of 1940 F.; air, 640 F., at 10.35 
a.m. About 7 feet from this spring there is. a small cone of 2 feet 
diameter, rising five inches abm~e the surrounding level. The tempe
rature of the water in this cone was 190o F. 

Fungoid Spring.-This spring is 140 feet west of the Thud Spring, and 
345 feet south of the spring described above. The basin of this spring 
measures 13 feet by 17 feet and averages 6 inches in depth. The de
posit is pure-white siliceous sinter, giving it the appearance of a marble 
basin. In the ceuter of this basin there is another 5 feet in diameter and 
7 feet deep. Here the water has a greenish tinge, which forms a pretty 
contrast with the white rim outside. The spring has a margin of the 
siliceous material that resembles a row of fungoid growths on short pe
d(:'stal~. There are two small streams proceeding from the spring, which 
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are lined with orange-colored deposit. Surrounding the spring, there is 
a large amount of siliceous sinter, forming a mound, as is the case with 
the other springs of rbe group. The temperature of the water in the 
spring is 1620 F.; air, ()J:O F., at 11.05 a. m. Near the spring there are 
two small boles, in which the water is at 190° F. and 1800 F. 

Kid,ney Spring.-'l'his spring is very irregular in shape, and consists of 
two arms that are almost at right angles to each other. The length one 
way is 19 feet and the other 15 feet, the average width being about 6 feet. 
The depth is about 1 foot.. The spring is fringed with large scallops, 
each one of whicll is made up of smaller scallops. There are three fissure
like centers of ebullition in which the tllermometer records 1t)4° F., 1900 
F., 1840 P.; air at 640 F. at 11.10 a.m. The spring is 180 feet northwest 
of the Oak Leaf. 

Ol,(ff Spring.-This spring is 240 feet southeast of the spring last 
described and 122 feet east of the Oak Leaf. It measures 4 feet by 
8 feet and is 5 feet in depth. The deepest portion is at one end of the 
spring, where tllere is a cavernous opening, overhung by a scalloped 
edge. The water here is of a light-green color. At the other end there 
is a rugged fissure, to which the edge of the spring slopes from the sur
face, h::wing the form in miniature of cliffs. These, above the water, 
have a brown color and below a deep purple. The temperature of the 
water is from 1920 F. to 1950 F.; air, 640 Ii'., at 11.45 a. m. The overflow 
of water finds its way from the spring over an orange-colored bed. 

Jug Spring is 123 feet southeast of the Ol~ff and 150 feet east of the 
Oak Leaf It measures 4 feet by 5 feet and is 3 feet deep. Its tempera
ture was 1880 F.; air, ()40 F., at 12.09 p. m. 

Stirrup Spring is 8 feet by 9 feet and 5 feet deep. There are two 
boles in the botLom of this spring from which the steam escapes, 
and a fissure also, w bich makes the spring resemble the bead of an old 
woman with a cap on, tlle scalloped edge of the spring representing 
the ruffies of the cap and the fissure the mouth, ·while the other 
steam-vents represent the eyes. The temperature of the water was 1880 
F.; air, 640 F., at 12.35 p.m. There are two small holes near this spring 
in whicll the thermometer records 1820 F. 

Lone Spring.-This spring is some distance northeast of the other 
springs of tlle group, and is on the side of a hill some 40 feet higher. 
It is 4~ feet in depth and measures 9 feet by 16 feet. Its temperature 
at 8.30 a. m. was 18()0 F., the air being 620 F. 

The general elevation of the group just described is 7,162 feet above 
sea-level, the boiling-point being about 199°.3 F. All the springs are 
somewhat globular in shape, widening below the surface, having over
hanging edges, and narrowing below to fissures or tube-like orifices. 
They all belong to the class of springs that are constantly agitated, 
and, although tllis agitation is greater at some .times than at others, I 
doubt if any of the springs in the group ever project a column of water 
into the air. 

The area of the lower geyser-basin is about thirty square miles, and 
although it contains a far larger number of springs than the upper basin, 
there are not so many true geysers, and the water is not thrown as high 
into the air as in the upper basin. The geysers of the lower basin that 
have been seen to spout 30 feet or upwards are the "Great Fountain," 
"The Fountain," the" Steady Geyser," "The Jet," and two small gey
sers not named, which are a few yards below the Fountain. Having had 
no time while in the l~nver basin to visit these geysers, I will here insert 
the following excellent description, kindly furnished me by Mr. Holmes, 
artist to the survey: 
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During our somewhat protracted stay in the lower basin, I found time to observe 
pretty carefully all the geysers of any considerable importance. Among the six or 
eight which throw columns of water to the height, say, of 30 feet, there is only one that 
possesses the dignity and grandeur of the great geysers of the upper basin. Although, 
in some respects, it is much inferior to its more popular rivals, in others it is cer
tainly superior. In approaching the crater of this geyser tile observer is not at first 
impressed with its importance, as the outer rim of the basin or rather table-in the 
center of which the fissure is situated-is r:.tised but two or three feet above the gene
ral level. Tllis elevated part I should estimate to be upwards of 120 feet in diameter, 
and, with the exception of the crater, it is built up nearly to a level with the border. 
The surface, formed entirely of siliceous deposit, is diversified by an infinite nnm ber of 
forms and colors. The depressed parts in some places are so level and white and hard 
that a name could be engraved as easily and as well as upon the bark of a beech-tree. 
In others there are most exquisitely modeled basins am1 pockets, with ornamented rims 
and filled w_ith perfectly transparent water, through wllich thousands of white pebbles 
of geyserite could be seen lying in the white, velvety bottoms. Rising above the gen
eral level are innumerable little masses and nodes of cauliflower-like and beaded silica, 
standing out of the shallow water like so many islands. Tllose near the crater swell 
into very large rounded masses. The whole surface is so solid that I walked, by step
ping from one elevation to another, up to the very brink of the fissure, where I looked 
down with no little apprehension into the seething caldron, where, 12 or 15 feet below, 
was a mass of dark-green water in a state of constant agitation, threatening an erup
tion. The crater is about 10 feet in diameter, lined with an irregular coating of Leaded 
silica. The water soon began to rise, plunging from side to side in great surges, send
ing up masses of steam and emitting angry, rumbling sounds. This demon~tration 
caused a precipitate retreat, on my part, to the border of the basin, thinking that I 
could appreciate the beauties of a scalding shower-bath better from that point of view. 

An irregular mass of water was thrown into the air in the utmost confusion, spread
ing out at every angle and whirling in every direction, some jets rising vertically to the 
height of 60 or 80 feet, theu separating into large glistening drops and falling l)ack into 
the whirling mass of water and steam; others shooting at an angle of 45° and falling 
upon the islands and pools 30 or 40 feet from the base. The eruptive force, for a mo
ment, dies away and the water sinks back into the tube. Then, with a:Qother tremen
dous effort, a ·second body of water is driven into the air, but with a motion so much 
more simple than before that the whole mass assumes a more regular form and is like 
a great fountain with a thousand jets, descriLing curves almost equal on all sides and 
forming a symruetrical whole more varied and more grand than any similar work 
by man. The intermittent action continues for nearly an hour, but is so constantly 
changing ,that at no two moments during that time are the forms or movements 
the same. The eruptions are repeated at irregular intervals of a few hours and 
are not known to vary essentially fi·om the manner of action here described; yet 
I have good reason to believe that at certain times there is a much greater exhi
Litiou of power. It must be borne in mind that aU the elevations, such as the 
tubes, rims, and mounds about the crater of a geyser, are built by the evaporation of 
the water, and the portion of surface covered Ly the Leaded silica indicates precisely 
the area over which the erupted water falls. In no case did I observe the water faU out
side of a circle of 60 feet in diameter, and the additional force necessary to scatter it over 
twice that amount of surface must produce a display truly magnificent. 'l'hat this 
display actually occurs is attested by one of our mountaine.ers and almost demon
strated by the extent of the beaded surface. During the earlier part of the eruption 
a considerable quantity of water flows over the rim and down the sides, where it has 
formed a series of basins somewhat similar in form and color to those at the springs on 
Gardiner's River. Palling from one to another of these it passes off down tbe sl0pe 
and joins a large stream of hot water which issues from a steady spring not far away. 

A few hundred yards farther up the ravine, and on the opposite side of the creek, I 
discovered a. small spring that deserves in a quiet way to be one of the great attrac
tions of this at1ractive region. It is isolated from the neighLming springs and nestled 
in against an abrupt bank, so obscured by tall pines that the visioor is liabl~ to pass it 
by uunohced. In approaching from the creek I passed up a gradually ascending slope 
down which the water fl.owR, covering in its meanclerings more than an acre of· ground 
and leaving, wherever it touches, brilliant streams of color. About a hundred yards 
from the creek I came upon the spring, the waters of which stand nearly on a level 
with the surrounding surface. Approaching the border I looked down into the Llue, 
mysterious depth and watched the large bubbles of steaUI slowly rising to the surface 
and passing off into the air. The larger of these bubbles would lift up a considerable 
quantity of water sometimes to the height of 3 or 4 feet, producing a kind of spas
modic boiling and dashing a succession of waves against the rim. The spring is sm
rouuded by an irregular rim which stands a few inches above the general level of the 
water. The basin is 20 feet long and 10 feet wide, one end being narrower and par
tially separated from the main basin by an irregular row of beaded islands and pro
jections. 
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Although the sprin~ and basin are very chaste and delicate in form as well as color, 
there are other l'l})rings more beautiful in those respects. But when I ascended the 
bank and looked down upon the spring and its surroundings, I concluded, without the 
least hesitation, that I had never seen anyt.hing so uniquely beautiful. On the upper 
side of the spring, next to the bank, the water in overflowing ran into large shallow 
pools, painting whatever it touched with the colors of the min bow. Beds of rich, creamy 
white and rich yellows were interlaid with patches of siennas and purples, and di
vided up and surrounded by the most fantastic patterns of delicate grayR and rich 
browns. On the side next the creek the running water has made a net-work of streams. 
In those where the water is still hot, the colors are bright, varying ft·om a creamy 
white to the brightest yellows, but, as the water becomes cooler, farther down, tlJC 
colors grow darker and richer, the siennas greatly predominating, while the basins 
of tho larger pools are stained with still darker colors, frequently of a purple tint and 
reflecting the picturesque groups of pines ou their dark surfaces. Scattered irregularly 
over the whole surface are numberless little areas of dry deposit, from which the 
brighter tints have fade1l but which still retain such a great variety of purple and 
blue grays that the harmony of the whole field of color is complete. 

Mr. Holmes, in his description of the Great Pountain, refers to the 
pebbles of geyserite in the pocket-like depressions ~urrounding it. 
These pebbles vary in size from that of a pea ·to two or three inches in 
diameter. They are made up of concentric layers. The following an
alysis which I have made will give their composition: 

A.nalysis. 
Per cent. 

Loss at 100° C .............. -............ - ..... - -....................... -.. 3. 7G 

tS~~a~~ .1~~i~~~~1_·: ~ ~: •• :::::: ::: ~: ~::: _-: ~ _- _- _-:: ~ _- _- _-: : ~ ~ _- _-: ::: ~::::::: _-:: : ~::: s~: ~g 
Alumina and iron...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 60 
Lilne ............................ --- .. - .... -...... -.. . . . . . . . . . . . . . . . . . . . . . 0. 95 

r:d~~~~i~------ -~_-_-_-_-_ -_-_-_- _ :: ~: = _: ::::::: ::·_:::: ::::: =:: ::::::::::: =::::: ~::: ~:: ~~~~:: 
Potash* .............................. ------ ............................... Trace. 
Lithia* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 

100.15 

Farther up the ravine, at the mouth of which this geyser is situated, 
is a group of ~prings around which the deposit, instead of being wllite, 
as in the case of other springs, is black. These springs were referred to 
in the report of 1871, page 184. I have made an analysis of this de
posit and find it to consist as follows : 

Analysis. 
Per cent. 

Loss at 110° C. -.............•••....•••.•••••... -- ..........•... --... . . . . . • 2. 66 
Loss on ignition ...................... -..... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 33 
Silica . . . . . . . . . . . . . ...............•............. --- -. . . . . . . . . . • • . . . . . . . . . ... 82. 80 
Alutnina...... . ...•......................••..... -----.. . . . . . . . . . . . . . . . . . . ... 5. 64 
Iron .................. , . . . .. . . .. . . . . . . . • . . . . . • . • . . . . • . . . . . • • . . . . . . . . • . . . . . 1 .. 491 

Lime ........................................ ----·......................... 2.13 

r:dga~es_i~ .. _- _- _- _- _- _.: _- _- _-: :.·.: -.-_ ·_ ~: ~:: ~ _-::: :::: _·: _- _- _-:: ~ ~::: _-::::: _.:: _- ~: ~ _- :::::: ~ ~~:~:; · 
Potash* . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . • . . . . • . . . . . . . . . . . Trace. 
Manganese*...... . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 

101.05 

The color of the specimen I believe to be due to• the large amount of 
organic matter included in the above analysis under the loss by igni
tion. 

There was one quite large group of springs in the lower basin, duriug
tbe summer, which escaped our notice during the season· of 187:L~ For a 

* By spectroscopic examination. 
10 G S 
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full description of it I refer to Professor Bradley's report. A specimen 
from this group was handed to me for analysis. Composition, irregular; 
color, rusty brown; fracture, conchoidal; luster, vitreous; hardness, 
5.5-6. 

.Analysis. 

Loss at 110° C .............•...••....................•.................... 
Loss on ignition .....................•. ------ .......•............ ·---·- ... . 
Silica_ .........•...................•..... __ .. _ .. _ .. _ ... _ ..... ___ . _. _ . _ . __ .. . 
Iron and alumina _..... . . . . • • . . . • . . . . . . . . . . . . . . . . . . .......•.............. 
Lime ____ .........................•..................... _ ................ . 
Magnesia ............................................. _ .................. . 
Soda* ...................................... _ . _ .. _ ......... _ ....... _ . _ .. __ 
Potassa* ...............................•.................................. 
Lithia* ..................•.......•.................... _ .................. . 

Per cent. 
4.00 
5.75 

85.85 
1. 94 
1. 85 
0.30 

Trace. 
Trace. 
Trace. 

99.69 

The Fountain Geyser is the second in importance in the lower basin, and 
is centrally situated. It is on a slight eminence, and from it the deposit 
slopes gradually toward the river, studded ·with innumerable springs. 
This geyser was fully described in the report for 1871, so I will pass it 
by here. Back of the Fountain are the Mud Puffs, which were also 
fully described last year. I wish to insert here an analysis, by Dr. End
lich, of a pink mud from this locality. A portion of the silica is doubt
less combined with some of the alumina as a silicate. 

Analysis. 
Per cent. 

Loss on ignition...... . . . . . . .. • . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 8. 65 
Silica ....•................................... , . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 44. 61 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45. 09 

w~~fces~~id~ -_ ~:: -_: =: = = ~ : = ~ -_ = ~ ~ = = ~ ~ = = = : = ~ ~ = = : :: ·_ : ~ : ~:: ~ :: ·_ : ::: : : : : : =: ~ ~ ~ = = : i: ~g 
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .. • . Trace. 
Soda* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . Trace. 

102.87 

Between the Fountain Geyser and the Mud Puffs, we find pieces of 
wood coated with geyserite, which assumed a beaded form, sometimes 
branching like certain forms of coral. Most of the specimens are trans
lucent and have a vitreous luster. The color is generally a light pin.k. 
An analysis made by me of this form of _geyserite gives the following 
result: 

Analysis. 
Per cent. 

Water.......... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 10. 40 
Silica.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 88. 48 
Alumina and iron .................................... - ................. -.- . 88 
Lime .............. - ........................ - ........... -. . . . . • . . • . . . . . . . . . 18 

~~~~~~i~- : = = -_ = ~ : ~ ~ ~ .- ~ _.: ~ ~ _. ~ _- ~ ~ _- _- ~ _· _- _- ~ _· _- ~ _- _- ~ ~ ~ _.::: _- _- _- _- ~ _- _-_-: ~ _. _- ~: ~ ~ ~: ~ ~ ~ ~ ~ ~ : J,~:~:: 
Potassa * ............................................ - ........ -.... - . - . . . . . Trace. 
Lithia" . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 

99.94 

Wood may be found in various stages of silicification, and if the prob
lem can ever be solved as to the process of silicification, I think a sojourn 
in the geyser-basins of Fire-Hole River will be of the highest importance 

* By spectroscopic examination. 
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in assisting us to conclusions upon the subject. lVIy space here is too 
limited to do more than refer to it. 

The area of the lower geyser-basin is about thirty square miles, and 
the valley seems to be underlaid by a sedimentary, probably Post-plio
cene, formation of which part is composed of broken bits of geyserite. 
The highest temperature that was recorded is 1980 F., but there is no 
doubt that many of the springs are at the boiling-point, (1990.5 F.,) it 
being impossible to determine it on account of the spouting of the water. 
The general elevation of the lower hasin above sea-level is 7,275 feet. 
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At the lower end of the basin the Fire-Hole River is joined by }fairy 
Fall Creek, at the head of which there is a beautiful fall called the F::~iry 
.ITall. This fall is 250 feet high, and the water falls into a beautiful 
basin at the foot of a cliff. From the mouth of this creek to the mouth 
of Iron Spring Creek, at the lower end of the upper geyser-basin, the 
distance is five and a half miles in a bee-line. Between the two there 
is a large group of springs that can be included in neither, and to which 
we gave the name of the Half-W a.y Springs ; tlleir general elevation is 
7,296 f~et. These springs were uescribed at length in the report. fo_r 
1871. The illustration (Fig. 36a) by Mr. Elliot shows one of the prmm-
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pal springs in the group. The peculiar lamination of the deposit at the 
edges is well shown. The elevation at the lower end of' the upper basin 
is 7,321 feet, and at Old Faithful, at the upper end, 7,397 feet. 

On the morning of August 17 all the specimens were sent to Virginia 
City by pack-train, and in the afternoon, in company with Messrs. 
Brown, Sloane, and Bingham, I proceeded to the upper basin to make 
observations on its principal geysers. These are named as follows: Old 
Faithful, Bee-Hive, Giantess, Castle, Grand, Turban, Saw-Mill, Giant, 
Grotto, the Riverside, the Fan, and the Soda Geyser. All of these, save 
the Giant and the Fan, were seen in action this year. Our stay being 
but three days in length necessarily renders the observations somewhat 
incomplete. There is but little doubt that a longer stay would develop 
many new geysers. vVe spent one day at Old Faithful, as it spouts more 

·/ frequently .than any of the others, and is also at the head of the valley, 
making a good starting-point. I will refer to them all separately below. 

Old Faithjitl.-The mouth of this geyser slopes inward, measuring 
outside 8 feet by 4 feet and inside 6 feet by 2 feet. It is in a mound of 
geyserite that rises 11 feet 11 inches above the surrounding level, and 
measures at the base 145 feet by 215 feet and at the top 54 feet by 20 
feet. The mound is arranged in a series of small basins, rising one 
above the other, in which the water, beautifully clear, stands after the 
eruptions. The edges of these basins, as well as the throat of the gey
ser-tube, are ornamented with bead-like silica. We tried: to sound the 
depth of the geyser-tube, and after letting out the entire length of rope, 
360 feet, and withdrawing it, we found the end completely tangled, 
which was the case in every attempt. It was impossible to get the 
temperature of the water, for immediately after the eruption the water 
sank out of sight, and at other times there was so much steam escaping 
that we could not even look into the tube. There are four conical 
mounds about Old Faithful that were probably geysers at some time in 
the past. The eruptions of the geyser commence with a few abortive 
att~mpts, followed by a rapid succession of jets, which soon reach the 
maximum, and then gradually subside and are followed l>y a slight 
escape of steam. We measured a base-line of 100 feet, and Mr. Brown . 
was able to get the heights of five eruptions, although there were alto
gether seventeen witnessed during our stay, as follows: 
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1 Aug.17 3 22 00 p.m. 3 27 00 p.m. ··----------·-·· ------- - 5 
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14 Aug.18 8 51 00 p. lD ---------------- ............................ .............. .. ......... 4. 20 
15 Aug.l9 10 7 00 a. m :tO 11 45 a.m. ............................ . ............. ------ .......... 1 00 45 Hl Aug.19 11 12 30 a. m 11 17 20 a.m . .......................... ............. ............ .. .......... 
17 Aug.20 11 54 00 a.m . l1 58 20 a.m ...... !'!'•••••······· .............. ............ ......... 
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The Bee Hive is on the opposite side of the river from Old Faithful, 
and about 300 yards distant in a northwesterly direction. It is on the 
bank of the river and recognizable at once by its cone, which is 3 feet 
in height and almost circular, measuring 3 feet by 4 feet at the top and 
20 feet in circumference at the base. It is coated with beautifully 
beaded formations which, in some places, have a pearly aspect. The 
orifice at the top of the cone measures , 3 feet by 2 feet, and "the line 
dropped into the tube reaches a depth of 21 feet. The eruptions are 
very :fine, and peculiar to this geyser. The water and steam escape 
from the orifice with great force in a steady stream. The average of the 
height of the column, which is fan-shaped, is very high, and, what is the 
curious, no water falls from it, but it seems to be eutirely resolved into 
spray, which evaporates as soon as formed. ·Three eruptions were wit
nessed, but all from a distance, and we were able to get the height of 
but one, which was over 100 feet. 

The following table gives the eruptions we saw: 

~ 
0 ..... ci 

0 Date. +><::: 
:::>.1:.0 

izi PQ;> 
._.P 

~ 

h. ?n. 

2 A.ugustl9 _______________ . --------------·------- 3 2 p.m. 
3 August 20 ______ - _ -. ___ . __ .. _ . -. _ .. . . _- .. - .... - . 12 34 p. m. 

~ ...... 
0 ol'i 

•.-I rd 
..<:l·S -+"Q;> 

:::>."0 
_..., 

p§ CJJ~ 
o:lP ... 0 ... 

~ 
Ho 

h. 1n. s. m. s. 
1 44 00 p m. 5 00 
3 17 00 p. m. 15 00 

12 38 30 p. m. 4 30 

a; 
;.. ... .s 
~ 

h. ?n. 

25 18 
::!1 17 

1 A.ugustlS .................. ____________________ I 1 39 P· m. 

--~------~~------~----~---

The dur ttion and interval are both seen to vary, although a greater 
number of observations are necessary to deduce any conclusions, as there 
may be as it were a sort of regular irregularity. 

G-iantess.-Tbis geyser is on the same side of the river as the Bee
Hive and only 200 yards from it. It has a large basin, measuring 23~ 
feet by 32~ feet, in which the water is 63 feet deep and appears of a 
green color. When I took its temperature, two days after the eruption, 
the water was level with the rim and perfectly quiet, the mercury 
recording 192o F.; air, 560 F., at 11.50 a.m. The onlv- time we observ-ed. 
it in action was on tb.e evening of August 18. The eruption commenced 
at 6.56.30 p. m., and lasted 17 minutes, starting again at 7.43.30 p. m. 
This lasted about the same length of time; at 8.48.30 p. m. it was fol
lowed by a third. The maximum height of tbe water was 39 feet; aver
age, 30 feet ; the steam reaching a height of 69 feet. The angles for 
height were taken from the end of a base-line 200 feet in length. There 
was an immense mass of water thrown up which surged and splashed in 
all directions, with sev-enty-three pulsations per minute. After the erup
tion the water sank 20 feet in the basin. 
~~round the Bee-Hive and Giantess there is a group of springs 

in which I took ten temperatures, ranging from 11so F. to 1960 F., the 
average being 173°.6 F. Among them are a. number of cones, which are 
probably geysers spouting at long intervals, although none of them were 
seen in action. On one of these I saw the bodies of about a dozen mice, 
that bad the appearance of having been scalded to death. 

Castle Geyser is farther down the river, 430 yards from the Giantess, 
on the opposite side. It has one of the most noticeable craters that is 
found in the basin. The cone is on a platform measuring 75 by 100 
feet and 3 feet in height. Above this platform it rises 11 feet 11 
inches. It is 120 feet in circumference at the base and 20 feet diameter 
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on to1i. The orifice of the geyser-tube is circular and 3 feet in diameter, 
and its throat is lined with large globular masses, of an orange-color, and 
beautifully bea<led, ~ is seen so universally throughout both geyser
basins. An eruption is as follows: It commences with a succession of 
jets of water, in number about twenty per minute, which rise to various 
heights. These last about fifteen minutes and are succeeded by ateam, 
mingled with spray, which escapes with a sort of pulsating movement. 
This soon changes to a steady escape. It seems as though the water 
were exhausted and the steam was being forced out as rapidly as pos
sible. This again changes, and the steam escapes in cloud-like masses 
with a roaring sound, like the es0ape of steam from some vast escape
pipe, which in reality it is. This gradually dies away and the eruption 
is ended, having lasted about an hour and twenty minutes. vVe wit
nessed one full eruption and parts of two others, as follows : 

First eruption, A~tgust 18.-Maximum height, 34 feet; mean height, 21 
feet. 

Seconrl eruption, A~tgust 19.-10.3.0 a. m., commencement; 10.6.40 
a. m.~ maximum of water-period, height 93 feet; 10.18 a. m., maxi
mum of steam, height 115 feet; 11.25 a. m., end of eruption. 

Mean height of water, 57 feet; of steam, 81 feet. 
Thircl eruption, August 20.-7.24 a. m., eruption began; 7.40.20 a.m., 

· eruption ended. 
We did not see the beginni~-g of the first eruption, and did not, there

fore, wait until it was over. The angles for height were taken from the 
end of a base-line of 100 feet, measured from the center of the orifice, 
and the heights are above the end of the base-line. The third was wit
nessed from a distance, and the height was not ascertained. At the 
base of the Castle there is a spring, measuring 12 feet by 7 feet, 
which bubbles intermittently. The water was at the boiling-point, 
(199°;) air, 64° F., at 11.35 a. m. Twelve feet fi.'om this there is a second 
sp.ring of the same character, measuring 6 feet by 3 feet and having a 
temperature of 192° F. The bed of the stream flowing from these 
springs is coated with bright-red oxide of iron. The water in these 
springs rose and feU repeatedly during the eruption of the Castle. 
While steam mingled with spray escaped from the Castle the water 

Fig. 37• was out of sight in 
----=:;;;-----, these springs, and 

-="""'"'''"'_, _____ , when steam alone es-
caped they were ac
tive, spurting to the 
height of 3 feet. The 
principal sp1·ing near 
the Castle is a large 
blue spring, almost 
circular in shape, 
measuring 19 _ by 21 
feet. It bas a mos~ 
regular and beautiful 
scalloped edge, and 
looks as though it 

RIM ADOUT A GEYSER-TUDE, UPPER FIRE-HOLE. were lined With White 
marble. This white basin slopes to a large funnel-shaped orifice, which is 
on the side next the Castle. This is 40 feet deep. The surface of the water 
is placid and appears of a most intense blue, especially over the orifice. 
The temperature of the water was 180° F.; air, 58° F., at 9.08 a.m. Fig. 
37 is an illustration of one of the springs near the Castle, showing the ap-
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pearance of tl1e crater when the water has receded into the tube. A few 
hundred yards south of the Castle, separated from it by a small belt of 
timber, there is a group of quiet springs, ranging in temperature from1ooo 
F. to 1060 F., the average being 171°.3 F. A number of them are mud
springs, and it is the only place in the upper basin where I noticed any 
sulphur. The analysis of a specimen of blue clay from one of these 
springs, by Dr. Endlich, gives the following result: 

Per cent. 
Loss by ignition...... . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15. 15 
Silica ...... r ••••• ••••••••••••••••••••••••• _ •••••••••••••••••••••••••••• -.-. 50. 70 
Alumina .............. _ ... _ .................•.. _. . . . . . . . . . . . . • . . . . .. . . . . . . 20. 27 
Ferric oxide ...•.... _ ... _ .....•••...•................... _. _ ... _. _. . . . . . . . . . . 3. Z•3 
1\Iagnesia . ................. _ .................. __ .. _. _ .... _... . . . . . . . . . . . . . . 11. 55 
Lime .............. _... . . . . . . . . . . . . . .. -... - . -... -.. . . . . . . . . . . . . . . . . . . . . . . . . Trace. 
Sulphuric acid ................................................... ___ ---· .... Trace. 
Chlorine .........................•...............• _ ................ _... . . . . 'l'race. 

100.92 

Grand Geyser is 460 yards from the Castle, across the river. It is 
situated at the base of a small hill, and, unlike the majority of the gey
sers, has no raised cone, 1mt only a basin sunk below the general level. 
One would scarcely take it to be an important geyser, unless he wit
nessed one of its eruptions. The basin is 52 feet in diameter and 1 foot 
in depth. In the center is the mouth of the geyser-tube, measuring 4 
feet by 2 feet. The depth was not ascertained. All the eruptions we 
saw took place early in the morning, and we were unable to get the 
height of but one, and in order to do this we camped immediately in 
front. of it and kept guard by turns through the night. It did not 
spout, however, until daylight, but we succeeded in ascertaining the 
exact height of the column. The eruptions are as follows: 

Firsf eruption, .August 18.-5.20 a. m., eruption began; 5.35 a. m., 
eruption ended. · 

Seconcl enption, August 19.-3.35 a. m., eruption began; 4.12 a. rn., 
eruption ended. 

Third entption, A1.tgust 20.-6.33 a. rn., eruption began; 6.36 a. m., 
eruption suspended; maximum height, 122 feet; mean, 79 feet. 6.42 
a. m., eruption began again ; 6.46 a. m., eruption suspended; maximum 
height, 173 feet; mean, 149 feet. 6.56 a. m., action recommenced. 7.5 
a. rn., eruption ended; maximum height, 84 feet; mean, 53 feet. 

As is shown abo,~e the eruption consists of three distinct periods of 
action, after each one of which the water sank completely out of sight, 
and water overflowed from the Turban, which is in close proximity, into 
the tube of the Grand. The water during the eruption is carried up 
in a succession of jets, the main maNs of water being large. Through 
this a column will shoot at intervals to the greatest height. The shape 
of the entire column is, therefore, pyramidal, broad at the base and 
tapering to a point. Immense clouds of steam accompany the water, 
and the latter in falling baek shakes the ground. Tbe third eruption 
was not as high as some that were not measured. The height must 
sometimes exceed 200 feet. The interval between the first and second 
eruptions was 22 hours, and between the second and third 26 hours and 
21 minutes. During the third eruption there were at first 73 pulsations 
per minute, which afterward were reduced to 71. 

Tu'rban Geyser.-Although this is one of the minor geysers of the upper 
basin, it has, perhaps, one of the most uniquely beautiful craters. It 
spouts very frequently, but as all our time was occupied with the more 
important ones, we ascertained the height of but one eruption and 
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obtained no data as to the interval. The crater is only a few feet from 
the Grand Geyser, above which it rises about 3 feet. ·It is 23 feet long 
and 11 feet wide and 6 feet in depth. The sides and bottom of this large 
basin are covered with globular masses that look like large squashes 
ur pumpkins. (Fig. 38.) This r.esemblauce is increased by their yellow 

Fig. 3a. color. We thought 
of naming it the 
Pumpkin Geyser, 
but, as the name Tur
ban is perhaps more 
euphonious and some 
of the masses are tur
ban-shaped, we called 
it the Turban Geyser. 

The orifice through 
which the water rises 
is situated at one end 
of the basin and is 
irregular in shape, 

- measuring 4 feet by 
GLOBULAR MASSES IN THE CRATER OF THE TURBAN GEYSER. · 3 feet, After the 

eruptions the water sinks into the tube very rapidly, leaving the 
entire basin empty. Preceding the eruption the basin fills, and the 
mass of water is so great that it cannot be projected to any great 
height. It is violently agitated and the escaping steam splashes it 
about in all directions. 

The following is the eruption we witnessed : 
A~tg1lst 20.-7.5.30 a. m. eruption began; 7.5.!5 a. m. eruption ended. 

Maximum height, 25 feet; mean height, 19 feet. 
Sa.w-Mill Geyser.-This also is one of the smaller geysers as well as 

one of the prettiest in the basin. The mass of water thrown up is not 
very great in quantity and is so broken into spray that it presents a 
most delicate fountain-like stream. I saw but one eruptiem closely, and 
before I had time to ascertain the height of the column, the Grand 
Geyser, which is quite near, began to spout, and I was obliged to leaYe 
the Saw-Mill. During its eruption there are noticed four distinct 
periods of action per minute, each one made up of fifteen impulses. 
The main body of water is carried up about 5 feet and then at intervals 
a stream is suddenly shot through this mass to the height of about 15 
or 20 feet. I stood between the geyser and the sun, and on one side .of 
the column there was the half-arch of a rainbow. 

Giant Gey,~er.-This geyser was not seen in action by any member of 
the expedition this year, although last ye;~r it was one of the most active 
in the group. It is 500 yards northwest from the Grand Geyser, on the 
opp~site side of the river, near the water's edge. It has a rough cone
like crateli', 10 feet in height, measuring 24 by 25 feet at the base. The 
top is about 8 feet in diameter, the orifice from which the water is pro
jected. bBing about 5 feet in diameter. This cone is situated on a plat
form of geyserite1 which rises 4 feet above the surrounding level and 
has a circumference of 342 yards. The sounding-line reached a depth 
of 25 feet in this cone. On the same platform there is a second cone, 
or rather a mound, 232 feet in diameter and 6 feet high, which bas two 
orifices from which water spouts to the height of 12 to 15 feet at irregu
lar intervals. The first orifice measures 6 feet by 2~ feet, and at the 
bottom there are two holes from which the water js projected simulta
neously. The greatest depth which the line reaches here is 172- feet. 



GEOLOGICAL SURVEY OF 'THE TERRITORIES. 153 

Orifice No. :3 is 3 feet above the first. It is 1 foot in diameter and 12 
feet deep. Besides these principal openings there is a large number of 
smaller orifices and springs scattered over the platform, some of which 
are quiet and some of wilich spout. Some of tile temperatures are as 
follows: 104o F., 1880 F., 182o F., 1!)80 F., 1960 F., 194P P., 1860 F., 
1960 F., 194P F.; air, 680 l!-,.; time, 4.25 p. m. The water in the Giant 
seemed to be considerably agitated, but never reached a greater height 
than about 3 feet aboYe the top of the cone. Tile platfol'm is made up 
of successive layers of geyserite, and on the side next the river the 
water has so cut into it that the layers are well exposed. Tiley are 
-very irregular in composition, but as a rule the lower we go tile harder 
we find them. In one of the layers I obtaine.d pieces tilat bore a 
remarkable resemblance to true opal, the color and specific gra;dty being 
that of semi-opal rather than geyserite. Tl!e colors are w bite, red, and 
green. Two of these specimens were submitted to Dr. F. Endlich, of the 
Smithsonian Institution, who has sent me the following communication 
in regard to them. 

\VASIII~GTO~. D. c. 
DEAR Sm·: I have examined the specimens from the Giant Geyser that you lutYe 

kindly submitted to me, and give yon herewith the results. From their position at 
the crater of the geyser, it may be deduced that they are older than the geyserite at 
the surface. The minerals form plates of about t to 1 inch in thickness, lying horizon
tal when in position, and. are also distrilmted in irregular nodules, bordered ou all 
sides by geyserite. For particulars in regard to locality I refer to your report. The 
varieties obtained are two, as follows: 

No. 1.- Structure, amorphous; hardness, 6-6.5; specific gravity, 2.4903; color, 
milky white; fracture, sub-conchoidal; luster, dull. 

Analysis. 
Per cent. 

~i~~~ab.~ ~~~-i~~~~~ ~ ~: ·.: ~: ~: ~::::: ~ ~: ~ ~::: ~ ~ ~::: ~: ~::: ~:: ~ ~:::::: ~:: ::: ~ ~ ~ ~ ~:: 9~: ~~ 
Ferric oxide._ .. _ .... _ .. _. _ .. ____ ................ _ ......... -- .... -. . . . . . . . . . 2. 68 
Soda* ..• __ .. _. _ ................ __ ...... _. _ ......... _ ... __ .... - _ ... :. - ... __ . Trace. 
Lithium* ............ ··---- ............ ·--·-· ........................ ··--·· Trace. 
Calcium* ...................... ··---· ...... --·· ...... ·---·· ...... ·-·-·· .... Trace. 
Alumina .............. _ .............. _ .......... _. __ .............. _ .... __ . _ Trace. 

Total ......•.. _ ...... _ ....... __ ........ _ .. _ ......... _ ........... __ ... 100. 02 

No. 2.-Structure, amorphous; hardness, 6-6.5; spE:cific gravity, 2.0816; color, light
greenish brown; fracture, conchoidal; luf:lter, vitreous. Water; G.3 per cent. 

Comparing with quartz, opal, and geyserite, we find the position of this mineral as 
follows: 

I 
Hardness. . . I Percentage of Percentage of 

Spemfic gravity. silica. water. 

-
Quartz ............... 7 0 2.5-2.8 99 0.3 
Specimen No.1. ...... 6.0-6.5 2.4 9;) 1.5 
Specimen No.2 ....... 6.0-6.5 2.08 I .••••• ·g:> ..... 6.3 
Opal ................. -- ............ 5.5-6.5 1. 9-2.3 7.00 
Geyserite ............ -.. -...... 5.0 1. 8-2.0 I s7 I 10.00 

\Ve therefore have a mineral resembling in some points semi-opal; in this case, 
howe>er, having but little water, a comparatively high specific gra\·ity, and an entirely 
new process of formation for any mineral, occupying, af:l it does, an intermediate posi
tion between quartz and opal. As the characteristic feature of opal is the presence of 

* By spectroscopic examination. 



1[)4 GEOLOGICAL SURVEY OF THE TERRITORIES. 

water, it must, in n chemical system, be referred to that species; bnt, taking into con
sideration the specific gravity, the small percentage of water, and the circnmstances 
under which the mineral is formed, I wish to distinguish it as a well-defined sub-spe
cies of opal, and propose to name it '' Pealitc," as you were the :first to find aml C(l)l-

lect the mineral. · 
Very respectfully, 

FREDERIC M. ENDLICH. 
Dr. A. C. PEALE. 

The following are analyses by Dr. Endlich of specimens from the same 
locality. The first is from the top of one of the cones, :md is a typical 
specimen of geyserite. It is one of the latest formed and is covered with 
beautiful bead-like processes, having a pearly luster. The second. 
specimen is also from the Giant Geyser, but is from one of tbe lower 
layers and is much older. It is opaloid and in layers some of which 
are white and others red. The latter have a flesh-color, like raw- beef . 

.Analysis of spec·imen No. 1. 
Per cent. 

Loss on ignition....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 13. 42 
Silica. __ .• _. _ .......................................... _ ............... ~.. 79. 56 
Lime . _. _ ............. ". ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. G4 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 046 
Magnesia ............. __ .......... _ ......•.............................. _. 1. 78 
Iron .. _ .......................... _ ............ _ ........ __ .. _... . . . . . . . . . . . . Trace. 
Chlorine ................. _ ... _ ................. _. . . . . . . . . . . • . . . . . . . . . . . . . Trace. 
Soda* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . Trace. 

Total . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 97. 76 

Analysis of specinwn No. 2. 
Per cent. 

Loss by ignition ............... _. __ .............. __ .. . . . . . . . . . . . . . . . . . . . . . . G. 25 
S.ilica .............. ____ ··---- ------ ................. ---· ...•.... ----·· ____ 92.64 
Lime . _ .. ___ .. _ ...•..... __ .. __ ....... __ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 03 
Ferric oxide ...... _ ... _ ... _. _ •....... _....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 60 
Alumina .............................. _ ... _ ... __ .. . . . . . . . . . . . . . . . . . . . . . . . . Trace. 
Magnesia ..... __ ... : ........... ___ .. _. ___ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 
Soc1a7' ............... _ ........ _ •...... _ .. _ ..... _.... . . . . . . . . . . . . . . . . . . . . . . . Trace. 
Strontia" ......... _____ . ____ . _. ____ ... __ ..... __ .............. __ ........... Trace. 

'l'otal ............ _ .•............•.... __ ....... ... . . . . . . . . . .. . . . . . . . . 100.52 

Fig. 39 is an illu:stration of one of the minor geysers of the Upper 
Basin. 

The Grotto Geyser is 400 feet northwest from the Giant, and separated 
from it by a line of trees. 'rhere are two cones which spout alter
nately during the eruption. The larger one, which we will c~U No. 1, is 
very irregular and is 8 feet in height. The tube from which the water 
is projected measures G feet by 2 feet and is 19 feet deep. 'l'ho other 
cone, No. 2, is 19 feet in diameter at the base and 14 on top. It is 4 
feet high, an d. the orifice on top is quadrangular in shape, measuring 
5 feet by 3 feet. When not in action the water is from 10 to 15 feet 
below the top. The basin is 1G feet deep. The entire length, including 
both cones, is 53 feet and width 26 feet, the centers of the two being 
30 feet apart. The plan shown in Fig. 40 gives the relation of the two. 
Between them there are two small geyser-tubes which spout whenever 
the main cones are in action. The eruptions consist of a series of jets 
averaging about 20 per minute. 

* Spectroscopic ex;amina.tion. 
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First eYuption, August 16.-2.45 p. m., eruption began; 3.23 p.m.~ 
eruption ended. 

Cone No. 1. Maximum height, 32 feet; mean height, 13 feet. 
Cone No. 2. Maximum height, 24 feet; mean height. 8 feet. 
Second entption, August 19.-1.27 p. m., eruption uegan; 2.40.30 p. m., 

muximum of No .. 1, 31 feet; 2.42.30 p. m., maximum of No.2, 41 feet; 
4.0.0. p. m., ernptwn ended. 
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:Mean height of No. 1, 16 feet ; of No. 2, 13 feet. . 
After the eruption the water sank rapidly to about 20 feet m No. 2 

and 15 feet in No. 1. 
The following table will present the resnlts of ~he obse!vations ol! the 

variouR geysers as made by myself. Other pomts of mterest w1ll be 
found in the various report-s: 
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Name. 

Old Faithful ........... __ . __ ..................... . 
Bee-Hive ___ .: ~ __________ . _. __ . __________ . ________ . 
Giantess .. _ .. _ . __ ................ --- -- ... - - - . -. - . -

igb:;:;;: :::: ::::::::::::::::::::::::::::::::.1 

17 
3 
1 
3 
3 
1 
2 

Average 
length of 
eruptions. 

m. s. 
4 53.07 
8 10 
7 13 

15 30 
28 00 
15 00 

125 30 

I.A. verage in
terval be-

l 
tween erup-

, tions. 

h. m. s. 
1 2 45 

23 17 30 

24 10 30 

~ l,._.co 
..0 0~ 
CJl 0 
'$ >:1,0 
..0 0 ~ • 

s ~~~ ::l ~0~ 

.§ ~~~ ~ 
~ ..-4 t:.Cg 

-~ ~ 

Feet. Feet. 
130 7, 3!!7 

7, 402 
39 7, 408 
93 7, 387 

173 7, 887 
25 7, 387 
41 7, 3;.!·1 

As we go from the Grotto Geyser down the river on the oppsite side, 
we pass through the timber at the foot of a hill. Emerging from the 

Fig. 40. 
trees the first spring 
we meet with is situ
ated · at the top of the 
hill some distance 
above the level of the 
river. This spring is 
bordered by cauli
flower-like forms of 
geyserite, which have 
l:l! greenish tinge. 'l'he 
water flows from the 
spring in several small 
streams, the bed of 
each one being a brig-ht 

PLAN oF GRoTTo GEYSER. orange color. The 
a a, Orifices of cones; b b, Outlets for water. water flowing down the 

hill becomes cool long before it reaches the river. An analysis of a 
specimen from the edge of this spring is as follows : 

Color, greenish-gray; fracture, conchoidal ; luster, dull ; hardness outside 3, inside 6. 

A.na.Jysis. 

t~~~ ~! ~~~~tTo~ ~:: .· ~:: ~: _'::::: ." ~:::: .-::::: _':::: ~:::: ~: _·:: --:: _.: ~: _':: _- ~::::: 
Silica._ ....... _ .. _ ...... __ ........ .. _. _ ... -•..... -... --- .... --.- .. --.- .... . 
Alumina ....•..........•........ __ ............................ _ .......... . 
Iron .............................. __ .....••............ __ .. __ .. _ . . . __ ... _ . 
Lime ..... _ .... __ ... _ ...... _ . . . . . . __ .....•. - . - - .... -...••••... - - -..... - .. . 
Magnesia ... __ . _ .......•. _ ..•.. __ ... _ . _ .... ___ .......... __ . __ .... - .• _ .... . 
Soda ... _ ... _ .......... _ ....•...... _ . _ ..... _ . . . _ . _ .... _ ... _ .............. . 
Potassa ..... _ ..... _ ..... _ .............. _ ..... _ ............. .. ............ . 
Lithia .•.........•........................... _ .........•.......... _ .....•. 

Per cent. 
2.00 

10.20 
86.10 

1. 96 
.717 
.28 

Trnce. 
Trace. 
Trace. 
Trace. 

101.257 

Thinking that the hot springs would have considerable influence on 
the temperature of the water in the river, I took the following tempera
tures in the Fire-Hole and Madison Rivers: 
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.... .... 
0 0 

<ll <ll ... ... 
.E. ::I • ........ 

Position. Time. c:s>- "'<:) a·a ..... 
g·~ P; 

s 8 
<:) <:) 

E-i E-i 

Above Old Faithful. ....................................................... . 
13elow Old Faithful, opposite Bee-llive .................................... . 

~~~~i~i~~t~~- ~~:~:~---- ~: .-: .-.-: :::.·_·_·_·_·_·_-_-_-_._._._._._._·_·:_·_·_·_·_·: _._._._._. _· _-_-_-_·:: ~::: _. 
Delo'v Grotto .............................................................. . 
East Fork of :Fire-llole Ri;cr abo:;e its junction with the main river, but 

M~Sl~:n R~\~c~~ .it~st. b~i~~. th~- j~~ti~~ -~f -~~;t. f~~-k- -~i "Fi~~~H~l~- ni~~~. 
1lr:C{f~~1ni~~~e;~g~~ t~;;:;~ -~ii~~.-t~i~;; ii;o j~1~~ti~~ ~i ~~~t ·io~k -~i Fi~~--·f I 

llole River. ( 
Madison Rh·er just after its junction with the .r efferson River, near Gallatin 

City, Montana Territory ................................................. . 
Gallatin River just above the junction with the Missouri River,near Ga1latin 

City, :Montana Tenitory ................................................. . 

12.00 m ...•. 
12.05 p.m .. . 
12.30 p.m .. . 
1. ~Q p.m .. . 
1. ;>,)p.m .. . 

7. 30 a.m ... 

7.40 n,.m .. . 
6. 00 p. Ill .. . 
6. 00 a.m .. . 

7.30 a.m ... 

7. 30 a.m ... 

OF. 
56 
58 
56 
58 
58 

44 

45 
66 
28 

45 

OF. 
53 
56 
60 
60 
60 

56 

55 
60.4 
56 

52 

50.5 

These observations were all made in August, with the exception of 
the last two, which were made September 10, 1872. 

The following analyses are of specimens collec~ted by the Snake River 
di dsion of the expedition: 

No. !.-Geyserite ball from geysers of Shoshone Lake. Composition, irregular; luster, 
dull; structure, amorphous; hardness, 5.5; color, ~ayish white. 

Analys-is. 

Loss at 110° C ..................•....•.................... _ ............. _ .. 
Loss on ignition ................•...........• , ............................ . 
Silica ....................... _ ............. _ ..... _ .•...... __ • _ ............ . 
Alumina and iron ............................•............................. 
Lime. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . ..................................... . 
1\Iagnesia .....................................•........................... 
Soda* . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . • . . . . . . . . . . . . . . . . . . . . ...... . 
Potassa * ...............................•.................................. 
Lithia* .................................................................. . 

Per cent. 
~.75 
6.25 

85.75 
2.20 

85 
Trace. 
Trace. 
Trace. 
Trace. 

100.8() 

No. 2.-Bluish-gray geyserite from geysers of Shoshone Lake. Amorphous; lamin
ateu; luster, dull; hardness, 5. 

Analysis. 

Loss at 110° C ........................... _ ................................ . 
Loss on ignition .......................................................... . 
Silica ....................•................................................ 
Alun1ina ................................................................. . 
Iron .................•............••.....•.............. -................ . 
Ljrue ........................... .. ........................................ . 
1\-lagnesia .........•...................•....•.............................. 
Soda" .......................................... · ......................... . 

* By spectroscopic examination. 

Per cent. 
5.00 
8.00 

76.80 
9.46 

Trace. 
1. 80 

Trace. 
Trace. 

101.06 



The follow·ing table gives the principal analyses of geysm·ite from all pm·tg of the world. 

Locality. Analyst. Year of !Specific I ••• 
analyses. gravity. Si. H. ··· I ... -:M:- -¥eo:- c~. Na. K. Mg. s: Li. Cl. s;. M~. I Total. 

Iceland ...........•.....•............ ! Damour ....... ~--·······~········~87.67 
Do .................................. do . . . . . . . . . . . . . . . . . . . . . . . . . . 00. SO 
Do .................................. do .......................... 9L23 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Klaproth . . . . . . . . . . . . . . . . . . . . . . 98. 00 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kersten....... . . . . . . . . . . . . . . . . . 94. 01 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Forchhammer. . . . . . . . . . . . . . . . . . 84. 43 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bickel . . . . . . . . . . . . . . . . . . . . . . . . . S8. 26 
Do .................. .... .... .... ... do ... ..... ........ ..... ..... !H. 56 

New Zealand........................ Pattison...... 1844.... 1. 968 77. 33 
Do . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . Mallet ...... . . 1S44.... 2. 031 94.20 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mayer ................ , . . . . . . . EG. 03 
Do ............... ........ ........... do .......................... 84. 'j8 
Do ..... : ............................ do .......................... 79.34 

Do .................................. do .......................... 88. 02 
Do .................................. do . . . . . . . . . . . . . . . . . . . . . . . . . . 8G. SO 

Yellowstone National Park, lower Peale ......... 1872.... 1. SGG 83.83 
geyser-basin. 

j)o . . . . . . .. . . . . . . . . . . .. . . . . . .. . . . Hitchcock .... 1872 ............ 87.56 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Austen . . . . . . . 1872.... 1. 97 87. 14 

Yellowstone National Park, Giant Endlich....... 1873 ............ 92. 64 
Ge.vser. 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... do . . . . . . . . . 1S73. . . . 2. 4903 95.84 
Do .............. ............ ...... .. do ........ 1873 ........... . 79. fiG 

Yellowstone National Park, lower Peale ......... 1S73 ........... . SG.10 
end of upper geyser-basin. 

Yellowstone National Park, lower .... do ......... 1873 ....•........ 
geyser-basin, ncar Mutl Puffs. 

88.48 

Yellowstone National Park, round .... do ......... 1873 .... , ... .... . sa. 60 
ball from Great ]'ountain, lower 
g(\yscr-basin. 

Yellowstone National Park, brown I .... do ......... 1 1S73 ........... . 
fJpecimen from back of TwinButtes, 
lower geyser-basin. 

Yellowstone National Park, black 1- ..• do ......... I1S73 .... 1 ••••••• 

S5. S5 I 

82. so I 
specimen from ravine back of Great 

____ ..,/\.._.___--... 

10.40 0. 71 0. ® I 0. S2 I Trace 
7. 41 
8. 97 

0. 50 

4. 10 

1

. ---.A..-----
7. RS 3. 07 1. HI 0. 70 0. 92 1. 061 ...... 'I''""''·:·······:"···--~· ···· ·. 4. 79 0. 69 3. 26 0. 29 0. 11 0. 11 . . . . . . . 2. 49 . . . . . .. . . . . . . . . . . . . . . . .... . . 
5. 76 l. 04 0. IS 0. 33 0. 16 0. 19 0. 47 0. 31 ........................ ... . 
7.66 9.:o 3.72 1.74~-~---~········· . ..... ... ........... ............... ...... . 

1. ;;o 
1. 70 

3. OG 1 . ..,g 0. 17 Trace 0. 8J .................... ....... . .............. . 
~--../'----~ --~·----.. 

1L52 1.21 0.45 0.38 0.40 

1 

....... 

1 

...... . 

1 

...... . 

1 

..•.... 

1 

...... . 
J 2. ~G 1. 27 .... 0 .. I 1. 09 [· .. .. .. .. .. .. . ......................... .. 
1L.Jl 3. S7 1. 34 0. ~7 0. 42 0. 26 ................................. .. 

7. 9!) 
11. Gl 
11_. 02 

9. 30 
9. 79 
G. 25 

1. 50 
13.42 
12.20 

10.40 

9. 00 

9. 75 I 

____ _!'..., _____ ...---·---.A..-----~ 

T1:~~~i.?!~~-c-~ -~~-~:.c. !J.~c0!·e~~·~_c_e ?~~-c_e 1:::::::1: ::::: :1:::::::1:::::::1::::::: 

---{'05~ 0. 55 ------o~-s --.. 0. 461"""""1"""""1"""""1"""""1""""" 
1. 67 0. 49 0. GS 0. 23 ................................. .. 

Trace! 0. 60 1. 03 Trace 1- ...... 'l'race ..................... Trace ...... . 

T•~e~2.68 Trace Trace ------- ·------ ... . ...... Trace ..................... 
0. 4G Trace 1. 54 Trace -----·- 1. 7S ........... ------- Trace ............ ............. 
I. 9G 0. 71 0. 28 Trace Trace Trace ------- Trace ------- ------- ...... ........ 

0. SS Trace 0. lS Trace Trace Trace ............ Trace . ........... ............. ............ ______ .,/...__ __ 
1. GO 0. 95 Trace Trace Trace ------- Trace .............. .. : .... 

1. 94 I 1. 85 I Trace I Trace I o. 30 I ....... I Trace I ....... I ....... I ....... I 

aoo I 5.G41 1. 49 I 2. 13 I Trace I Trace I Trace 1 ....... I ....... I ...... . I ....... I Trace I 

r----...A..---..._ Fountain, lower geyser-hasin. 
Shoshone Lake geyser-basin, white 1· : .. do ......... 11873 ....•........ 

irregular ball. 
Shoshone Lake geyser-basin, bluish .... do . . . . . . . . . 1873 ....•.... ... . 

specimen. 

85. 75!12. oo I 2. 20 I 
76. SO 13. 00 9. 461 Trace 

0. 851 Trace I Trace I Trace 1· ..... ·1 Trace 1· ..••. '/' ..•.. 'I' ...... , 
1. SO Truce . . . . . . . Trace . . . . . . . . . . . . . . . . . • • . . . . . . . . . . ...... 

__ I 

*Ka,cl. 

100.00 
100. 00 
100. 00 
100.00 

99.81 

99.97 
100.00 
100.00 
100.17 
99.86 

99.99 
100.00 
100.00 

100.04 
9S. 41 
9S. 85 

100. 00 
100.00 
100. 52 

100.02 
97. 7G 

101.25 

99.94 

100.15 

99. 6fl 

101.05 

100.80 

101.06 
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OI-IAPTER V. 

· MADISON VALLEY GEYSER-BASINS TO G.A.LLATIN CITY, 
CHERRY CREEK MINES. 

Late in the afternoon of Augut:~.t 20 we left the upper geyser-basin 
and proceeded to the lower, where we found Captain Stevenson's party 
still encamped, Dr. Hayden having moved down the river. .As it was 
too late to follow we waited until morning, when we started at daylight, 
and joined the party just as they were about leaving camp on Gibbon's 
Fork, a branch of the 1\iadison, which joins it five miles below the 
iunction of the east fork. The rocks between these two points are all 
volcanic., trachyte-porphyries, resembling those we saw at the Grand 
Calion of the Yellowstone. In one place I noticed the same round 
geodic masses that I saw there, only here they were much larger, 
measuring as much as 6 inches in diameter. 

Some of the trachytes are laminated, and seem to have been twisted 
after having been deposited. On the left bank of the river there is a 
high bluff-wall extending from below the east fork of the Fire-Hole to 
Gibbon's Fork of the Madison. About three miles above Gibbon's Fork, 
in a gloomy gorge, is a very fine fall of about 40 feet in height. On 
reaching Gibbon's Fork I followed it up a few miles, to visit some hot 
springs which Dr. Hayden reported to me. These springs are on the 
right side of the river, in a valley about a mile in length and half a mile 
in width. The springs are situated at the foot of a ridge rising about 
1,000 feet above them. This ridge is cut by numerous ravines, the 
divides between being rounded, thus giving to the, top of the ridge the 
appearanee of a range of conical peaks. On the opposite side of the 
Madison there are vertical walls of trachyte 1,500 feet in height. The 
springs are seven in number. The largest one is in reality a small lake, 
in which the water has a temperature of 140° F. It is supplied 
by two small streams, which llavc their origin each in two small 
springs a few feet above. One of these is a pulsatiug spring, the water 
rising about a foot above the basin. The temperatures are 1350 F. 
to 150D F. A short distance to the east of this lake tllere are 
two other springs, having respecth~ely the temperatures of 100° 
F. and 122° F. The temperature of the air during these observa
tions was 61 o F. About the center of the valley there is an old 
spring-basin composed of three terraces, rising about 18 inches one 
above the otller, in much the same manner as the terraces of t.lte 
Gardiner's River springs. Here tllc springs are extinct and the 
terraces are overgrown with grass. There is considerable lime, and a 
coating of iron lines all the channels of the streams, carrying away 
the overflow of these springs. They have all doubtless passed their 
most active period. 

1\iessrs. Jackson and Coulter, with some other members of the survey 
who followed Gibbon's Fork some ten miles above its mouth, have given 
me the following nDtes in regard to a fall which they discovered: 

About eight or nine miles above the mouth of Gibbon's Fork the valley gradually 
narrows into a deep calion, the walls of l'ock rising with a steep slope on both sides 
from ncar the water's edge, leaving scarcely room enough for a rough trail. Mter fol
lowing this calion for about a mile, the slopes becoming steeper and the trail narrower, 
the rirer seems to issue from a perpendicular wall standing directly across the head 
of the calion. On reaching this precipice, however, we found that the river makes a 
sharp bend to the right, forming nearly a right angle with its former course, and just 
at the bend makes a beautiful fall of nearly 100 feet in height. This fall is very simi-
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lar to the upper fall of the Yellowstone. The stream does not leap sheer over the 
precipice in one unbroken fall, but after a few feet of perpendicular desr·•mt strikes 
upon a sloping ledge of rock and is shot out at an angle of about -!5° . Thl'· ~cene is the 
more impressive from the fact that it bursts upon the view so unexpectecllJ·. and with
out the least warning, the noise of the fall being shut off both by the interVt'ning wall· 
of rock and tho rapids, into which the river is broken below. Above the fall the river 
runs with a smooth, slow current, no rapids breaking up its course until it reaches the 
very brink of the precipice, over which it plunges into the narrow gorge below. 

Leaving Gibbon's Fork we find ourseh .. es almost immediately in the 
upper calion of the 1\iadison, which averages about half a mile in width 
and is eight miles in length. The bills on either side rise from 1,200 to 
1,500 feet above the river, those on the left side being almost vertical. 
The valley is partially timbered, and the hills also, wherever the trees 
can find a foot-hold. Near the lower end of the canon there is a fine 
exposure of colunms high up on the right-hand side. The rock is mostly 
a rough, purplish trachyte, with sanidine crystals. Emerging from the 
canon we find ourselves in a wide valley, through which the east fork 
of the l\fadison flows to join the main river. Both cut their channels in 
serpentine manner through the modern beds, which are made up of 
Pliocene sands, containing a considerable amount of obsidian, which 
gives them a dark color. The valley is partially timbered~ and must be 
nearly fifty miles in width. On the 22d we encamped near the junction 
of the east fork, just above the middle calion, where we spent two dttys 
waiting for Dr. Hayden to join us from a side-trip through Taghee 
Pass to Henry's Lake. I made a trip up the valley of the east fork 
and ascended one of tbe bills bordering it on the north. The view fi·om 
this point was one of the fairest that I have ever gazed upon. It seemed 
to unite all the elements of beauty-bill, grassy plains, and winding 
streams. Both forks of the Madison wind through the valley in a series 
of gTaceful curves. The rocks were not well exposed on this hill, but as 
far as I could judgP the dip seems to be northeast at an angle of about 
75° to 80°. Proceeding towa.rcl the river I came across limestones, the 
upper layers of which I take to be Carboniferous, although I could find 
no fossils to prov·e it. The lower layers are probably Silurian, and rest 
on chlorite-schists, which pass into mica-schists and gneisses. The angle 
of the dip of these limestones is still very great. At the head of the 
valley of the east fork there is a range of mountains that appear to be 
volcanic, and is probably part of the same range that I noticed from 
near the hot springs on Gardiner's River, which I referred to in a pre
vious chapte.r. On one of the branches of the east fork I found on 
top of the modern beds layers of trachyte, which seem to have had 
their origin in these mountains. 

On the 25th we moved camp down the river and camped in the midst 
of the middle canon. In one of the gullies at the upver end of the 
canon I found grains of glauconite in a quartzite-rock. The western 
side of tbe calion seems to be composed entirely of metamorphic rocks, 
while the eastern side has outcrops of Silurian and Carboniferous lime
stones, which at the upper end incline northeast at a high angle. 

On the 26th I visited a small side canon on the eastern side of the 
river, through which a small creek flows to join the Madison, 
a short distance above camp. It was so narrow and rocky that we were 
obliged to leave our horses at the month. The first rocks we encoun
tered were quartz-schists, followed by chlorite-schists, the strike seem
ingly at right angles to the course of the stream, the dip being south
west. The next rocks were very compact limestones, dipping under
neath the chlorite-schists. The lines of junction could not be seen, but 
they seemed to be conformable. The angle of inclination w.as.about 60°. 
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These beds I took to be Silurian, although I could find no fossils. They 
were followed by Carboniferous limestones, dipping unconformably be
neath them at an angle of 50°. This unconformability was caused, 
most likely, by tl!e force of upheaval. Tllere appears to be a complete 
inversion of the strata, which a few miles farther up the river we saw 
almost vertical, but dipping nortlleast. On the opposite side of the 
river I found quartz-schists, but they were so covered by detritus and 
the timber that very little could be determined in regard to them. I 
will refer again to the inversion of the strata further on. 

The middle canon is seYenteen miles long, and its direction from the 
upper end to the creek, where I found the inverted strata, is northwest. 
Here, however, it takes an abrupt turn toward the west, almost at right 
angles to its former direction, and is cut through chloritic and gneissic · 
rocks. 

On the 27th we camped just outside the canon, and from this point, 
in company with Messrs. Gannett, Holmes~ and Savage, I made a trip 
through Raynold's Pass to Henr.v's Lake, and thence across the divide, 
again to the valley of Red Rock Lake. The metamorphic strata still 
continued clipping southwest. At Taghee Pass, east of Henry's Lake, 
I believe they are capped with Carboniferous limestone. Raynold's 
Pass is low, only 6,911 feet in height. The ascent is very gradual, and 
it is difficult to determine exactly where the stream running into 
the IVIadison ends and that running into Henry's Lake begins. 
To the southwest of Henry's Lake l noticed in the distance a 
volcanic range. This section of country, however, will probably be 
fully treated ~f by Professor Bradley, and I therefore pass it. The 
divide between Henry's Lake and Red Rock Lake is 7,271 feet high, the 
distance between the lakes being about eight miles. On the Red Rock 
side of the divide I found in the valley of a small stream an excellent 
exposure of reddish quartz schists, the thickness of which I estimated 
at about ~,ooe feet. l am of the opinion that they rest immediately on 
the granites. They dip southwest at an angle of 200. Viewed from a 
short distance the out-crop bas the appearance of a huge staircase. 
Between Hed Rock Lake ::md the Madison Valley the formations are 
mostly moder11, mingled with igneous rocks, tl1e exact relations of 
which I bad not time to determine carefully. 

After leaving t.be middle canon, the Madison River makes another turn 
of nearly 90° toward the north, and when we reach the point a short dis
tance below, near Indian Creek, we find the limestones which we saw in 
the middle canon again making their appearance. l made several trips 
into the Madison Hauge, one above Indian Creek, one at Bear Creek, 
and a third up Jackass Creek, at the lower end of the valley. Above 
Indian Creek I found the ridges and peaks made up of mica-schists, 
which were so covered with detritus that little could be determined in 
regard to them. We had a great deal of bad weather ahout this time, 
which also interfered much with my work. Among the specimens I 
obtained are aplite, micaceous gneiss, and quartz. Bear Creek is a 
small stream, joining the Madison ot1 tbe right side, about forty-eight 
miles below the calion. The rocks at the mouth are hard blue and yel
low limestones, containing fragments of corals and crinoids. These I 
take to be either Upper Silurian or Devonian. The layers are very 
much contorted, but the dip is about west, or, perhaps, a little north of 
west; angle, 20° to 30°. These beds are followed by dark-blue Carbo
Miferous limestones, containing Strophmnena., Spirifer, Productus, and 
Or this. 

11 G S 
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Fig. 41. The entire exposure of 
limestones is about 800feet 

~ in thickness. The upper, 
(~ or rather lower, la.s·ers-

!cb for t.hey are inverted as I 
found them in the middle 

~~.~~~~\~~~~'iiill.:''f.~\}1'~' ~1- canon--are magnesian, and 
. contain in places bladed 

-~ crvstals of tremolite. The 
~ lirnestones are followed by 

, INVERTKD BEDS OF JACKASS CREEK. 

, rn 430 feet of massive quart
zites, which are at first 
white and then dark from 
the presence of iron. Be
neath the quartzites, and 
dipping in the same direc
tion at an angle of 20o, are 
altern ate layers of sandy 

·~ and calcareous shales, with 
2 interlaminated bands of 

~,.~::::::~) 8 coal-like slates, which 
break readily at right an
gles to the plane of deposi
tion. They are followed 
by greenish-gray calcare-
ous sandstones, breaking 
into lamina from ~ inch to 
2 or 3 inches in thickness. 
These contain Trigonia, Mo
diola, and other fossils, 
proving their undoubted 
Jurassic age. All of these 
rocks are conformable to 

- each other . 
.n Jackass Creek joins the 
~ Madison at the lower end 
.S of the valley, just above 
~ the lower canon. This 

creek, like the others, cuts 
deeply into the range, 
affording an ex ce II en t 
chance to get at its struc
ture. The range, however, 
is so long and so rugged, 
capped with sg mauy sharp 
peaks, that to determine 
its geology with precision 
will require the work of sev
eral seasons, and I will be 
able, therefore, to give only 
a general idea of it. Still 
I think future research 
will modify but little my 
idea and only fill in the de
tails that are wanting. 
There is no doubt but that 
it present..s one of the most 
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interesting fields of study to be found in the West. Jackass Creek 
emerges from the mountains through a caiion, the mouth of which is 
very narrow and bordered by gneisses~ which are very micaceous and 
of a black color. .As we proceed up the stream they become lighter. 
The exposure on the right bank is very fine, the bedding being con
spicuous, dipping northwest at an angle of 20° to 30°. .About a mile 
ins:de the caiion we meet first with the limestones, which seem to dip 
underneath the gneissic rocks. On the left-hand side of the caiion, 
as we go up stream, tllere are two hills, on one of which the out-crop 
is gneissic and on the other limestone. Between is a deep gully, in 
which tlle line of junction is so obscured that even with tllc most 
careful investigation it could not be determined. Just above the 
limestones we find shales and quartzites, which probably represent the 
Potsclam group. Between there is a very compact porphyritic rock, 
which I take to be an old intrusion of igneous material. The limestones 
are very compact anu l>rittle, and in layers of about 6 inches in thick
ness, dipping northwest at an angle of 30°, seemingly conformable with 
the gneisses. They are probably Silurian, and we found in them the 
fragment of a tribolite and lingulepis. Still farther up the caiion we 
find Carboniferous limestones, containing well-defined Carboniferous fos
sils, dipping northwest, conformably, with the Silurian beds. Tlleselayers 
above weather a blue color, those below yellow, and between them red. 
Then follows a porphyritic layer, resembling the one seen above the 
Silurian rocks. It is followed by what I take to be Jurassic beds . 
.Although I found no fossils here, the rocks are precisely of the same 
character as those I found in Bear Creek, which contained Trigonia, 
&c. 1'ben followed more modern beds, made up of soft, gray cal
careous sandstones and clay-slates. The lowest layer observed was 
jgneous material. The accompanying illustration, Fig. 41, corresponds 
with the following section : 

1. Igneous rock. 
2. Clay-slates. 
3. Soft, gray sandstone. Containing fragments of leaves. 
4. Green and black shales. 
5. Gray shales. 
6. Green and black shales. 
7. Quart,zite. 
8. Shales. 
~. Quartzite. 

10. Limestone. 
11. Conglomerate. 
12. Porphyritic, igneous rock. 
13. Dark-blue limestone. 
14. Reddish limestone. ~ 
15. Yellowish limestone. Spirifer, Prod~wtus, and Zaphreretis. 
16. Bluish limestone. 
17. Silurian Iimestones.-Trilobite and Lingulepis. 
18. Shaly sandstones. 
19. Porphyritic, igneous Tock. 
20. Quartzite. 
21. Gneiss. 
Toward the north the strike of thP,se rocks seems tt) bend more and 

more toward the east, and probably extend across to the Gallatin, where 
I shall refer to them again further on. 

The valley of the Madison from the middle canon to the lower canon 
is fifty miles long and averages six miles in width. It once formed 
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the bed of a lake, which was probably one arm of the la.ke t0 w :ilkh I 
have referred before as covering t~w country · 
about the Three Forks of the Missouri. and 

I I 
extending also into the valleys of the Gallatin 

· and Jefferson Rivers. Since the subsidence of 
~ the waters the gradual elevation of the country 
~ at the head of the river has caused it to earve 
~ 
~ out of these deposits a beautiful set of terraces, 
~ the most perfect I have ever seen. At the 
~ head of the valley there are four of them, tt.ll 

6 well defined. Some are capped with basalt 
c and trachyte, which is columnar above and 
'§ laminated below. Opposite Virginia City there 
~ are two, the first of which, on the west side of 
...- the river, is 53 feet in height and on the ea.st
r;..;- ern side is wanting. The top of the sec
gJ ond terrace is 243.5 feet above the level of 
~ the river on the western side and 149 feet 
~ on the eastern side. These terraces are but 
6 the remnants of what once filled up the entire 
~- Yalley, and are composed above of very soft 
-~ sandstones, containing fine grains of mica. 
a: These sandstones pass down into conglomer
~ ates. The beds are all calcareous and nearly 
A- horizontal in position. On the western side 
g3 of the Madison Valley we find granites out-
8 cropping, upon which are limestones probably 
~ from the Silurian upward. The Carboniferous 
~ beds, at any rate, are present in considerable 
0 thickness1• The underlying rocks in the valley, 
r.5 upon which the lake-deposits rest, I take to be 
~ granites. The accompanying illustration (Fig. 
~ 42) will show what I conceive to be the struc
rn ture of the country. It represents a section 
~- across the country in a westerly direction from 
<l) the east side of the Gallatin River to the west 
~ side of the Madison. The dotted lineR repre
CB sent the relation of the inverted beds, extend
-<j- ing along the entire Madison Range to the 
~ beds resting on the granites on the west side 
~ of the Madison. The force which inverted the 
~ beds of the Madison range was probably ob
~ lique in its direction. The amount of erosion 
~ since the upheaval must have been enormous. 
~ I shall refer to this section again when speak-

ing of the Gallatin Canon. 
~ When I visited Jackass Creek with Mr. 
~ Holmes and one of our packers, we left the 
~ main party on the west side of th~ river, on 
~ which side they intended to proceed down 
~ stream some distance before crossing, while 
::.f we were to go down on the east side skirting 

the lower calion as closely. as possible, and 
after visiting the Cherry Creek mines to join 
them as soon as we could overtake the:c. 

We left Jackass Creek on the morning of the 8th and proceeded to the river, 



GEOLOGICAL SURVEY OF THB TERRITORIES. 165 

which we followed until we reached the point where it enters the middle 
calion. We tht>n struck up on to tlw hills, which we found to be composed 
of granitoid rocks, mostly guei~ses. We were unable to get very near 
the canon, on account of the ruggedness of the country. We spent the 
c.lay descending into deep ravines and crossing high ridges. The country 
is very rough and we bad no trail to follow. Several times we thought 
we might be obliged to turn back. The highest point we reached had an 
elevation of 8,000 feet. This was on the divide between the Gallatin and 
the Madison, and we had a good view of the valleys of the Gallatin, 
Madison, and Jefferson, which lay spread out before us, the relatious to 
each other of the different patches of lake-deposits between the rivers be
ing beautifully sltown. In the gneisses over which we were passing, 
which dip northwest, there are numerous veins of white quartz. Inoue 
place I noticed immense masses of it containing a green mica, fuchsite 
which wns so abundant that it gave a green color to the entire mass. 
We camped late in the eveniug at the head of Pole Creek, which we mis
took for Uherry Creek. In the morning we proceeded down stream, 
hoping to reach the mines. We found tllat the gneissic 1ocks continued 
for some distance and were succeeded ·by beds of massive quartzite 
resting conformably on them. Tllese quartzites are succeeded by sand
stones, shales, and shaly limestones, above which, we find a bed of 
jasper and flint containing a beautiful \ariety of specimens. Above this 
is a bed of limestone. All of these beds are probably Lower Silurian. 
Reachiug the mouth of Pole Creek we found that it was a branch of Cher
ry Creek, and we were four miles below the mines. V\7 e then turned 
our horses' beads up stream and reached the mines about noon. We 
spent two hours examining them, during which time I obtained the follow
ing information: The mines are situated in gneissic rocks of di .;tinct 
bedding, dipping northeast. All the openings have been made on the 
side of the bill, which faces toward the south. The first discovery 
was made at the Havana lode, near the Madison River, some four 
miles northwest of the present camp, in May, 1872. Next, the Devil's 
Gate lode was discovered, 3,000 feet southeast of the Havana. In 
June the discovery was made at the present camp. There has really 
very little been done, as yet, beyond the staking of claims and the be
ginning of shafts into them. I will give the names of the various 
lodes that I visited, with various points of interest concerning them: 

Eberhardt lode.-This lode was discovered on the 5th of June, 1872. 
It is three feet in width and strikes north 750 west, dipping nc.rth 150 
east; angle, 40°. The walls are gneissic. The gangue is quartz ana 
jasper containing native silver. The assays of the ore are said to aver
age $600 per ton. There are two claims on the lode, one called the 
Eberhardt Discovery and the other the Eberhardt Extension. A shaft 
has been sunk in each to the depth of 15 feet. Not more than four or 
five tons of ore have been taken from these shafts. Several sales in 
this lode have been made since its discovery, averaging about $150 
per 100 feet. 

The Heintzleman lode was also discovered on the 5th of June, 1872. 
It is above and parallel with the Eberhardt. The strike is north 800 
west; dip, north 10° east; angle, 400; wic.lth, 3 feet. The walls are 
gneissic; the gangue is the same as in the Eberhardt, containing 
native silver and pyrites. There are two claims, and two tunnels are 
being driven into it. One has reached a depth of 25 feet and the other 
30 feet. The ore is said to average $900 to the ton, none of the assays 
ever having been less than $300; the greatest (a picked specimen) gave 
a result of $5,670 to the ton. One hundred and fift.y feet of this lode 



166 GEOLOGICAL SURVEY OF THE TERRITORIES. 

were sold for $3,500, with the agreement that a shaft was to be sunk to 
the depth of 100 feet. 

Clarke lode.-This lode was discovered June 11, 1872. The strike is 
northwest; dip, northeast; angle, 50°; width, 2~ feet. 

Alabama lode.-This lode is below the others. Strike, north 100 west; 
dip, northeast; angle, 60°. It is only a few inches in width, and at 
present there is only a small opening into it. 

Pennsylvania lode \Vas discovered June 11, 1872. This is also quite 
narrow, not exceeding a foot in width . . The strike is north 300 west; 
dip, northeast; angle, 65°. Assays are said to ;yield $54 in gold and 
$22.75 in silver. 

G. W. Rea lode is 3~ inches in width. The ore he1s never been assayed. 
Valentine lode is supposed to be . an extention of the Eberhardt. 

Very little work has been done on it yet. · 
Z. Daniel's lode.-This lode was discovered June 7, 1872. It has a 

shaft 10 feet in depth. The crevice is 2 feet in width. 'fhe strike is 
north west; dip, northeast; angle, 50o. 

Home lode.-This lode was discovered June 9, 1872, and is one of the 
richest in the district, the ore being said to have assayed $3,200 per 
ton. The strike is north 30° west; dip, northeast; angle, 480, The 
width is 3 feet. There have been two shafts sunk on it, one reaching 
10 feet in depth, the other 15 feet. The strike seems to turn to the 
southwest, and the angle decreases to 45°. A three-fourths interest in 
this lode (1,125 feet.) has been sold at $900. 

Parasol lode is above the Heintzleman, and parallel with it. It dips 
northeast at an angle of 60°. It is 4 feet in width, and has a shaft 10 
feet in depth. 

Ermna lode is above the Parasol, and parallel with it. It is 2 feet in 
width. 

New Haven lode is on top of the ridge above the Emma, and is 18 
inches in width. Other l"Odes in tllis district are the Claggett, Yankee 
Doodle, Merrimac, Davis, Silver Crown, and JJ1onarch. 

The Harper lode is opposite the Cherry Creek district, on the opposite 
side of Oberry Creek, and is in limestones instead of gneisses. It is 25 
feet wide, and the strike is nearly east and west; dip, south. It was 
discovered July 12, 1872. Tile ore is said to assay $37 in gold and $7 
in silver per ton. 

When I visited them there were fifty men working at the Cherry 
Ureek mines, their wages being $4 per day, or $75 per month with 
board. This· is the first important discovery of silver in the Territory, 
and there are no mills for the reduction of the ore at present. Whether 
the ore is in ore-beds or bedded veins cannot be determined without 
further investigation. Some of the lodes have been traced from the 
Madison River a distance of more than four miles. The country-rock 
is all gneissic, and the lodes are parallel with each other. It will be 
noticed that they are all narrow, but it is claimed that they widen as 
we descend. The metallic silver is very apparent in the ore, having the 
form of arborescent crystals. 

On the opposite side of the :Madison we find the Silver Shower district, 
contaiuing silver mines, which were discovereu about the 28th of J nne, 
1872. lt is prob::tble that they are merely extensions of the ledges we 
have described on the east side of the lYiadison, as the ore is said to be 
much the sarne and occurring in the same manner in gneissic rocks. 
The principal lodes in the Silver Shower district are the S,ilver Shower, 
the Pilgrim, the Stonewall Jackson, the Chloride, and the Cross-Key. The 
assays are said to vary from $650 to $900 per ton. Native silver is not 
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seen so abundantly as in the specimens from Cherry Creek. Specimens 
from the Stonewall .Tackson lode contain galena, which is uot seen 
at Cherry Creek. 

Leaving Cherry Creek we crossed the hills to Elk Creek, which runs 
almost parallel to Cherry Creek. On the way we passed, on top of the 
ridge, several openings, none of which were de\Teloped to any great 
extent. Heaching Elk Creek we followed it to the Madison, where we 
learned at a, ranch that the party had pasl:led down the ri ,·er the day 
previous. We camped for the night a few miles below the mouth of 
Elk Creek, and the next morning started clown the Maclison. The bluffs 
on either side of the river are made up of Pliocene marls and sanclstones, 
the remnants of the lake-cleposits. In some of the ravines, cut in these 
bluffs by the little streams, we find beautiful specimens of silicified 
wood. We reached Gallatin City at the Three Forks of the Missouri 
about noon, ancl learned that the party had camped there the night 
before and had left early in the morning on their way up the Gallatin 
River. We followed and joined them at night-fall. Above Gallatin 
City, on the north side of the river, there are several fine exposures of 
Carboniferous and Silurian rocks, the consideration of which I reserve 
for the next chapter. About four miles above Gallatin City, on the 
right-bancl side of the stage-road leading to Bozeman, I noticed buwlders 
of brown, flinty rock, resembling those I saw on Pole Creek, but was 
unable to determine whence they came. The following da:y, September 
11, we reached Fort Ellis, ancl camped on our old camp-grounds, from 
which we bad been absent almost two months. 

CHAPTER VI. 

GALLATIN VALLEY, BOZEMAN CREEK, MIDDLE CHEEK, 
MOUNT BLACKl\10HE, AND WEST GALLATIN RIVEH. 

On the 14th of September, in company with Messrs. Gannett and 
Holmes, I left Fort Ellis to ascend Mount Blackmore and investigate 
the geology of the country south of the Gallatin Valley. The ra11ge in 
which the peak is situated gives origin to the branches of the East Gal
latin, and once formecl a portion of the southern shore-line of the lake 
which extended ov~r the country about the Three Forks. Although 
the peak stands up prominently, and is in plain sight from Fort Ellis 
and Bozeman, it was difficult to determine exactly which stream would 
leacl us to its l>ase. We selected Bozeman Oreek as the one to follow, 
hoping that if it did. not lead us to the right point we would be able to 
cross tlle ridges and thus aecomplish our purpose. We camped iu the 
evening, just inside the mountains, in the calion of Bozeman Oreek, and 
the next clay pusLecl on up stream. The timber along the creek was so 
thiek that we ascendecl the hjlls, hoping to fincl traveling less difficult. 
We were obliged, however, to return to the bottom of the calion. From 
the mouth of the calion for about five miles the granites are the only 
rocks exposecl. Succeeding them are the limestones to which I referred 
in the second chapter when speaking of Mystie Lake. The hills come 
down so abruptly to the edge of the creek and the canon is so densely 
timbered that, in order to make any progresl:l at all, we were often obliged 
to wade iu the bed of the stream. On reaching l\1ystic l;ake we found 
that it would be impossible to take our animals acrosE'. the ridges whicll 
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separated us from Mount Blackmore, and that our best plan would be to 
try the next creek to the westward. So, joined by Mr. Jackson and his 
party, who had been at Mystic Lake several days photographing its fine 
scenery, we returned to the plain of the Gallatin Valley, and t4e next 
morning, skirting the edge of t.11e mountains until we reached Middle 
Creek, we entered its canon. We found the lower part of the calion 
quite open and had very easy traveling for about two miles, when it 
began to narrow, and ·the granite rocks towered high above us on both 
sides of the stream, which here rushes furiously over its rocky bed. Im
mense slides of rock extend from the cliffs above to the water's edge, 
and, with the dense pine-forest through which we were obliged to cut our 
way with the ax, rendered our progress slow and difficult.. The rocks 
are mostly gneissic, .dipping northeast at an angle of about 700. After 
five miles of this rough traveling we came out into a small open valley 
or park, bounded on either side by rather low rounded bills covered 
with sage-brush; here we camped. Shortly after getting out of the 
canon we find limestones crossing the creek, the strike being almost at 
right angles to its course. On the left bank of the creek there is a bluff 
showing a fine exposure of the layers, which I take to be Silurian, 
although no fossils could be found. They dip south of east 450 to 500. 
They are, probably, a prolongation of the layers below Mystic Lake. 
Between the two points there must be a rather abrupt turn in the strike. 
When at Mystic Lake, however, I noticed that the layers began to turn 
more and more toward the west as we followed them below the lake. A 
little farther up the valley of Middle Creek we found true Oarboniferous 
beds containing Orthis, Spirifer, Strophomena, Atrypa, and other Car
boniferous fossils. Still farther up the valle,y we find that the dip is 
reversed, and we have crossed a synclinal which is at rigbt angles to 
the course of the stream. The occurrence of volcanic outbursts at t,he 
head of the stream has thrown the sedimentary beds into some confu
sion, so it i~ difficult to reduce them to any system. On the 17th we 
camped in one of the most picturesque valleys or parks that I have ever 
seen. It, is about a quarter of a mile in length and almost oval in shape, 
bordered by a line of grand old pines. Through the center of the park 
Middle Creek flows. Back of the trees on the east side of the park, ris
i·ng to the height of over 3,000 feet above the bed of the creek, is an 
almost bluff wall of volcanic rock, the prevailing color of wbich is black, 
relieved here and there by streaks of red and green, as though it. had 
been painted. This wall is surmounted by dome and spire like points 
of rock, in whose crevices lay deep snow-banks. At some points on the 
wall we could distinguish groups of stunted pines. On tbe opposite 
side of the park is a similar wall, which has been more affected by the 
processes of weathering and presents many curious architectural fotms. 
It does not require a very vivid imagination to trace on its front the 
forms of castles and fortress -walls. At tbe head of the park the wall 
makes a slight turn to the east, and here there arc three monument-like 
piles of rock, dome-shaped masses surmounting perpendicular walls, on 
which we could see numerous waterfalls, looking like silver threads 
against the l>lack background. To the most prominent of the three we 
gave the name of Palace Butte and the otller two we called the Twin 
l3uttes. Tile park in which we were camped 've called Palace Pari{ ' 
From this point we concluded to strike out for the ascent of Mount 
Blackmore, which, although not in sight, we knew to be to the westward 
of us and not far off. The following morning we started, and, reaching 
tlw summit of the first ridge, saw t,he peak immedi,ately before us and 
separated from us by a deep ravine which we were obliged to cross. On 
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this first ridge we passed over the upturned edges of limestones, dip
ping about nortlleast, and on the opposite side of the ravine, on the side 
of the ridge which culminates in Mount Blackmore, there is also an ex
posure ot limestone, dipping in the same direction. The upper layers 
have an inclination of about 30o, while the lower ones incline only 10°. 
These limestones are capped with volcanic material, which seems at first 
to have tipped tllem up and afterward crm;hed them. Mount Black
more itself is a volcanic peak, and the nearness of the sed1meutar.v 
rocks to the center of volcanic action, which lies to the south or south
east, has aftected them to a great extent and thrown them into great 
confusion. Taking our horses to the timber-line (9,550 feet) we finished 
the ascent on foot with comparative ease. The rock of which the peak 
is composed is basaltic in its character, of black and red colors. On the 
summit it is very compact and massive, while below we find it laminated 
and somewhat porphyritic. On the way up I found excellent specimens 
of Hyalite in globular concretions, as clear as glass, coating the rocks 
and making tllem look as though coated with ice. I also found Chalce
dony and a yellow variety of opal resembling somewhat fire-opal. It 
varies in color from a honey-yellow with a greenish tinge to a brownish 
red. It is opaque; luster vitreous; hardness, 5; specific gravity, 2.172. 
Considering its physical properties it might be distinguished as a 
variety of opal between fire-opal and the ordinary semi-opal. I propose 
for it the name of Blackmorite, from its locality, Mount Blackmore. An 
analysis of it is as follows: 

Analysis. 

'I'er cent. 
Loss at 110° C...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 40 
Loss on ignition ........... .. .............. __ ... _ ................... _ .... _.. 2. 40 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 85. 20 
Iron oxide .. __ ................................. _ .......... _ . _ . . . . . . . . . . . . . 2. 6H 
Li1ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 48 
Maguesia ....................... . .....................................• _.. 0. 37 
Soda " . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 

99.53 

The view from the summit of Mount Blackmore is grand in the ex
treme. When we turn to the south we overlook an intensely rugged 
countrj' , studded with numerous sharp volcanic peaks. Quite near 
the peak tlwre is one point which looks as though it were once the center 
of volcanic action, the sloping sides bearing a striking resemblance to 
the sides of an old crater. To the north the field of vision is immense. 
The valley of the Gallatin, from its sources at our feet to the 'fhree 
Forks, lies spread ont before us, and beyond we could distinguish in the 
dim distance even the Missouri. Here we could trace the layers of 
limestone from l\Iystic Lake to :Middle Creek, thence across the 
Cottonwood, the next stream to the west, and theuce across to the West 
Gallatin. All these streams have cut their way directly across the 
strata at right angles to the strike. To the west we could see the Madi
son Range, and. on the east the snowy range of the Yellowstone. The 

._elevation of the peak above sea-level is 10,134 feet. The following 
morning we followed Middle Cret>k to its sources, and found that the 
valley aboumled in most magnificent scenery, foliage, rocks, and numer
ous water-falls aud cascades combining to form the most beautiful pic-

"By spectroscopic examination. 
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tures, and Mr. Jackson concluded to remain several days in the valley. 
We continued on our way, hoping to be able to cross the range and 
descend to the West Gallatin, where we expected to join the main party 
the next day. We reached an elevation of 9,000 feet, and found our
selves surrounded by a semicircular wall, which rose 600 feet in perpen
dicular height above us. At the base lay immense banks of snow. To 
cross was impossible, so we re-traced our steps, and on reaching the first 
open space above the canon where we had encamped three days before, 
we crossed the ridge to Cottonwood Creek, which we followed to the 
plain. vVe then proceeded along the edge of the mountains until we 
reached the mouth of the West Gailatin Canon, and, striking the trail 
of the main party, we pusiled up stream as rapidly as possible. The 
rocks at the mouth of the canon are gneisses, which dip northwest at 
an angle of about 75o, They are follo\<ved by immense beds of lime
stone, which at first, I think, dip in a southerly direction, but soon 
change to the northeast. The angle varies from 20o to 30o. They are 
the direct prolongation of the layers which we observed on Middle and 
Cotton wood Creeks, and which we also .noticed on Pole and Cherry 
Creeks when we were on our way down the Madison. The limestgnes 
are again succeeded by gneisses, probabJy the continuation of those 
through which the Madison cuts tile Lower Calion. Then follow lime
stones dipping southwest. These I believe to be the continuation of 
the layers in the Madison Range, wbich I referred to as making a turn 
toward tile cast near Jackass Creek. To the east of the Gallatin River it 
is difficult to trace them, for we find oun~elves immediately in a volcanic 
region. That there is some connection between this ridge and the lay
ers outcropping on Cinnabar Mountain is highly probable. Just above 
this last ridge of limestone we found the main party encamped. On 
tile opposite side of the river there was a high bluff wall made up of 
Cretaceous and Jurassic rocks. Our camp on tbe western side was 
upon Jurassic rocks. These seem to continue to the westward in a gen
tle slope from the Gallatin to the Madison Range. The weather became 
so snowv and unfavorable for work that I was not able to follow the 
beds to· t!Je westward, as I desired, but the section shown in Fig. 42 
which I referred to in the preceding chapter, will show what I believe 
to be the relation of the beds _exposed on the Gallatin, opposite our 
camp, to those of the Madison Range. To definitely settle their rela. 
tion, however, the western side of the Madison Range will have to be 
worked out in more detail than it has been up to the present time. The 
calion of the West Gallatin ·is so fully treated of in other portions of 
the report that I have thou , ht it best merely to refer to it. Leaving the 
Gallatin River we crossed the cliviUe to the Yellowstone River. On the 
very summit I obtained specimens of silicified wood embedded in basaltic 
rock, which is here mingled witll Tertiary sandstones, wilich have here 
been very much metamorphosed. The elevation of the divide at the point 
we crossed it is 9,317 feet. We struck the Yellowstone just below the 
second canon, and fo1lowed it down to Bottler's ranch. vVhile at this 
point I crossed the Yellowstone River and went up Emigrant Gulch, one 
of the regions in which gold-mining has been carried on to a somewhat 
limited extent. The gulch cuts into the mountain-range for some dis
tance in a general southeasterly direction. The rocks near the mouth o-& 
the gulch are chlorite schists, which dip in a northerly direction, or 
perhaps a little west of north, at an angle of 400 to 45°. These chlo
ritie rocks extend for about two miles and a half, and are followed by 
gneisses, which dip underneath them. These gneisses are probably a 
continuation of those exposed in the second canon of the Yellowstone. 
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They ex~eud for a short distance, when we find igneous rocks resting 
upon their upturned edges. These igneous rocks rise to a great height 
on either side of the gulch, and in fact form the crest of the entire 
range, as I noticed when on the summit of Emigrant Peak last year. 
The stream descends very rapidly as it flows down tlle gulcll, and there 
are numerous cascades and waterfalls in its course. At the mouth of 
the gulch there was formerly quite a large settlement, but at present 
notlling remains save the stone chimneys of Yellowstone City. As we 
ascend the creek the gulch narrows very rapidly. There are two mining
camps, one at the head of the stream, the ot.her at the mouth of the 
gulch. The mines are all placer-diggings, and at present there are only 
twenty or thirty men working here. The highest yield is $15 per day, 
the average being about $5 per day to each man. Tlwre are four claims 
worked at the lower camp and three at the upper, and since the dis
covery, in 1864, it is estimated that the gulch has yielded over $100,000. 

The chloritic rocks, which are exposed in Emigrant Gulch, extend 
along the range as fur north as the Lower Canon of the Yellowstone. 
Near the latter, in one of the smaller gulches, I obtained specimens of 
Itacolumite iu lamina a!Jout an inch in thickness and having a greenish 
color. None of the specimens were flexible. Uur next camp, after 
leaving Bottler'::;, was just above the Lower Calion of the Yellowstone. 
Here the limestones extend across the river, which cuts through them 
almost at right angles to the strike. The dip of the beds is east of north. 
They are probably the continuation of one branch of tlle anticlinal, 
which we have referred to !Jefore in Spring Calion. On the north side 
of the canon we find Jurassic layers resting immediately on thick beds 
of quartzite, which lie between them and the Carboniferous limestones. 
The inclination of the beds is about 25°. The Jurassic beds consist of 
alternate layers of calcareous clay shales, which weather blue, and hard, 
yellow limestone. They contain great quantities of fossil, among which 
are Trigonia, Ammonites, Ost·rea, and Pinna. These are succeeded !Jy 
Cretaceous sandstones, which are in turn followed by Tertiary strata, 
which are from 1,500 to 2,000 feet in thickness. After passing through 
the Lower Calion, we turned to the left and proceeded up Divide Creek, 
a small stream flowing into the Yellowstone from the western side. Its 
valley, for the most part, is a monoclinal valley, between Cretaceous and 
Tertiary strata. The Tertiary beds are composed of sandstones, which 
are generally quite soft and of a gray color. The lower la;yers are often 
quite bard, and of a somber brown color, seeming to have been some
what changed. At seyeral points I noticed the occurrence of dikes, to 
which this change may be attri!Juted. The general dip is in a northerly 
or northeasterly direction, and the angle about 350 to 400. 

Reaching the head of the stream, we crossed the diYide, and found 
ourselves at the head of the creek which flows through Spring Oaiion. 
Here we turned toward the right and crossed to Bridger Creek, which 
we followed up around tlte eastern side of the Bridger Range to Flat
Head Pass, through which we went to the Gallatin Valley. The rocks 
on the eastern side of the range at Flat-Head Pas:s are Cretaceous 
sandstones, dipping a little north of east, angle, 30o to 5oo, succeeded by 
Jurassic layers, which are for the most part covered with grass, conceal
ing them. The center of the range is made up of Carboniferous lime
stones, which are almost vertical. As we pass toward the westward, 
however, they !Jegin to dip in a westerly direction. They m·e followed by 
Silurian beds, which also dip in the same direction. The Silurian layers 
are composed of slaty limestones, pebbly conglomerate limestones, 
and compact brittle limestones, ~ontaining fragments of trilobites. 
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They are followed by ·very hard, compact, micaceous sandstones. During 
the upheaval of this range, the line of force seems at first to have been 
vertical, and tipped up the layers as we see them on the eastern side. 
Then the force seems to have acted in a liue oblique to its former (lirec
tion, and, breakmg through the Silurian and partialy through the Car
boniferous layers, carried their lower edges to the westward; so that, 
while the Cretaceous, Jurassic, and a portion of the Carboniferous 
layers dip in an easterly direction, the remainder of the Carboniferous 
and all of the Silurian beds dip toward the west. This remarkable 
occurrence is fully treated of in Dr. Hayden's report, in which there is 
also a section showing the various beds. 

From Flat-Head Pass we crossed the country in a northwesterly di
rection to the Missouri River, striking it at Horse-Shoe Bend, below the 
Three Forks. Between these two points there are a number of local 
synclinals and anticlinals. From Horse-Shoe Bend, we proceeded up 
the Missouri River to the junction of the Gallatin. About four miles 
atlove Gallatin City there is a magnificent exposure of strata on the 
east s~de of the river. The followmg section is in ascending order from 
the lowest exposure to the Jurassic beds. 

1. Micaceous sandstones, interlaminated with blue, sbaly lime
stones, weathering brownish, in bands, varying from a few 
inches to a foot or more iu thickness. The upper layers of 
the sandstone are of a steel-gray color, breaking into cubical 
blocks, that give it the appearance, from a distanee, of basalt. 
The general color of the sandstones is an olive-green. They 
contain fine grains of mica and small pebbles of quartz, 
mixed with a few opaque crystals of white feldspar. The 
rock is very bard, and has been little affected by the weather. 
It extends in high bluffs for considerable distance along the 
river. Some of the limestones contain flat, rounded concre
tions of about 6 inches in diameter and 3 inches in thickness. 
The sandstones vary in thickness from 2 to 4 feet. The gene
ral dip is northwest, inclination being 250 to 300, The thick-

Feet. 

ness of these beds is about ....... _ .. _ ... _._ .............. 1, 600 
2. Pink sandstones, above which are heavy beds of quartzite. 

The general dip is about 000 northwest. Thickness, esti-
mated at ......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 

3. Green and blackish shale's, breaking into lamina of a few inches 
thickness. Low down we find layers that are of a deep-pur
plish, red color. Short distance above these latter, we find a 
very hard calcareous sandstone, containing grains of a mine
ral resembling glauconite. In them we find also the remains 
of trilobites. A short distance above i·his layer we find sand
stones of about 3 inches thickness, interlaminated with green 
argillaceous shales, containing trilobites, Lingulepis, Cono-
eeryphe, &c. The estimated thickness of these beds is.. . . . . 300 

4. Layers of very hard limestone, breaking into lamina of an 
inch or more in thickness and containing immense quantities 
of trilobites. Thickness.................. . . . . . . . . . . . . . . 40 

5. Black, sbaly limestones, containing a small Lingula., .Acrovleta, 
and Obolellct, followed by rather thin layers of very compact, 
blue limestone. Thickness ............. _.. . . . . . . . . . . . . . . 50 

6. Pebbly beds of limestone, containing trilobites, and Lingulepis. 
Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
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Feet. 
7. Reddish aud greenish calcareous shales, with interlaminated 

limestones, containing trilobites. Thickness . . . . . . . . . . . . . . 50 
8. Limestones, weathering to a brownish color, shaly in many 

places ................................... , . . . . . . . . . . . . . . 200 
9. Alternate beds of pebbly and compact limestones...... . . . . . . 200 

10. 

11. 
12. 

Thick beds of limestone in which were found Spirifer, Pro
ductus, Chonetes, Zaphrentis. The lower layers weather yellow. 
The layer in which the fossils occur is of a blue color, and 
very compact. Thickness, estimated at. . . . . . . . . . . . . . . . . . . 1, 000 
White quartzite. 
Jurassic beds. 
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For a complete list of the fossils found at this locality I refer to Pro
fessor Meek's report. 

I~ayers 10 and 11 probably represent the entire extent of the Carbon
iferous beds. No. 1 should probably be referred to the Huronian series, 
while No.2, I believe, represents the Potsdam group, or at least a por
tion of it. From No. 3 to No. 9 includes the remainder of the Silurian 
beds. The section given above was made with all the care possible in 
the limited time afforded. More extended observation will no doubt 
result in the discovery of new organic forms and the more accurate de
termination of the age of the various beds. vVe followed up the East 
Gallatin River, reaching Bozeman on the 15th of October, when the 
expedition disbanded for the season. 

Fig. 43 shows the relations of the various springs on Bear River, 
which were described in the report of 1871. These springs were de
~cribed by Fremont in 1843, and called the Beer Springs, from the 
agreeable taste of the water. 
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Near Colorado SprinffS on tho 
Fontaine qui Bomllo, Col
orado Territory. 

Do .................... . 
Do .................... . 
Do .................... . 
Do .................... . 

Gmnites ........ 00 

Feet. 
6, 529 Afternoon .... I Carbonic acid ..... I Carbonates of lime, 

soda, potassa, mag
nesia. 

2 .... do ..................... 11a.m _______ ...... c1o ... oooooooo ................. 00 .. .. 

~ ... _do .............. _ . . . . . . Suns~t .............. do . . . . . . . . . . . _ ................. __ .. . 

Mouth of Ogden Caiion, nenr 
Ogden City, Utah Territory 

Ten miles above Ogden City, I 10 
Utnb Territory, 4milesfrom 
Salt Lake. 

21 .... do. ------------~---- ---~12m ----------~------do-----------~-----------------------

~ _ .. _do __ ........... _ .. _ ... _ Sunnse . . . . . . _ .... _do .. -.............. __ ......... _. __ _ 
Syenites .... 00 .. 00 5, 000 4 p. Ill 00 .... -- _ ..... do ........... Iron and carbonates .. 

Quartzites ... _ ... _ 4, 517 Evening .... --1-- .... do ......... --1 Chloricle of sodium, 
iron , lime, and mag
nesia carbonates. 

Do .................... . 
Do ................... __ 

Twelve miles north of Brigham 
City, Utah Territory. 

Do .................... . 
Do ......... . .......... . 

Lincoln Valley, near Fort Hall, 
Idaho Territory. 

Hot Spring district, Madison 
County, Montana Tenitory. 

Do .................. . 
Gardiner's Rive!', :Mammoth 

Hot Springs. First group 
level of river. 

1~ I::: :~1~-::::: ·_:::::::I:::::::: I.~ 0 ~: ~-::::::::I::: 00

:::::::::::::::: 

Limestones, proba-~ ....... -~4 p. m ...... --~ Carbonic acid . ... -~ Chlorille of sodium 

5 I· .. ~~~- . . . . . . . . . . . . . _ . . . . . . . 9 a. m ........ _ .•.• __ .do . . . . . . . . . . . . .. ~~-~1~a~~~~~~~~: _ .. . 
1 .... tlo ----- 00

------ .. oo .... -------------- 00 ...... do ....... oo •• Chloride of sodium, 
iron, em-bonate of 
lime. 

Limestones ....... , 4, 720 I Morning; ..... , .................... , Alu.:nina,lime,carbonic 
am d. 

Syenites . . .. .. .. .. 4, 804 _ .. _do .. .. .. .. . . . . .. .. . .. .. .. .. .. .. Carbonates .......... _ 

. ... do_ ........... . 
Limestones and 

igneous rocks. 
~: ~~t 1· s · 3~~'\.- ~: :::::1- s~iph~~~i~a.--·hy:.- 'ii~~~~r~~-. --;l~~i;;~.-

drogen. magnesia, silica, car-
bonic acid. 

60 

67 
()9 
()1 
57.8 

L.!1 

136 

135 
136 

128 

132 
134 

87 

76 

124 
132 

Second group, between river 
and main springs. 

Third group, 1st terrace ..... . 
Fourth group, 2d terrace .... . 
Fifth group, 4th terrace ..... . 

21 .... do ....... ------

4 .... do ............ . 
3 .... do ........... .. 
1 .... do . ........... . 

5, 980 18 a. m ...... --~- ..... do ................. do .... ......... -~140 

6,278 8.40a.m ............ do ................. do .............. 160 
6, 304 9 a. m.. .. .. .. .. .. 00 do .... ..... 00 ..... _do • .. .. .. . .. . .. . 16~ 
6, 412 9. 25 a. m ............ do ................. do .. . .. .. .. .. . .. 152 

*Long's expedition to tho Rocky Mountains in 1819-'20, vol. 2, page 24. 
II Ap11l'ox1mate. 

t Fremont's exploring expedition, 1842-'43-'44, page 118. 
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-------- Nov. 10,1872 
.. ___ .. _ §Sept. 13, 1843 

11204 June 22, 1871 

11204 July 8,1871 

11204 July 8, 1871 
_ .. _ ... _ July 29,1872 

July 20, 1872 

70 1--------~ July 2R, 1872 
G9 .. ___ .. _ Jnly 28, 1872 
72 I .. __ .... July 28, 1872 

t Fr6mont, page 150. §Fremont, page 159. 
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::l I Date of ob-Locality. Position. ~ vation. "8 scrvatiou. ::l<::> 

t1 Q ""' 8 c ..... 
t1 I:;JJ tJJ 

~ ~ <ll <ll 
Q ~ .;:J s ,.q .... -~ p. I I:;JJ ~ 0 

~ 0 ill c s 0 p. 
0 to:: z ~ H <lj ~ 0 --------

toot 
Feet. 0 0 0 0 0 0 

Gardiner's River, sixth group, 1 Limestones and 6, 4li5 9. 30 a.m..... Sulphmeted by- Lime, iron, alumina, 152 ------ --·----- 74 -------· July 28, 1872 0 
:fifth terrace. igueou;;; rockl'l. drogeu. magnesia, silica, H 

carbonic acid. I 
Q 

Seventh group, 6th terrace ... 8 .... do···---_. _____ 6, 491 12. 30 p.m. _____ -._ .. do .. _ ... _. _. _ :::::~: ::::::::::::::I :;: 148 149 80.5 July 28. 1872 >-·------· toot Eighth group, 7tll ten·ace . _ .. 2 .... do·------·----· 6, 551 10 a. Ill ..... -_ Sulphureted hy- 150 152 72 ......... July 28, 1872 
drogen and car- w bonic acid. q Ninth group, 8th terrace .. __ . 1 . _ .. do-------·----- 6, 556 9.45 a.m .... Sulphureted hy- ...... do---·--·--····· 122 ------ -------· 72 ·------· July 28, 1872 ~ 

Tenth group, 9th terrace .. _ .. 6 .... do.-----· ______ 6, 591 10. 14 a.m .. _ .. ·--~~~8~~--- -· -- ·--. ...... do------ ..... --. 162 157 151. 17 74 July 28, 1872 ~ 
····---- tr:l Eleventh group, lOth terrace. 2 .... do,···---·-·- .. 6, 596 10.30a.m ..... ...... do ........ _ .. ------do ____ ....... __ lo2 120 141 74 ··-··-- July 28, 1872 ~ Twelfth g-roup, 11th terrace .. 3 .... do.------ ...... (i, 603 10. 35 a.m .. _ .. ...... do··-·-···--· . ..... flo·-·-·- ........ 1.)4 148 150, 66 74.5 ,J nl.v 28, 1872 

Eighteenth group, 12th ter- 8 .... do··-- ......... (i, (jtj1 12. 20 p. ill. .... ...... do.·----- .... ----·.do·----· .. _ .. _ .. 162 160 160. 75 78.5 ·····--· July 2H, 1H72 0 race 1-.:j 
Fourteenth group, 13th ter ... 141-- .. clo ....... ·----· (i, 758 11.12 a.m .. _. ...... do ......... _ ..· .... tlo ·-·--· ..... 148 ]Oil 138.-43 78 -------· July 28, 1872 
Fifteenth group, 14th terrace 14 .... do.···-·- ...... 6, 779 11-ll. 50 a.m .. Sulphurcted hv- l ...... tlo ·--------··-- 145 92 107.29 74 ·------- July 28, 1872 1-3 

dro~en anu car- I ::q 
bomc acid. trJ N oar Lower Falls of Yellow- 1 Trachytes .. _ ... __ . 6,188 Morning. ___ -- Snlphureted lJy. Iron, alumina, limo, 127 ......... ........... 70 ····-··· Aug. -,1871 

stouo River, Yellowstone drogen & carlm- mag-ne:sia, sulphur- 1-3 N:;~,tional Park. reted hydrogen. ic acid. t_-:j 
South of Mount Washburne, 8 Igneous rocks. ___ .. 8,117 7.30a.m ..... Sulphureteu hy· Sulplmr, alumina, 190 52 116.5 76 198.3 Aug. 5,1872 :::0 near it;;; base, 1st group. chogcn. iron, silica. ~ South of Mount \Va:;hburne, 4 l!!;neous rocks anu ......... 9a.m ........ ...... uo. ···-··. --. Sulthur, limo, iron, 194 140 177 78 198 Aug. 5,1872 H 

near its base, 2d group. clay. a umiua,, magnesia, ~ 
sulphuric aciu. 0 

South of Mount Washburne, 3 . ... do.·----------· ........... 9.30 a..m ..... ...... do. ______ .... . ..... tlo ·-·---. __ .... 190 185 188. 33 79 197.6 Aug. 5, 1812 ~ 
H near its oa~e, 3tl group. 

. .. . do ............. ...... do ........... ...... do···-·- ........ 
tz:.j 

East side of Y cllowstone Riv- 33 8, coo ------------·--· 190 88 134.5 ........... ---·--·· Aug. 20, 1871 ~ er, near lower falls. 
Crater llills, Ycllo"\\stone Val- 3 Igneous rocks. 7, 828 -----------·---- . ..... do··---···-·· Sulphur, silica, mag- 183.5 130 151.2 77.!i 198.2 July 27.1871 

ley, 1st group. nesia, iron, sulphur-
ic ncid. 

~~~~~ffr~;:Fui;::::::::::::::-. 2 . . . . do .......... ---- - -- 10 a.m ........ ...... do·----·-·-·· ...... do------ ....... 178 I 1641171 58 1198.2 I Aug. 11, 1872 - r:.:, ! '' :! ! :-; 1'()(_: :.. :-J.L : d --------------- ...... uo ..... ··--·. Sulphur, silica, mag- 188.5 16l 175.5 77. 5 108. ~i July ~8, 1871 
\1'.)· 

1 

nesia, lime, iron, 
alumina, snlplwric 
acid. 



Second group ................ 49 .... do····--- ----- -----··· 10a.m-l2.00m . . -- ... do .. - - .. ____ .,. _____ do . __ .... ___ . __ .,188 

I 80 157. 62 I 59 i.- ... -.. , Aug. 11, 1872 
Violet Creek, Yellowstone 11 .. _.do .. __ .... ----- Morning-----· Carbonic acid and .. ___ .do ..... _ ...... _. 198 120 1166.27 70 198. 3 Aug. 10, 1872 

Valley, near Crater Hills. sulphureted hy-

I-' Head of Violet Creek, Yellow- 12 . _ .. do .. ----- ... - · · 8, 059 12.30 p.m ..... . -- ~-~8~~-- .. --- .... ..... ; do .. __ ... __ ... _. 194 140 175. 66 72 198.1 Aug. 10, 1872 
t-.:1 stone Valley. 

7, 873 2p.m ... , .... ...... do ................. do .............. 194 68 Aug. 10, 1872 Branch ofViolet Creek, Yel- 9 .... do ............. 160 181 198.5 
Q lowstone Valle,. 

7, 756 Sulphureted l.ty- Sulphur, iron, alumi- 190 Mud Volcanoes, Yellowstone 19 Igneous rocks and ---------------· 88 147.8 48.58 198.5 Aug. 1872 
0 W Valley. clay. drogen. na, silica. 

Shore of southwest arm of 40 Shore of lake.- .... . - - ~ -- . ---- - - --. ··----···-·········· Silica,iron,alumina .. 191 115 166.5 64 ---·---- Aug. 8,1871 t?j 
Yellowstone Lake. 0 

East Fork of Madison or Fire- 9 Igneous rocks ..... 7, 098 Morning ...... . -.-- .. - ... -- .... --. Sulphur, silica ....... 199 128 179.2 70 -------- Aug. 1, 1871 ~ 
Hole River, near head. 0 

East Fork of l<'ire-Hole River, 4 ... do------· ...... -------· 8 a.m ........ ·--·---------------· Silica .... _ ... _ ..... _ . 180 164 ·-······ 64 ........... Aug. 14, 1872 Q 
H above geyser-basin. 

.... do ............. Morning . _ .... 0 Lower geyser-basin, 1st group 67 -------· ----------------·--· ------do·------------- 198 106 158 50 ............ Aug. 2,1871 >-ou East Fork of Fire-Bole 
~ River. 

Second group, Thud Springs, 17 . ... do---------·-·· 7,162 .... do ......... ------------------- ...... do·----······--· 195 171 185. 35 *63. 33 199.3 Aug. 15, 1872 00. &c. ~ Third group, near Mud Puffs. 8 Igneous rocks and 7, 357 ·-------------·· --------------- ---- Silica, alumina, iron, 196 140 175.13 55 ............ Aug. 3,1871 ~ clay. magnesia. <:l Fourth group, ravine east of 20 Igneous rods ..... ---------------· -------------------- Silica . __ ............. 196 130 15R. 2 (jQ --·----- Au _g. 3,1871 t?j 
3d group. ;.< 

Fifth group, ravine, south of 42 .... do ............. ----···· ···········----- ·······--------··-·· ...... do .............. 198 112 178 60 ·······- Aug. 3,1871 
4th group. 0 Sixth group, on Fire-Hole 95 .... do ............. ........... ...................... .......................... ...... do··---······--. 196 112 172.5 70 . .......... Aug . 4,1871 ~ River. 

Seventh group, on Fairy Fall 34 .... do------- ...... -------- ........................ ·-----··------·-···· ...... do .............. 198 106 184 70 ---·--·- Aug. 4,1871 8 Creek. 1!1 Lower geyser-basin, 8th 7 .... do ............. -------- ...................... ............................ ...... do-·-····-···--· 198 187 194.14 --··---- ·------- Aug. 15, 1872 t_:Tj 
group, back of Twin Buttes. 

Half-way SJrings, between 20 .... do __ ..... __ .... 7, 296 ..................... ........................... Silica, iron . __ ..... _ .. 196 132 184 74 . .......... Aug. 4,1871 8 lower an · upper geyser- t?j 
basins. ' ~ Upper geyser-basin, 1st 10 .... do ............. 7, 402 Afternoon .... ---------------··-·· Silica, iron, magnesia. 196 118 17:3.6 *67 199 Aug. 5,1871 ~ group, near Bee-Hive aud H 
Giantes~:~. 8 

Second group, near Castle 11 .... do ............. 7, 387 Morning ... _ . _ ...... do .............. 199 130 172. 82 58 Aug. 19, 1872 0 -------------------- -------- ~ Geyser. 
H Third group, back of Castle .. 23 .... do ....... __ .... 7, 387 4 p. m ... __ ... Sulphureted by- Silica, alumina, lron, uw 100 171.3 68 -------- Aug. 18, 1872 t?j 

drogen feebly. sulphur. 00. 
Fourth group, on northern 23 .... do ... _ ..... ____ 7, 387 ---------------- --------- ------··-· Sihca, alumina, iron, 196 118 175.13 *67 .......... Aug. 5,1871 

side of river about Grand magnEsia. 
Geyser. 

Fifth group, from above Giant 20 .... do ............. 7, 324 .......................................................... ...... do .............. 1192 

I 

150 I 167. 1 *67 1------ --I Aug. 5,1871 
and Pyramid to below 

140 1167 
Grotto. 

Sixth group, about Soda Gey- 4 .... do··----------- 7, 321 ............................................................. ...... do ..... __ ....... 184 I *67 I·-- .. -- ·J Aug. 5, 1871 i-1-ser. ~ 
*Average. ~ 
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Seventh group, opposite Soda I 19 1- ... do.---.-- .... --1 7, 331 1---- .• ......... -1------ .••••..••..... 1 .•...• do .............. I 196 
Geyser, extending up the 
river. 

Eighth group, Iron Spring 4 .... do .. . .................. Morning ......................... . ...... do ............. . 
Creek. 

184 

Third Geyser Basin of Fire- 5 .... do .... - .... ---. 7, 772 ..............•.. - .. -- --.. . . . . . . . . . . Silica ............. _ . _ . 
Hill River. 

192 

Shoshone Lake geyser-basin, 9 .... do .......... --. 7, 870 Middle of day. . . . . . . . . . . . . . . . . . . . . Silica, iron, alumina .. 
1st group, agitated springs. 

Shoshone Lake geysel'-basin, 7 .... do ......................... do ......... ---·-··············· ...... do ............. . 
2d group, quiet springs . . 

t~~::§g~)Uff~CL t! :J~ :::::· ::::. :i~~~ J~m :: ::: ::::: ::::: : ~:~~r7:;~.> 
Canon of Snake River . . . . . . . 2 Limestones . . . . . . . . . . . . . . . 3 p.m. . . . . . . . Sulphurated by- Lime and other car-

drogen. bonates. 
Below canon of Snake River.. 6 . ... do . . . . . . . . . . . . . 5, 050 11 a. m. . . . . . . . .. : . ...................... do ....... ___ . .. . 

198 

196 

198 
148 
176 
158 
194 

144 

The boiling point at the Gardiner River Springs varies from 200.9 to 199.5. 
*Avera~e. 
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102 
117 
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OJ) 
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'+-< 
0 

0 

*67 

172.251 *67 
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187.44 
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~ .s 
0 

~ 
OJ) 

.s :g 
P=l 
-
0 

198.5 

198.6 

198.6 

192.5 
130.8 
168.33 
130 

-- ... ___ , 198.6 

*58 

j Date of ob-
servation. 

Aug. 5,1871 

Aug. 5,1871 

I Aug. -,1872 

Sept. 5 & 7,'72 

Sept. 5 & 7, '72 

Sept. 5 & 7,'72 
Sept. 1872 
Sept. 1872 
Sept. 16, 1872 
Oct. 3,1872 

88 124. 33 I .•...... I. ....... I Oct. 6, 1872 
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No. 2.-CATALOGUE O:B.., MINERALS. 

Agate. (See Quartz.) 
Amethyst. (See Quartz.) 
Azurite, (blue carbonate of copper.) In Ogden Calion, Utah Territory; 

near the head of Clarke's Fork of the Yellowstone River, ]\fontana 
Territory; Little Cottonwood Calion, Utah Territory; near Virginia 
City, :Montana Territory. 

Amphibole. Tremolite in Bear Creek Calion, in Madison Range, 1\-Iontana 
Territory. Asbestus, near Henry's Lake, Idaho Territory. Horn
blende in syenites, near Ogden, Utah Territory; on the east si<le of 
the Madison River, in Middle Calion, Montana Territory; in rocks 
of the Teton Range, Idaho Territory; on the east side of Henry's 
Lake, Idaho Territory; in slates, near Virginia City, Montana Ter
ritory; in gneissic rocks, in second canon of Yellowstone, above 
Boteler's; in basaltic r~cks, near Boteler's, in Yellowstone Valley; 
In acicular crystals, in rocks on the summit of Mount Washburne, 
Yellowstone National Park. 

Asbestus. (See Amphibole.) 
Aurichalcite. Little Cottonwood Calion, Utah Territory. 
Biotite, (black mica.) Granites of Little Cottonwood Canon; in basalts 

of Emigrant Gulch, Montana Territory. 
Calamine, (silicate of zinc.) Head of Little Cottonwood Canon, Utah 

Territory. 
Calcite, (carbonate of lime.) Rlwmb-spar in blue limestones, near Ogden, 

Utab Territory; in sandstones, near Fort Ellis, Montana Territory; 
at Cinnabar Mountain and other points of the Yellowstone Valley, 
associated with agate and quartz in geodes; in geodes of agate 
from the East Fork of Yellowstone River; east side of Madison 
River, in the Middle Canon, Montana Territory; bluff, opposite the 
Hot Springs, on Gardiner's River; calion of Jackass Ure('k, in 
Madison Range, Montana Territory. Crystals, yellow, from Colorado 
Springs, Colorado Territory; Spring Canon, near Fort Ellis, Mon
tana Territory; Bridger's Peak, near Fort Ellis, Montana Territory; 
east side of Madison River, in Middle Calion, Montana Territory; 
Sawtelle's Peak~ Idaho Territory. Stalactites, from calion on east 
side of Middle Calion of Madison River, Montana Territory; from 
cave at Gardiner's River, Hot Springs, Yellowstone National Park. 

Cerrussite, (carbonate of lead.) From head of Little Cottonwood Canon, 
Utah Territory. 

Cervantite, (oxide of antimony.) From head of Little Cottonwood Canon, 
Utah Territory. 

Chalcedony. (See Quartz.) 
Chalcopyrite (copper pyrites.) Near Virginia City, Montana Territory; 

Clarke's Fork of Yellowstone River, Montana Territory. 
Chlorite. (See Ripidolite.) 
Chrysoprase. (See Quartz.) 
Coal, (Tertiary.) Near Spring Calion, Fort Ellis, Montana Territory; six 

miles above Spring Canon, in hills head of Trail Creek, Montana 
Territory; (Cretaceous,) near Cinnabar Mountain, ]\fontana Terri
tory; poor quality opposite Gardiner's .River Springs; on Hunter's 
River, near Mount Hancock, Yellowstone National.Park. 

Copper, (native.) Near Virginia City, Montana Territory. 
C1~prite, (red oxide of copper.) Near Virginia. City, Montana Territory. 
Epidote. In crystals from the Teton Range, Idaho Territory. 
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fi'eldspar, (Orthoclase.) In syenites at Ogden, Utah Territory; in granites 
at Colorauo Springs, Colorado Territory, in red masses; in granites 
throughout Idaho and l\iontana Territories. Sanidine, in trachytes, 
throughout the Yellowstone National Park and Montana and Idaho 
Territories. .Ama,zon stone, near Colorado City, Colorado Territory. 

Flint. (See Quartz.) 
Garnets. In gneissic rocks near Golden City, Colorado Territory; in 

gneiss near Ogden, Utah Territory; in second canon of the Yel
lowstone, above Boteler's, Montana Territory; in Emigrant Gulch, 
Montana Territory; ·in micaceous gneiss, on Black-Tail Deer Creek, 
near Gardiner's Hiver; Hot Springs, near lower canon of _Madison 
River, in gneiss; in gneiss on Cherry Creek, Montana Territory; 
near Henry's Lake, Idaho Territory; in rocks of the Teton Range, 
Idaho Territory. 

Galenite, (sulphide of lead,) (argentiferous.) Little Cottonwood Canon, 
Utah Territor,y; Central City, Colorado Territory; Emigrant 
Gulch, Montana Territory ; Clarke's Fork of the Yellowstone 
River·; Yellowstone National Park; Hot Springs district, Silver 
Shower district, and other mining-districts in Montana Territory. 

Geyserite. (See Opal.) 
Glauconite. East side of Madison River, in Middle Canon, :Montana 

Territory ; near Gallatin City, Montana Territory; Teton Mount
ains, Idaho T~rritory. 

Gold. Central Cit.v, Colorado Territory; Emigrant Gulch, Yellow
stone Valley, Montana Territory; near Virginia City, Montana 
Territory; Hot Springs district, Madison County, l\1ontana Terri
tory; Upper waters of Snake River, Idaho Territory; near Taylor's 
Bridge, Idaho Territory. 

Graphite. Twelve miles north of Ogden, Utah Territory. 
G;ypsum, (sulphate of lime.) Colorado Springs, Colorado Territory. 

Selenite, Colorado Springs, Colorado Territory ; opposite Hot 
Springs, at Gardiner's River, Yellowstone National Park; in old 
hot-spring deposits, opposite Tower Creek, on Yellowstone River; 
Yellowstone National Park; in Grand Canon of Snake River, 
Idaho Territory. Satin-spar, Colorado Springs, Colorado Territory. 

Halite, (common salt.) In springs -on Turbid Lake, near Yellowstone 
Lake, Yellowstone Natwnal Park; Great Salt Lake, Utah, in fine 
crystalsco~ting wood; in springs in Idaho Territory; springs above 
Ogden, Utall Territory. 

Hematite, (oxide of iron,) (micaceous.) Near Ogden, Utah Territory; near 
Brigham City, Utah Territory; near Madison Canon, Montana Ter
ritory. Iron-stone, Emigrant Gulch, Montana Territory. 

Hornblende. (See Amphibole.) 
Jasper. (See Quartz.) 
Limonite, (sesquioxide of iron.) Little Cottonwood Canon, Utah Terri

tory; near Fort Ellis, Montana Territory. 
Lithomarge . . Little Cottonwood Canon, Utah Territory. 
Magnetite, (magnetic-iron ore.) In gneissic rock, near Golden City, Colo

rado Territory; in gneisses near Ogden, Utah Territory. 
Malachite, (green carbonate of copper.) Upper end of Ogden Canon, 

near Ogden City, Utak Territory; near Virginia City, Montana 
Territory; Clarke's Fork of Yellowstone River, Montana Territory. 

Massicot (lead-ocher.) Little Cottonwood Canon, Utah Territory 
Muscovite, (common mica.) Near second canon of Yellowstone; near 

Black-Tail Deer Creek, Montana Territory; Teton Mountains, Idaho 
Territory; (var., Fuchsite,) from east side of Madison Canon, Mon
tana Territory. 
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Nephelite. In trachytes in Grand Canon of Snake River, Idaho Territory. 
Obsidian, (volcanic glaes.) On Trail Creek, near Yellowstone Valley; 

in chips throughout the Yellowstone Valley, from tlle lower calion 
to Yellowstone Lake. Spherulitic, from Grand Calion of Yellowstone 
River. Porphy1·itic, from Grand Canon of the Yellowstone; divide 
between Yellowstone and Madison Rivers; Yellowstone National 
Park; east side of Snake River, Idaho Territory; in basin of Henry's 
Lake, Idaho Territory; head of Falls River, Idaho Territory; Lewis·s 
Lake, Wyoming Territory; valley of 1\fadison River, 1Ylontaua ~rerri
tory; West Gallatin Calion, 1\fontana Territory; near Missouri River, 
below Horseshoe Bend, Montana Territory. 

Olivine. In basalts in Yellowstone VaHey, opposite Boteler's Ranch, 
Montana Territory; in basalts on Snake River and Henry's Fork, 
Idaho Territory. 

Opal. East Fork of Yel1owstone River, Grand Canon of Yellowstone; 
summit of Mount Blackmore, Montana Territory; Colorado Springs, 
Colorado Territor.v. Hydrophane, Grand Calion of Yellowstone. 
Wood-opal, East Fork of Yellowstone River, near Gallatin Cit.y, 
Montana Territory; Jefferson County, Montana Territory. Dendritie, 
Hot Springs district, Montana Territory. Hyalite, Grand Canon of 
Yellowstone H,iver. Excellent specimens; clear, in colorless globu
lar concretions, from summit of Mount Blackmore, Montana Terri
tory; near Jackson's Lake, Wyoming Territory. Geyserite, (siliceous 
sinter,) geyser-basins of Fire-Irole River, presenting white, gray, 
greenisll, pink, and red varieties, massive, porous, filamentous, corn
pact, cauliflower-like, beaded, or pearly. The specimens vary from 
translucent to opaque, some being very friable while others are firm; 
even on drying; Hot Springs, on southwest arm of Yellowstone 
Lake; geyser-basin of Shoshone Lake, Yellowstone National Park. 

Plasma. (See Quartz.) 
Prase. (See Quartz.) 
Pummice. Emigrant Gulch, Montana Territory. 
Pyrite, (iron pyrites.) With galena, Central City, Colorado Territory; 

with serpentine and hematite, near Ogdell, Utah Territory; in 
quartzite, in Emigrant Gulch, 1\fontana Territory; Clarke's Fork of 
Yellowstone River, Montana Territory. Pentagonal dodecahedral 
crystals, from Teton Mountains, Idaho Territory; Little Cotton
wood Canon, Utah Territory. 

Quartz. In granites throughout Rocky l\fountains. Rock-crystal, Og
den, Utah Territory; in geodes, with chalcedony aml c.aleite, from 
East Fork of Yellowstone River; from Sawtelle's Peak, near Henry's 
Lake, Idaho Territory; in granites of Teton 1\fountains, Idaho 'Ter
ritory; eli vide betwee,n Hoss Fork and .Fort Ball, Idaho Territory. 
Amethystine (amesthyst,) from the Colorado divide south of Den\er, 
Colorado Territory; fine crystals in large geodes of chalcedony 
from East Fork of Yellowstone River, about ten miles abo\e the 
junction of the Yellowstone. The specimens are found on tlle sum
mit of a bold hill on the south side of the river. Blue, near sec
ond canon of the Yellowstone. Smoky ( cairngorm stone,) Colorado 
di-vide, Colorado Territory. 1lfilky, near second canon of Yellow
stone; Ea~t Fork of YellowstoneRiver. Chalcedony, Spring Canon, 
near Fort Ellis, Montana Territory; in chips throughout the Yel
lowstone Valley ; in geodes with calcite and quartz, above second 
canon in Yellowstone Valley; associated with jasper from Elk Creek, 
near Yellowstone River, Montana Territory; forming the outside of 
geodes from East Fork of Yellowstone RiYer; also associated with 
calcite at same locality, from Grand Calion of Yellowstone River; 
in rounded pebbles on shores of Y cllowstone Lake; from summit of 
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Mount Blackmore, l\iontana Territory; beautiful blue specimens 
with jasper, in Hot Spring district, Montana 'rerritory; from Jack
son's Lake, Wyoming Territory. Carnelian, from Grand Canon 
of Yellowstone. Chrysoprase, East Fork of Yellowstone River. 
Prase, E.1st Fork of Yellowstone Lake, Montana Territory; Wil
low Canon, Utah Territory; near lower cafion of Madison River, 
l\Iontana Territory. Agate, banded, near Fort Ellis, Montana Ter
ritory; in Yellowstone Valley, above second canon; East Fork of 
Yellowstone River, near Elk Creek, Yellowstone Valley, Colorado 
Springs, Colorado Territory. Mochastone (moss-agate,) near Boteler's 
ranch, Yellowstone Valley, Montana Territory. Flint, (bluish 
variety,) in valley of Yellowstone; West Gallatin River; (brown va
riety,) Pole Creek near Madison River, Montana Territory; (black 
variety,) East Fork of Yellowstone River. Jasper, (red variety,) in 
conglomerates, near Ogden, Utah Territory; near Fort Ellis, Mon
tana Territory ; Yellowstone Valley, Montana Territory; back of 

, Bote,ler's ranch, Montana Territory; East Fork of Yellowstone 
River; near Elk Creek, Montana Territory ; east side of Middle 
Canon of l\iadison River; (yellow variety,) Bridger Peak, near Fort 
Ellis, Montana Territory; East Fork of Yellowstone River; (gray 
variety,) East Fork of Yellowstone; (green variety,) East Fork of 
Yellowstone Biver; near Horseshoe Bend of Missouri River, below 
Gallatin City, Montaua Territory; ou Henry's Fork of Snake River; 
(black variety,) East Fork of Yellowstone River. Silicified wovd, 
abundant throughout the valleys of Yellowstoue, .:Madison, and Gal
latin Rivers, and on the Yellowstone National Park. ltacolumite, 
(common inflexible variety,) near Mount Cowan, Yellowstone Valley. 

Ripidolite. In metamorphic rocks, near Ogden, Utah Territory; east 
side of Middle Canon of Madison River, Montana Territory; near 
Henry's Lake, Idaho Territory; Teton Mountains, Idaho Territory. 

Sanidine. (See Feldspar.) 
Satin-spar. (See Gypsum.) 
Selenite. (See Gypsum.) 
Serpentine. Near Ogden, Utah Territory; in Snowy Range of Yellow

stone; divide between Madison and Gallatin Rivers; Alder Gulch, 
near Virginia City, Montana Territory; Canon Creek, a branch of 
Teton River, Idaho Territory. 

Silicified wood. (See Quartz.) 
Silver, (Native.) Cherry Creek mines, 1\Iadison County, Montana Terri

tory; in galena, from Little Cottonwood Canon; Clarke's Fork mines. 
Sphalerite, (zinc bleud.) Little Cottonwood Calion, Utah Territory. 
Strontianite, (carbonate of strontia.) Sawtelle's 'Peak, near Henry's . 

Lake, Idaho Territory. 
Sulphur. In crystals, at Gardiner River Hot Springs; on bluffs op

posite Tower Falls; in Mud Springs, near Mount Washbume, in 
small crystals; Crater Hills, Yellowstone Valley; gesser-basin of 
Fire-Hole Hiver; Shoshone Lake geyser-basin; on divide between 
Yellowstone and Fire-Hole Rivers. 

Talc. Near Ogden, Utah Territory; in Snowy Range o~ Yellowstone, 
1viontana Territory; near Henry's Lake, Idaho Territory; Teton 
1\fountains, Idaho Territory. 

Tremolite. (See Amphibole.) 
Tufa, (Calcareous.) At Hot Springs, Gardiner's River; Warm Springs, 

near Fort Hall, Idaho Territory ; Grand Canon of Snake River, 
Idaho Territory. 

Wulfenite. Little Cottonwood Canon, Utah Territory. 
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No. 3.-CATAI-"OGUE OF ROOKS. 

Catalogue of 1·ocks collected by the Yellowstone division of the expedition, A.. C. Peale. 

No. 

1-7 
8-11 

12-14 
15-17 
18-19 
20-·26 

27 
28 
29 
30 

31-32 
33-3:5 
36-42 

43 
44 
45 
46 
47 
4tl 
49 

.50-51 
52 
53 
54 

55-56 
57 

58-59 
60 
Gl 
62 
63 

64-66 
67-68 
o9-70 

71 
72 

73-74 
75-78 

79 
80-E3 

84 
85-::!8 
89-91 

92 
93 

94-9:5 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

106-07 
108 
109 
110 
111 
112 

113-14 
115-lG 

117 
118 
119 
120 
121 
122 
123 

124-25 
126 

127-20 
130-37 
138-39 

140 
141 

Name. 

Red porphyritic granite ....... . ......... . ................ . 

ii~~~~~~;;;~;~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ :. :. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~: 
Serpentine. with quartz and chlorite ..................... . 
Chlorite-schist ........................................... . 

~u~;~zrt~~f!~~~egi~~~;;; · :·.·-·.·.·.:: :: ·.:: ::·.·-·.·.·.·.·.·.·.:: :: ·.::: :: 

tn1~~f!~~~
0

-~~~~~~
1

~~~~:::::::::::::::::::::::::::::::::::: 
Quartz, with hematite ................................. - .. 
Quartz ......... _ .... _ .................................... . 
Jasper-conglomerate ..................................... . 
Pink quartzite . .......................................... . 
WhiLe quartzite ......................................... . 
Blue limestone ........................................... . 
Mica-schist .................................... - ...... - .. . 
Syenitic gneiss .......................................... -. 
Aplite ...................................... -.··········· · 
Quartzite . . ................................... . .......... . 
Mica-schist ........................................... - .. . 
Syenitic gneiss ............................. - ............. . 

fH~~!~~l:f:~ ~~~~i~~~::::: :·:::::::: :-:·: :·:·:·:·:: ::·: ::::::::: 
Porphyry . ..................... . ...................... . . _. 
.... do .................................................... . 
Quartzite, with pyritPs ............................. . ..... . 
H ematite ................................................ . 
Granite, (white) ....... . ........ . ..................... . .. . 
Mica-schist . ..................... .. . . .. -...... -..... - ..... . 

g~)a~i:Ar~e ·li~e~to~~-::::::::::::::::::::::::::::::::::::: 
~:~~ri~l~~~~ds~~~:~::::::::::::: .· .·::::: :::::::: :::: :: ::: 
Purple quartzitic sandstone .............. . ............... . 
White quartzitic sandstone .............................. . 
Argillaceous sandstone, (metamorphosed) ................ . 

~;~!~1f!~~fo~~~~~~~~-:·.·.·.·.·.:: :::::::::::::::::::::::::: 
Calcareous sandstone shale ............................... . 

~~:Js~a;~rld~~hsss::cfsst~~:_ :::::::::::::::::::::::::::::::: 
Gray fossiliferous sandstone, (calcareous) ................ . 
Coarse brown limestone .................................. . 
Compact limestone ....................................... . 

6':~~!~e~~;r!~~3;t"o·~~: .·:::::::::::::::::::::::::::::::: ::: 
White quartzite ......................................... . 

~fin1~~o1~~~~~~c;:t"e"::: :::: ::::::: :::::: :::::::::: :: ::::: . 
i!e~{~~ 1l~~~zl;~~ ·.·. ·. ·.·.:::::::: ::::::::::: :·. ·. :·. :::::::::::: 
White 9.uartzite ........... _ ............................. . 
Yellowish calcareous sandstone ......................... .. 
Reddish sandstone .......................... . - ..... . .... .. 
Purple sandstone .................... . ..... - . . ........... . 
Pink sandstone, calcareous ......... . ..................... . 

~~~~~~~;~ft~ej. sa~~lst~;;~ .-::::::: ~:: ~:: ~:::::::::::::::::: 
Brick-red sandstone, (compact) .... _ ...................... . 
Purple sandstone, (compact) ............................ .. 

~~~~1~~~~~~~~~~-:::::::::::::::::::::::::::::::: ~::: ~:::: 
Arenaceous limestone ..................... . . - ... -........ . 
Carboniferous limestone ................................. -
Gray sandstone, (Eocene) ................................ . 
Soft, gray sandstone, (calcareous) ......................... . 
Gray sandstone .......................................... . 

~~!~Y~~~-~~~~~~~~ -(~~~~~~~ ~:::::::::::: ::::::: ~:::::: ::::: 
Sandstone conglomerate, (Pliocene) ................... -.. . 
Volcanic breccia . ....................................... .. 
Limestone, (Carboniferous) .............................. . 
White calcareous sandstone .............................. . 
Red limestone ........... .. ....................... .. ...... . 

Locality. 

Ute Pass, Colorado. 
Near Colorado City, Colorado. 

Do. 
Do. 
Do. 

Ogden, Utah. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Near North Ogden, Utah. 
Bingham Canon, Utah. 

Do . 
Do. 
Do. 

Little Cottonwood Canon, Utah. 
Do. 
Do. 
Do. 
Do. 

X ear Helena, Montana. 
Spring Canon, near Ft. Ellis, Mont. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Above Spring Canon. 
Ne::tr Fort Ellis, Montana. 

Do. 
Do. 
Do. 
Do. 

Mystic Lake, near Fort Ellis, Mont. 
Do. 

Near Fort Ellis, Montana. 
Do. 
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No. 

142-46 
147-48 

149 
150 
151 
152 

153-54 
155 

156-57 
158 
159 
160 
161 

162-63 
164 
165 

166 
167 
168 
169 
170 

171 

172 
173-74 

175 
176-77 

178 
179 

180 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

191-92 
193 
194 
195 
196 

197-98 
199 
200 
201 
202 
203 

204-13 
214 

215 
216-18 

219 

220 
22L 
222 
223 
224 
225 
226 

227 
228 
229 
230 
231 

232 
233 
2~4 
235 
236 
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Catalogue of rocks collected, .fc.-Continued. 

Name. 

Gray sandstone, (Cretaceous) ............................ . 
Hard, greBnish sandstone, (Cretaceous) ... . .............. . 

~f~~g~~;~:~d~t~t~~~- :::::::::::::::: : :::::: ::: ::: : : ::: : : : 
Basalt ..................... - - - - . -.-.-. - -. - - - -- -- - - -. --- - - -
Volcanic breccia ......................................... . 
Trachyte ......................... -- -.. -.--- . --- -- .. - . - -- . 

~~la1t.t!ith ~-li:;i~~ ~::::::::::::: ~: ~:::::::::::::::::::: ~ -_ 
Basalt-tuff .. --- .......................................... . 
Dlabase .... -- -----·- ----· ..... -- · -- -····· ···- ·- · ·- · ------
Bl1e slate ............. ....... -- ................. -- .. - .... . 
Trachyte ..................... ................... ........ . 
Soft sandstone, (Cretaceous) ........................... - .. 
Clay slate, (Cret,aceous) ....... · .......................... .. 
Marl . ......... ........................................... . 

:3andstone, (Te.rtiary) ........•••.•........................ 
Quartzite, (Cretaceous) ................................. .. 
Sandstone, (Cretaceous) ................................. . 

~~i~~~!~~~~is~r_a_~~~~~:::::::::::::::::::::::::::::::::: 
Limestone, (Carboniferous) ............... : .. . ........... . 

Brown sandstone metamorphosed, (Tertiary) ............. . 
Trachyte-breccia ........................................ . 

&~~~~r~.::::::::::::::: :::::::::::::::: :::::::::: : : :::::: 
White rhyolitic ..................... · ............... . .... .. 
Volcanic sandstone ...................................... . 

Gray sandstone .................. ............. .......... .. 

~~~~~~~~~~ ~-~~~~~ : ~: ~: ~: :::::::::::: ·. ·_ -_:::::::::::: :: : : : : : 
'l'rachytic sandstone ..................................... . 
Obsidian porphyry, (black) .............................. . 
Obsidian porphyry, (brown) ............................. . 
Obsidian porphyry, (perlite-like) ..................... ... . 

§~G~~Jlm~c o~~~~~~~n:::::::::::::::::::::::::::::::::::::: 
Ves~cular trachyte-porphyry ......................... __ .. . 
Wh1te trachyte-porphyry ............................... .. 
Rhyolite .......... ................................... - ... -. 
Jasper .................. _ ........... _ .... _ ............. _ .. 
Perlite-like trachyte-porphyry ...................... _ .. __ . 
Green and brown jasper ................................. .. 
Cavernous trachyte-porphyry ............................ . 
Common trachyte-porphyry ............................. .. 
White trachyte .................................... _ ..... . 
Vesicular trachyte ...................................... .. 
Porphyritic trachyte.......................... . ...... . .. . 
Obsidtan porphyry ...................................... .. 
Vesicular trachyte ... _ ................. _ ................. . 
A.rgillo-trachyte porphyry .................... _ ... __ ... __ . 
Hot-spring deposit ................................. _ ..... . 

~~:~~~~i~ctoungt~~-~r-~~~ _-_-_·::.·.-:.'.'.'.".'.'.'.'.'::: :::::::: _-: ::::: 
Vesicular trachyte ...................................... .. 

Brown obsidian sandstone ............................... :. 
Black obsidian sandstone ............................ _ ... _. 
Pnrplish volcanic conglomerate ..................... _ ... _. 
Red volcanic conglomerate ............................. _ .. 
White trachyte ............. _ ... _ .......... _ ... _ ........ _. 

a~~~~li~~ ~~~~~l~le·.·:: ::::::::::::::::::::::::::::::::::: 

~h;~~h~e- :~-~~~:'~!::::::::::::::::::::::::::::::::::::::: 
Cavernous trachyte, (porphyritic) .. _ ...... ... _ .... _ ...... . 
Vesicular trachyte-porphyry ........................... _ .. 
Siliceous limestone .................... _ .... _ ......... _ ... . 

Quartzite ................................................ . 
Gray calcareous sandstone, (J' urassic) . _ ............ _ ..... . 
White arenaceous limestone ...........•.................. 
Blue limestone, (Carboniferous) ..... _ .. _ ........... _ .... . 
J aspery limestone-conglomerate ............. __ .... _ ..... . 

Locality. 

Bridger Peak, near Fort Ellis. 
Do. 

Head of Middle Creek, Montana. 
Do. 

Valley of Yellowstone River. 
Near 'Boteler's, Montana. 

Do. 
Do. 
Do. 
Do. 

Cinnabar Mountain, Montana. 
Do. 

Electric Peak, Yellowstone Valley. 
Do. 
Do. 

Valley of Yellowstone River, near 
Boteler's. 

Bluff opposite Gardiner's River. 
Do. 
Do. 
Do. 

Mouth of Black-Tail Deer Creek, 
Montana. 

Near mouth of Black-Tail Deer 
Creek, Montana. 

Near Elk Creek, Montana. 
Do. 
Do. 
Do. 

East Fork of Yellowstone River. 
Ne:.w Tower Creek, Yello,vstone 

Valley, Montana. 
Near junction of East Fork of Yel

lowstone, Montana. 
Do. 
Do. 

:Near Grand Canon of Yellowstone. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Grand Canon ofYellowstoneRiver. 
Do. 
Do. 
Do. 
Do. 

Violet Creek, valley of the Yellow
stone. 

Crater Hills, Yellowstone Valley. 
Do. 

Near Mud Volcanoes, Yellowstone 
Valle.v. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Fire-Hole Basins, Yellowstone Na
tional Park. 

Upper Canon of Madison River. 
Do. 
Do. 
Do. 

East side of Madison River, near 
Middle Canon. 

Do. 
Do. 
Do. 
Do. 
Do. 
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Catalogue of 1·ocks collected, g·c.-Continued. 

No. I Name. 

237 Pebbly limestone, (Silurian) ............................. . 

238 
239 
240 
241 
242 
243 
244 
245 

2<{6-47 
248 
249 
250 

251 
252 
253 
254 
255 
256 

257-58 
259 
260 
261 
262 
263 

265 
2G6 
267 
268 
269 
270 
271 
272 
273 
275 
276 
277 
278 
279 
280 
281 
282 
283 

284 
285 

286-87 
2!:18 
289 
2!JO 

291-9~ 
293 
294 
295 
296 
297 
298 
299 
::100 
301 
30~ 
303 
304 

305-06 
307 

308 
309-10 

311 
312-13 
314-15 

~f~~~:~~~~t:s:::::::::::::::::::::::::::::::::::::::: ~: 
Mica-schist .......................................• . ...... 
Limestone, (Quebec) .................................... . 
Quartr.ite .................................... ........ .. . 
Glauconitic quartzite .................................... . 
Red calcareous sandstone ............. .... ........ ....... . 
Chlorite-schist ........................................... . 
Talcose-schist ........................................... . 
Qnarlz-sciJist .......... ....................... ........... . 
White quartz ............ ................................ . 

l'l-1ica-schist .............................................. . 
Gneiss ................................................... . 
Micaceous gneiss ........................................ . 
Trachyte ... ....... .............. ........ .... ............ . 
Slaty trachyte ................................. .......... . 

g~~f~~~~ _t_r~-c-~~~~~: _-: ::::::::::::::::::::::: ~:: ::::::::::: 
Red quartzite ........................................... . 
MagneRian limestone, (Carboniferous) ................... . 
Blue limestone, (Carboniferous) .......................... . 
Calcareous sandstone .................................... . 
Garnetiferous gnmss .................................... .. 

~~;~JJ:~;;;t-;:_:r::_:_::un_~--U~UU: 
Flint . ......... . ... ...................................... . 
Basalt, (black) ........................................... . 
Basalt, (red) ............................................ . 
Gabbro .................................................. . 
Dwrite ... ............................................... . 
Brown sandstone, (Cretaceous) ........................... . 
Gray sand:> tone, (Cretaceous) ........................... .. 
Blue limestone, (Carboniferous) .......................... . 
Crystalline limestone, (CarbonU'erous) .................. . 
Oolitic limestone, (Carboniferous) ........................ . 
Brown fossiliferous limestone, (Jurassic) ................. . 
Volcanic conglomerate ................................... . 

Metamorphosed sandstone, (Tertiary) ..•..•.............. 
Amygdaloid ...........................•.......... . ...... . 

Chlorite-schist ........................................... . 
Gneiss ................................................... . 
Dolerite ........ .............................. ........... . 
Basalt .... ............................................... . 
Ba11alt-tuff .... . .......................................... . 

~~f!1!{~{:f~~~~l!.r~~~~ ~-:-.~::-:-:-: ~ ~:::: ::::::::::::: ~:: ::::: ~ 
Quartz . ..................... . ............................ . 
Itacolumite, (common) ......... _ ....................... .. 
Gneiss . .. ..................................... .... ...... . 
Cl!loritic schist ......................................... .. 
Brown sandstone, (Tertiary) ............................. . 
Blue slaty limestone, (Carboniferous) .................... . 
Slaty limestone, (Silurian) .............................. . 
Pebbly limestone, (Silurian) ............................. . 
Coarse fosstliferous limestone, (Silurian) ................. . 
Micaceous sandstone .................................... . 
Chlorite-rock ............ .............................. . . 

Basalt . .................................................. . 
Brown-clay slate, (Silurian) .............................. . 
S:tndstoun ................ ....... . ........ .............. . 
Blue ::tr.[:illaceous slate .................................. .. 
Trap, (from dike in Jurassic) ............................. . 

316 Trap, (from dike in Carboniferous) ....................... . 
3171 Pebbly limestone, (Silul'ian) ............................. . 

318 Glauconitic limeRtone, (Silurian) ......................... . 
319 I Hard-brown sandstone, (Silurian) ..............•.....•.... 

Locality. 

East side of Madison River, near 
Middle Canon. 

Do. 
Do. 
Do. 
Do. 

East side Middle Canon of Madison. 
Do. 
Do. 
Do. 
Do. 

Near Red Rock Lake, Montana. 
Do. 

Wedge Peak, east side Madison 
River. 

Do. 
Do. 
Do. 

Valley of Madison River. 
Do. 
Do. 

Madison Range. 
Do. 

Bear Creek, Madison Range. 
Do. 
Do. 

West side Lower Canon of Madison 
River. 

Do. 
Do. 
Do. 
Do. 
Do. 

Jackass Creek, Montana. 
Pole Creek, Montana. 
Mount Blackmore, Montana. 

Do. 
West. Gallatin Canon, Montana. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Divide between West Gallatin and 
Yellowstone River. 

Do. 
Valley of Yellowstone, abovo Bote

ler's. 
Emigrant Gulch, Montana. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

'Near Boteler's, Yellowstone Valley. 
Mt, Cowan, Yellowstone Valley. 

Do. 
Do. 
Do. 

Divide Croek, Montana. 
]flathead Pass, Montana. 

Do. 
Do. 
Do. 
Do. 

Near Tiorseshoe Bend, Missouri 
River, Montana. 

Do. 
Do. 
Do. 
Do. 

Missouri River, below Gallatin 
City, Montana. 

Do. 
Near Gallatin River, above Gallatin 

City, Montana. 
Do. 
Do. 
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Catalogue of 1·ocks collected, <f'c.-Continued. 

No. 

320 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 

Name. 

Blue slaty limestone, (Silurian) .......................... . 

Green chloritic slates, (Silurian) ......................... . 
Purple calcareous sandstone ............................. . 
Glauconitic sandstone, (calcaroeous) ....................... . 
Purplish sandstone ..................................... .. 
Pink quartzite .......................................... .. 

~~ec11~~:rsth~~-t~~~~: :::::::::::::::::::::::::::::::::::::: 
Micaceous sandstone, (fine-grained) ...................... . 
Micaceous sandstone, (pebbly) ........................... . 
Blue argillaceous slate, (calcareous) ........... . ....... .. . . 
Brownish argillaceoul:! slate, (calcareous) ................. . 
Trap-rock, (dike in Jurassic) ............................. . 

Locality. 

Near Gallatin .River, above Gallatin 
City, Montana. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Rocks collected by the Snake River division of the expedition, P1·ofessm· F. H. Bradley a'ltd 
W. R. Taggart. 

No. 

1 
2 

3-9 
10 
11 

12-14 
15-17 

18 
19-20 
21-22 

23 
24 

25-26 
27 
28 
29 
30 
31 
32 

33-35 
36 

37-38 
39 

40 

41-42 

43-44 
4:5-46 

47-48 
49 

50-51 
52-64 

65 
66 
67 

68-69 
70 

71-77 

78 
79 

80-81 
82 
83 

Name. 

Hematite ................................................ . 
Oolitic limestone, (Tertiary) ............................. . 
Fossiliferous limestone, (Quebec group) .................. . 

g~:~ ~'~~:h;~~~·- ~~~~-~~~~-:!:: :::::::::::::::::::::::::::::: 
Cellular trachyte .................... ..... ............... . 
.Basalt ... ...... ..................... · .................... . 
Rose-colored trachytic tufa ............................. .. 
Basalt ................................................... . 
Trachytic tufa .... ........ ............ .............. ..... . 

~~:;~Jt\e;~~~-~~~~·:.::::::::::::::: ~:::::::::::::: -_:::::::: 
Conglomerate-limestone, (Quebec group) ................. . 

~\~;~~~i~ic(~~<Y:t'o~~~~~-~).:: :::::::::: :~: :::::::::::::::: 
Trap-rock ..... ........................................... . 
Slaty trachyte .......................................... .. 

~~=~h;1fct~~1-~!_t_~::::::: ~::::::: :: ~ ~:: ~::: ::::::::::::::: 
Basalt ................................................... . 
Micaceous quartzite, (Potsdam) ... .............. ......... . 
Sanidine trachyte_ ... _ ................................... . 
Hot-spring deposit, (calcareous) ...................... . ... . 

Volcanic sandstone ..................................... .. 

Volcanic sandstone, compact, metamorphosed ... ......... . 

Volcanic sandstone, con~lomerate . ...................... .. 
Brown porphyritic obsiaian ............................. .. 

Volcanic sandstone ..................................... .. 
S::tnidine trachyte ................................. ...... . 

Trachyte _ ............................................... . 
Tu.faeeous geyserite ..................................... . 
Tufaceous sandstone ..................................... . 
Compact geyserite ................... ................... .. 
Trachyte ................................................ . 
Trachyte-porphyry . ..................................... .. 
Compact sandstone, (Tertiary) ... ..................... ... . 
Rhyolitic .. ... .............. .. ..... ............ .......... . 

White volcanic sandstone ....... ........................ .. 
Porphyritic obsidian, (black) ............................. . 
Spherulitic obsidian ...................................... . 
Rhyolitic ................................................ . 
Gray trachyte ........................................... . 

84 Brown trachyte ......................................... .. 
85 Trachyte . ............ ........ ................ ........ ... . 

~~ ~:as~~c~l;~hyte-: :::: :: :::::: :::: :: :::::: :::::: :::::: : : :: 

Locality. 

Near Brigham City, Utah. 
Bear River Bridge, Utah. 
Malade City, Utah. 

Do. 
Near Fort Hall, Idaho. 
Sand Hill Mountain, Itiaho. 
Falls River, Idaho . 

Do. 
Pierre's River, Idaho. 

Do. 
Do. 
Do. 

Teton Canon, Idaho. 
Teton Creek, Idaho. 
Teton Mountains, Idaho. 

Do. 
Bechler's River, Idaho. 

Do. 
Crater near Henry's Lake, Idaho. 
Sawtelle's Peak, Idaho. 
Tyghee Pass, Idaho. 
Upper Madison Canon, Montana. 
Gibbon's Fork of Madison River, 

Montana. 
Lower geyser-basin, Yellowstone 

NationaiPark. 
Shoshone Lake, Yellowstone Na

tional Park. 
Do. 

Near Shoshone Lake, Yellowstone 
National Park. 

Do. 
Two miles south of Shoshone Lake, 

Yellowstone National Park. 
Lewis's Lake, Wyoming. 

Do. 
Do. 
Do. 

Mt. Sheridan. 
Do. 

Hunter's River, Wyoming. 
East side canon of Union River, 

Wyoming. 
Do. 
Do. 
Do. 
Do. 

West side canon of Union River, 
Wyoming. 

Do. 
Ridge w:est of Coulter's Creek, 

Wyommg. 
Do. 
Do. 
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Rocks collectecl by the Snake River dit·ision of the expedition, g·c.-Continued. 

No. Name. Locality. 

~9 Red sandstone, (Triassic 1) • • • • • • • • • • • • • • • • • • • • • • • • . . • . • • • . Thi~d canon of Snake River, Wyo
mmg. 

90 Pink sandstone, (Carboniferons1) ......................... Opposite mouth of Union River, 

91 
92 

93-94 
95 

96-913 
99 

100 
101 

102 
103 

104-05 
106 
107 

Sandstone, (Carboniferous 7) ............................ .. 
Limestone, (Carboniferous~) ............................. •. 
\Yhito sandstone ........................................ .. 
Trachyte .............................. - - - - .. -- - - .. - .. - - - . 

a~it~~r;~~a:~b.yt~ · ~:: ~: ~ ~ ~::: : : ~ ~ ~ ~:::: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ :::: :: 
Porphyritic trachyte ................................... .. 
Sandstone, (metamorphosed) ............................. . 

Cavernous trachyte ...................................... . 

~~fi.~;f~i~. ~~~~~~~~: ::~~:~ :::::::::::::::::::::::::::: 
Sandstone .........................•...................... 

Wyoming. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Heall of Fall River, Wyoming. 
West side outlet of .Jackson's Lake, 

Wyoming. 
Do. 
Do. 
Do. 
Do. 

Mouth of Buffalo Fork of Snake 
River, Wyoming. 

108 Limestone, (laminated)...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Head of Buffalo Fork of Snake 
River, Wyoming. 

109 Green sandstone, (Pliocene)............................... RiJge east of Henry's Lake, Illnbo. 
110 Granite................................................... East side Teton Mountains, Wyo-

111 
112 
113 
114 
115 

116 
117 
118 

119-21 
122 
123 

124-26 
127 

128-33 

134 
135-36 
137-39 
140-41 
142-44 
145-48 
149-51 
152-53 
154-56 
157-60 

161 
162-63 

Micaceous gneiss ........................................ . 
Granitoid gneiss ........................................ .. 
Quartz ................................................... . 
Granite .................................................. . 
Chert, (Carboniferous) ................................... . 

Siliceous limestone, (Pliocene) ............................ . 
Calcareous sandstone ................................... .. 
Quartzitic sandstone, (Potsdam 1) •.••••••••••••••••••••••• 
Sla,t,v trachyte ......... : ................................. . 
White sandstone, (Tertiary) ............................ .. 
Limestone, (Triassic 1) .••••••••• .•••••••••••..•.••••••.... 
Red sandstone, (Triassic 7) .............................. .. 
Limestone, (Carboniferous) .............................. . 
Rhyolite .............................................. - .. . 

Slaty trachyte .........................•.................. 
\Yhite quartzitic sandstone, (Carboniferous) ............. . 
Rerl sandstone, !Tr·iassic 1) .............................. .. 
Pink trachytic tuff ....................................... . 
Compact basalt ......................................... . 
Bituminous mud-stone ................................... . 
Gypsiferous bituminous mud-stone, (fossiliferous) ........ . 

~t~~~~~~i~:i;;~~!~r~~:::::::::::::::::::::::::::::::::: 
§i~~;~~~~~ff:l~~~~. -. ·.·:.·::. :::: ~: :::::: :::: ~::: ~::::: ~ ~: ~ ~ ~ 

ming. 
Do. 
Do. 
Do. 
Do. 

North Gros Ventre Butte, Wyo-
ming. 

Do. 
Do. 
Do. 
Do. 

Gros Ventre River, Wyoming. 
Do. 
Do. 
Do. 

South Gros Ventre Butte, Wyo 
min g. 

Do. 
West side Teton Pass, WyomiL~. 

Do. 
Do. 
Do. 

Snake River Canon, Wyomin~ 
Do. 
Do. 
Do. 
Do. 
Do. 

Snake River, below mouth of Salt 
River, \Vyoming. 

164-65 Vesicular trachyte ........................................ Snake River, head of upper ba-

166-68 
1G9-70 
171-72 

17J 
174 
175 
176 

177-78 
179 
180 
181 
182 
183 

184 
185-86 
187-89 

~~~~lf~1~i:!!~:: ~ ~ ~ ~ ~:::::::::::::::::::::::::::::::: 
Compact limestone ........................... .. .......... . 
Brown quartzitic sa-.dstone .............................. . 
Semi-metamorphosed sandstone .......................... . 
Sandstone ............................................... . 
Pink siliceous limestone ................................. . 
Crinoidallimestone ...................................... . 

~~:/~~!f~~~~:~~oen~-:::::::::::::::::::::: ~::::::::::: 
Chert .................................................... . 
Purple trachyte .......................................... . 

Vesicular trachyte ....................................... . 
Limestone, !Pliocene) .........................•........... 
Limestone, (.Jurassic) .................................... . 

191-92 Glauconitic sandstone, (Quebec) ....••••••••.............. 
193 Chert, (Carboniferous) .................................. .. 
194 { 
200 S Compact limestone, (Pliocene) .........• _ ................ . 

salt-canon, Wyoming. 
Do. 

Swan Valley, Idaho. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

South side of upper basalt-canon 
Idaho. 

Do. 
Near Fort llall, Idaho. 
Lincoln Valley, near Fort Hall, 

Idaho. 
Near Fort Hall, Idaho. 
Lincoln Valley, Idaho. 

Do. 
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REPORT OF FRANK H. BRADLEY, GEOLOGIST. 

W .A.SHINGTON, D. C., April 5, 1873. 
SIR: I hand you herewith my report upon the region examined by me 

during the past season, while accompanying the Snake River division 
of your party . 

.After working for about a month at Ogden, while our outfitting was 
being completed, we followed · well-marked roads to Fort Hall, Idaho, 
and thence to Market Lake Station. Here we turned off into the almost 
unbroken wilderness, and spent some time in examining the Teton Mount
ains, from which region we passed up the valley of Henry's Fork to its 
head, and crossed by Tyghee Pass to the Upper lYiadison, which we also 
followed to its source, in Madison Lake, after stopping by the way to 
examine the geysers and hot springs of the Fire-Hole Basins. Thence 
we crossed the divide to Shoshone Lake, examined all the head-waters 
of the main Snake H,iver, and descended that stream, via Jackson's Lake 
and the Grand Calion, to its emergence into the Great Basin, reaching 
the latter at a point only a few miles from Fort Hall. 

From Ogden to Fort Hall, we were able to examine but a narrow strip 
of country ; but, beyond the latter point, frequent side trips enabled us to 
understand the general features of quite wide areas, though, at several 
points~ we were so much hurried as to neglect cm-tain small spaces, 
which are now seen to have been essential to absolute certainty regard
ing the connections of different parts of our work. Upon the whole, 
however, though much yet remains to be done by subsequent explorers 
in that region, I am satisfied that they will find but few errors in our 
results. 

I am indebted to Mr. Bechler, our chief topographer, for many distances 
and bearings, as well as for the very accurate ·map which he has now 
nearly completed, and upon which I expect to color the outcrops of the 
various formations. I am also indebted to Mr. Hering, astronomer and 
meteorologist, for the determination of most of the levels indicated in 
this report. Mr. Gannett, of your own party, has also aided me in this 
matter. As Mr. Nicholson remained at Fort Hall during our absence, 
taking hourly observations, while previous barometric comparisons of 
],ort Hall and Ogden had been made by Messrs. Gannett and Hering, 
I place much reliance on the determinations of elevations throughout 
the region examined. 

The skillful pencil of Mr. Holmes has supplied the sketches which 
accompany this report, the materials being mostly obtained from the 
photographs of Mr. Jackson, who accompanied us as far as to the Fire
Hole, and from 1\lr. Bechler's field-notes. 

Mr. Taggart acted as my assistant during most of the trip; and his 
work was satisfactory. 

I have to thank our surgeon, Dr. Curtis, for information on certain 
microscopical points, as well as for much personal kindness. 

Yours, very respectfully, 

Dr. F. V. H.A.YDEN, 

FRANK H. BRADLEY, 
Chief Assistant Geologist. 

In charge of the United States Geological Sur,vey of the Ter1·itories. 



192 GEOLOGICAL SURVEY OF THE TERRITORIES. 

CHAPTER I. 

W AHSATOH MOUNTAINS-OGDEN TO FORT HALL. 

The first installment of the party reached Ogden, Utah, which had 
been determined on as our rendezvous, upon the evening of Friday, 
May 24 ; and the work of the season was commenced on the following 
day, by the ascent of a peak of the Wahsatch Range, which stands di
rectly back of the town, and bas been called Ogden Peak. This is the 
culminating point of that block of .mountains which is separated from 
the nortberl.v and southerly continuations of the range by the canons of 
V\7eber and Ogden Rivers. No mercurial barometer was taken to the 
summit; but its height was twice measured with aneroid barometers, 
and once, roughly, with a pocket-level. The elevation was thus approx
imatel.v determined at 5,298 feet above the railroad at Ogden Station, 
or 9,638 feet above the sea-level. 

The mountain was originally pretty well covered with a tolerably 
thick growth of small-sized pine and spruce, with some cedar along the 
limestone outcrops, except on the steepest slopes, which, where not en
tirely bare of soil, had, and still have, very dense, low growths of a form 
of "Jersey tea," ( Oeanothus velutinus,) and of small "mountain mahog
any," ( Oercocarp~ts ledifolius,) mostly so depressed by the winter's snows 
as to have taken a permanent downward slope, which greatly increases 
the difficulty of the steep ascent, but often renders the descent alto
gether too easy. The timber has mostly been cut, except on the l1ighest 
parts of the mountain; and, along the small canons and lower slopes, 
the places of the pine and spruce have been taken by a small growth of 
scrub-oak (Quercus alba) and maples, (Acer glabr'ttm and A. grandiden
tatum.) This oak also abounds along most of the sml:lJl streams which 
flow from all the canons, and extends in small groves far out upon the 
terraces. I think that we may .reasonably expect these and other 
"bard woods" to increase and take the place of the pines which have so 
nearly disappeared, and which have here but very few descendants. 

Upon our first ascent of the mountain, we reached the lower edge of 
the snow, upon a spur, at about 2,000 feet below the summit, and, on · 
our return, descended to nearly the same level, in a ravine, by " sittiug 
glissad.es," over t.he soft surface. 

At the time of our arrival, the streams issuing from the canons were 
pretty full, though variable, by reason. of the daily meltings and nightly 
freezes; but, before our departure for the northward, the snow drifts 
were so greatly reduced that their flow had nearl,y ceased; and the irri
gation of t.he lower ground immediately about the town, until then 
depending on these streams, was supplied entirely from Ogd.en River, 
by a ditch starting at the mouth of Ogden Canon. This failure during 
the summer will render the cultivation of the higher terraces impossible, 
or at least extremely precarious, until ditches are run up the Ogden or 
the Weber River far enough to take water at quite a high level. 

Except along the immediate banks of the streams, these terraces are 
mostly overgrown with sage-brush, though the scrub-oaks before men
tioned also spread out over considerable areas, and there are some 
patches of almost barren sand and gravel. Along most of the mountain, 
there are only three prominent terraces, marking old lake-levels, the 
highest reaching the level of about 876 feet above the railroad, or 966 
feet above the present lake-level; but they are much more numerous 
near the mouths of the streams, where the stream-currents have dis-
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tribm:e<l their sediment, when the lake-waters were at these higher 
levels. Thirteen of these terraces were observed on a line between the 

. center of the town and the mouth of Ogden Canon, the highest of which 
was less than 400 feet above the railroad. Above this point, the foot of 
the mountain bas been swept so bare of rubbish as to show no terrace 
until we reach the highest, which was slightly outlined on the upper 
slopes. 

l\lost of the material of these terraces is entirely uncompacted, and 
the edges expose beds of drifting sand and loose gravel; but, at two or 
three levels, there are layers, a few feet in thickness, in which a cal
careous cement has more or less consolidated the gravel into still rather 
loose and porous conglomerates. 

The debris thus deposited along the base of the mountain bas so cov
ered the solid strata as to make it 
difficult to determine their exact 
positions at this low level; but the 
upper slopes show so much bare 
rock as to make the general struc
ture very evident. The beds form, 
as was stated in last year's report, 
a huge anticlinal, whose axis makes 
a small angle with the general trend 
of the range; hut it proves to be 
much more complicated than was 
then supposed. While its eastern 
slope is nearly regular, its western 
is quite irregular, including at least 
two subordinate folds, large por- .... ------,,, 
tions of which have been eroded, ·-,\. 
so that one must study closely, to 
be able to supply the missing links. 

The accompanying sketch (Fig. 
44) shows, in a general way, the ac- '---.. ... ............ 
tual and theoretical section th.rough --- .... _ -....... __ 
the range, at Ogden Peak. ··---... --.,, 

In the more northern portion of . 
this block of mountain, both of the 8 .. '',: folds of the western slope make ~ 
considerable outcrops; but their / / 
axes are so much inclined to the .- o-. / 
horizon that the bottoms of the / / 
folds rise rapidly as we go south- ::; >/ 
ward, until they pass above the ~ / / 
present surface, leaving the west- s· A ?/ / 
ern slope here entirely composed of ! ~ ; /,/' ,// ,~/ 
metamorphic rocks, in which no ~ ,:fF./ // ,./' 
continuation of these !<>articular -;. -:~ o...,... ... ,/ 
folds can be traced. The southern ; ;11"~ ,.,, ... /, ... " 
porti~n of the eastern slope was not ~. ll-~/,., 
exa.mmed; so that I cannot sa:v "' l ~;::. / ~ _/_,.. .. 
just at what point of the eastern :=.. '----"-----''------'.11""'/r,n'-'-'' -'-/-' ---~~~ 
base the unmetarnorphosed rocks disappear from it; but they certainly 
show no outcrop in the section displayed along Weber Canon. At two 
or three points, the metamorphic rocks show some slight easterly dips; 
but most of their dips are strong westerly, and the overlying beds are 
plainly unconformable. The metarnorphics are mostly hornblendic 

13 G S 
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gneisses, with some granites and occasionally chloritic and talco-mica 
schists, all more or less penetrated by quart,z-veins. One of these veins, 
near the summit, contains considerable quantities of translucent semi
crystalline masses of hematite. These veins have been opened at various 
places by prospectors; but nothing of any value has yet been reported. 
Several of these openings were examined; but a few small scattered 
crystals of pyrite were the only metallic ill(ilications seen. The so-called 
"tin-mine" was not visited. Samples of its'' ore" appeared to be merely 
massive hornblende, whose high specific gravity, due to the presence of 
iron, probably originated the idea of its metallic character. A" graphite 
mine,'' about twelve miles north of Ogden, near the Hot Springs, was ex
amined, in company with its owners, and found to be a small opening in an 
irregular quartz-vein which contains a few small flakes of graphite, but 
gives no indicat,ion of the presence of any valuable bodies of that min
eral. On the whole, it appears probable that no valuable mines will be 
found in the metamorphic rocks of this neighborhood. 

Immediately upon the metamorpbics we find about 1,500 feet of heavy
bedded quartzite, partly white, but mostly quite ferrugmous. Its lowest 
layers consist of a coarse conglomerate of large, red, gray, and white 
quartz, and jasper pebbles. The upper portions are mostly finer grained, 
with occasional streaks of very small pebbles. The lines of false bedding 
are rather irregular, but mostly face the west or southwest, indicating 
open sea in that direction at the time of their deposition. The only 
fossils found in these beds are indistinct fucoidal markings, resembling 
in general appearance the .Arthrophymts Harlani of the ~!edina sand
stone, but plainly not identical with it. From the character of the 
overlying strata, I am inclined to refer this bed to the age of the Potsdam 
sandstone. It for·ms the grand arch figured in the report for 1871. 
Just to the south of this arch, the horizontal edges of its outcrop, in the 
continuation of the axis of the arch, form a high cliff, over which the 
waters of one of the small mountain-streams falls, first in a steep cas
cade 52 feet, and then in one leap 263-in all, 315 feet-to the bottom 
of a narrow ravine. The tumbling rocks under the spray of the fall 
were covered with numerous snails, (Helix. sp.) 

These quartzites are overlaid by something over 1,000 feet of gray 
calcareous shales, without fossils so far as seen, and these by nearly 
2,000 feet of compact blue and gray dolomitic limestone, l_)artly oolitic in 
structure, partly silicious and even cherty, partly filled with irregular 
streaks and patches of ferruginous clay. In this immediate neighbor
hood, this bed of limestone is exposed only where the strata have been 
much disturbed, and it bas consequently been mostly thoroughly shiv
ered in every direction, though afterward recemented by the thin sheets 
of calcite which fill all the crevices. No fossils were found in it here
about, but a single specimen of Halysites catenulata, the characteristic 
coral of the Niagara group, was obtained by the survey, in 1871, from 
the upper part of what was supposed to be this bed, in Box-Elder 
Canon, some twenty-five miles north of Ogden. From the character 
of the rock, however, I judge that at least the larger part of the 
bed, together with tlle un<lerlying calcareous shale, belongs to the 
Quebec Group of the Lower Silurian age, which is so largely developed 
along the Malade Valley farther north. It is not impossible that here, 
as in the neighborhood of the Teton Mountains, nearly two hundred 
miles farther north, the deposition of limestone might have been con
tinuous from the Quebec epoch onward to the Niagara epoch or even 
later. 

This limestone is followed by a second heavy bed of quartzite, mostly 



GEOLOGICAL SURVEY OF THE TERRITORIES. 195 

ferruginous, from 2,000 to 2,500 feet in thickness. No fossils were seen 
in it, and I know of nothing which 
would give any grounds for judging "" as to its age. 

This is followed by probably 3,000 
feet of quite compact, mostly thin
bedded gray and drab limestone, 
largely silicious, the lower part even ~ 
cherty and somewhat geodiferous. -~ 
These beds contain a few fossils, ~ 
Zaphrentis, &c., which are plainly g 
of Carboniferous age. .g. 

These higher beds make no ap- ~
pearance upon the western slope of :~ 
this mountain-block, except in the it 
immediate neighborhood of Ogden ,; 
Canon. The crest of the mountain 8 
consists of the lower quartzites, as ~ 
sbowu in the section prm'iously _c; 

given. The upper of the two subor- ~ 

/,.,'' 
/"\/ "/'"/'\){ 

din ate folds on the western slope bas g
its eastern side much stePper than fr 
its western, and at some points al- ?. 
most pinched out. Tbe lower and. it (Jl 

more westerly one has both sides ;. a 
quite steep, and the two edges of ~ 13 
the thin plate of limestone which g.-: 
forms its central portion are fol(led ~ g " 
so closely together as to appear, at ~ ~ 
first sight, when seen from below, l:S ~ 
Il€ar the limekiln, like a single out- ~ ~ , 
crop; higher on the spur, where 3. · 
they perhaps spread a little more ~ 
than they do below, the eastern edge ;. 
bas a dip of only from 500 to 53o, l:S 
and the western one of 750, t-' 
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The following is a section of the ( 
strata as they are exposed in Ogden o 

Canon. (Fig. 45.) The two subor- -~ 
dinate folds of the western slope of -~ 
the anticlinal, having more westerly ~ 
trends than the mountain-range it- ~
self, pass under the valley before ; 
reaching Ogden Canon, and, accord- ~
ingly, are not seen in this section. ~-

' 1 

'•J f 

In ascending the stream the first g. 
grand fold of the upper limestone is s· 
so Intlch concealed by the debris as ~ 
to be unnoticed until we pass the 
second bridge and come to the 
"wedge" figured in the report of 
1871, and even then it is difficult to 
trace the outlines of the fold on the 
upper slopes. 1'he second fold, how
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ever, is very prominent, forming an immense tilted "Z" upon the 
mountain-side, a half.mile long and at least 1,000 feet high. The 
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upper bar of the "Z" dips 160 and the lower one 11° to the east
ward, while the connecting stroke has a dip of 49° in the opposite di
rection. The angles are very sharp, and the rocks, correspondingly, 
so much broken that they have yielded readily to water-action on 
the south side of the canon, known a.s Walker's Canon, which gives 
passage to a large stream supplied by the melting snows of the great 
hollows on the northeast side of Ogden Peak. Small cold springs, 
depositing calcareous tufa, were noticed along the rocky sides of this 
canon. At Dr. Cannon's, half way down Ogden Canon, a strong sulphur 
spring flows from the second quartzite on the north side of the river. 
The foot-bridge, which generally makes this accessible, had recently been 
washed away, and this stream was not fordable at the time of our visit, 
so that we could not measure its temperature. The water was said to 
be warm but drinkable. The escape of gas was strong enough to be 
noticeable as we passed along the road on the opposite side of the stream. 
Near the mouth of the canon there are two small clusters of hot springs, 
both of which are saline and ferruginous. The upper cluster, just below 
the lower bridge, and within the mouth of the canon, flow from the gran" 
ites, make but little deposit, and have a temperature of 136°. The lower 
ones, just outside the mouth of the canon, have formed a considerable 
mound of calcareous tufa, and, for that reason, are supposed to come up 
through the lower limestones, one of the folds of which should be in place 
beneath· the terrace about at this point. The thermometer used here 
was too short, and simply indicated a temperature of 1250 or higher. 
. The lower part of the canon through all its length, but especially near 
its mouth, is more or less lined~ with b.eavy beds of coarse gravel, 
thoroughly consolid.1ted by a ferruginous cement. In some places, this 
forms the bed as well as the banks of ·the stream ; but, at others, it is 
cut through, and the original well-worn rock-bottom of the eld channel 
is exposed beneath the gravel by the side of the road. It is evident 
that, when this canon was originally excavated, the Great Salt Lake 
was not far, if at all, above its present level; so that the rushing torrent 
which wore out this old rounded bottom met no .check until it bad 
passed entirely beyond the mouth of the canon. There followed a time 
when the lake filled nearly or quite to its highest terrace; and, mean
while, the Ogden River continued to bring dowri the sand and pebbles 
which it had before been accustomed to sweep out upon the lower ter
race, but now, checked by the rising lake, deposited them in the lower 
parts of its old channel, until they accumulated to a very high level, 
not yet accurately located. Again, the lake retired, and the stream 
again cut down its channel, sometimes reaching its old level and some
times not. It is evident that there were some pretty good sized cas
cades, at least, if not large falls, in the old river where it passed over 
the more solid limestones and quartzites, and wore away the softer 
underlying shales and schists. The conglomerated gravel has worn 
more evenly, though it is far from homogeneous. 

The lower bed of limestone was formerly burned in small kilns, about 
a mile above the mouth of the canon ; but the local supply of wood is 
now nearly exhausted, and the kilns are deserted. The same bed is 
used in a kiln at the mouth of Taylor's Canon, just back of Ogden, 
where it is burned with coal from Evanston, which is delivered at the 
Ogden station for $5 per ton. Hauling to the kiln, on the return trips 
of teams which haul down the lime, costs $2.66 per ton. Three tons 
burn 100 busllels of lime, which sells readily at 50 cents per bushel, 
delivered in Ogden. The kiln burns about 60 bushels per day. 

In order to examine briefly the southern continuation of this range, 
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and to get some idea as to the uniformity of character of its formations, 
I accompanied J\fes·srs. Jackson (our photographer) and Peale (mineral
ogist) to Salt Lake City and Little Cottonwood Canon, the latter being 
about. fifty miles south of Ogden. At that time, June 20, immense 
snow-drifts still remained in all the upper parts of the canon, and made 
it impossible to obtain more than a very general idea of the section. 
The outer (western) part of the canon is walled solely by the almost 
white granite, which is extensively quarried, near its mouth, for the 
Mormon temple, as well as for other uses about Salt Lake City. This 
is entirely different from anything seen near Ogden. From the strike 
of the bedding, it is evident that the line of outcrop would pass con
siderably to the eastward of the crest of the mountain, in making only 
a few miles of northing. The dip is westward, as is the case with most 
of the metamorphic rocks near Ogden. Several of the large faces of 
granite exposed in the quarry showed angular and rounded patches of 
darker material, which were evidently sections of what had been more 
or less rounded pebbles in the conglomerated mass, before its metamor
phism. Unconformably upon this granite lies a heavy mass of ferrigu
nous quartzites, whose northern continuation forms the Twin Peaks, 
said to be the highest points of the range. Upon this, apparently con
formably, lies a series of limestones, the lower part rather thin bedded, 
the upper part in heavier layers. The lowest beds could not conven
iently be visited. A short distance south of the Flagstaff mine, a small 
mass of rock was found to be full of small fossils, including some char
acteristic forms of the Sub carboniferous. A few others were found 
scattered about in such condition as to satisfv me that the whole clus
ter of mines surrounding the Emma .and the Flagstaff is in Carbonif
erous and Sub carboniferous rocks, so far as yet developed. While the 
age of the lower part of the series was not determined, yet it was evi
dent that there is nothing in the character of these beds which should 
cause us to anticipate any considerable decrease in the metallic deposits 
before reaching the underlying quartzites. At that level, however, 
they are likely to be greatly diminished, if not entirely wanting.* 

Even on the comparatively moderate slopes of the head of the valley, 
climbing is very wearisome; and the lower part of the calion is hemmed 
in by immense nearly vertical walls of granite, standing up out of steep
est slopes of deb1-·is. From these bare walls and steep slopes descend, in 
winter, the avalanches which have buried so many teamsters and others, 
and which will continue to thus destroy life and property until the 
mining companies shall unite in constructing either a covered or an ele
vated road for the transmission of ore and supplies as well as of pas
sengers. The inexhaustible supply of granite, already broken by na
ture to manageable size, would seem to make the construction of a 
covered way extremely feasible. 

The limestones which form the base of the high-terrace shoulder of 
the mountain, at the Warm Springs, just north of Salt Lake City, show 
at one point a dip of 25o S. 380 E. They apparently belong to a sub
ordinate fold of the western slope of the main anticlinal, similar to those 
already described. 

On June 24 we started from Ogden on our northward journey, and 
camped at the Hot Springs, about ten miles from that city. .After 
crossing Ogden River, about two miles below the mouth of its calion, 

*As this report is passing through the press, I :find that, in the Engint>ering and 
Mining Journal of March 11, 1873, Mr. Henry Engelman states that a second quartzite 
is in place in the Cottonwood section. The lower limestones must therefore bl3 re
ferred to the Silurian age, as at Ogden. 
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we saw the village of North Ogden, some four or five miles to the right 
of our route, at the foot of the mountain, in an angle of the lower terrace, 
at the mouth of the pass which afforded communication with Ogden 
Hole before the construction of the road through the previously impass
able calion. The mountain between this pass and the canon bas a base 
of metamorphics, a precipitous face of the lower quartzite~ an upper 
moderate slope of the calcareous shales and lower limestone, and a crest 
of the upper quartzite. In the portion trending back toward the pass. 
the shales and limestones descend somewhat, and have been weathered 
out into an immense amphitheater, reported as being very grand by Dr. 
Peale, w bo examined it. 

1 

The hot springs are located immediately at the foot of a high 
shoulder of the mountain, consisting of the upper terrace, preserved 
from wear and upheld by a mass of quartzites, shales, and limestones, 
which form the continuation of the uppermost of the subordinate folds 
on the west flank of Ogden Peak. Though the connecting portion is 
gone, so far as can be seen, yet some portions of these beds are doubt
less in place beneath the plain which stretches past North Ogden to 
near the mouth of Ogden Canon. The terrace at the hot springs ex
poses both sides of the fold very plainly; and here we find, as .on Ogden 
Peak, that the eastern side of the f(l)ld is much the steepest, and has 
been pinched out, so as to show but a thin outcrop. The portion of the 
terrace next to the mountain consists of metamorphic rocks, as does 
also far the larger part of the mountain-face. The rocks are mainly 
hornblendic gneiss and syenite, with quartz-veins. The crest of the 
mountain here consists of the second quartzite, and reaches an eleva
tion so nearly identical with that of Ogden Peak that I am in doubt 
which is the higher. 

The hot springs flow from the quartzites of , the west side of the fold 
at the end of ·the terrace, practically on the same line of crack as those 
just outside the mouth of Ogden Calion. 

Just beyond the springs, several of the high spurs of the mountain 
form very prominent pinnacles, being capped with masses of the first 
quartzite, from above which' the overlying calcareous shales, by reason 
of their softness and the easterly dip, have been readily eroded. This 
structure, as well as the general bedding before described, can be plainly 
seen by those who may pass on the cars between Ogden and Corinne. 
A fine fall leaps over this quartzite in Willow Creek Canon, opposite 
Willard City. 

As we pass northward, the mountain bears farther to the east, the 
·axis of upheaval passes out under the plain, and the quartzites and 
limestones decline from high dips to nearly level positions, the second 
quartzite passing -from the very crest to the very bottom of the mount
ain just north of Box Elder Canon, back of Brigham City, and about 
twelve miles from the hot springs. The high monoclinal dips seen by 
Dr. Hayden along this canon in 1871 probably represent the continua
tion of the axis of either the "wedge" or the '' Z" of the upper lime
stones in Ogden Canon, but show greater disturbance than was there 
experienced. For about six miles north of Brigham City, the upper 
quartzite forms the base of the mountain, but then disappears, .and the 
upper limestone alone outcrops, though a thin local bed of quartzite 
appears about the middle of its section for a short distance. At Mr. 
Barnard's place, about five miles above Brigham City, I was shown a 
fragment of galena in calcite, with some green carbonate of copper, 
from an opeJ;Jing in the limestone about a thousand feet up the mount-
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a in. The lode was said to be about four feet thick. The ore is reported 
to be rich in silver, and arrangements have since been made for working it. 

Some of the limestone along here is quite compact and furnishes 
good building-stone, which dresses well, and has been extensively used 
in this neighborhood for houses and barns, the supply being mostly 
obtained from the piles of large masses swept down along the channels 
of the small but rapid mountain-streams. While passing down this 
road, upon my return in November, I saw a dozen or more medium
sized two-story stone dwellings in process of building or just com
pleted, in as many miles, evincing a much higher degree of general 
prosperit.v and thrift than one would have expected from a view of the 
small adobe cottages previously occupied. The soil is evidently fertile, 
wherever irrigated. Stacks of wheat and corn and huge piles of pump
kins were constant features along this road at the close of the season. 

About twelve miles north of Brigham City we came to another small 
cluster of hot springs, of temperatures varying from 121 o to 1280, 
These are strongly chalybeate and saline. By the side of them is an
other cluster of springs only feebly saline, free from iron, and of much 
lower temperature, mostly about 680. Upon my return in November 
these reached 72°, but had a much smaller supply of water. The hot 
springs were also weaker, and reached 132o. Fremont reports them at 
1340 in 1843. The water of these springs supplies a long narrow pond, 
hemmed in by portions of the lower terrace upon which the road runs 
at this point. Cool springs are said to break out along this pond; but· 
we did not succeed in finding them, and so made our camp on the bank 
of Bear River, about two miles farther on. This stream is here slug
gish, having nearly reached the level of the lake, though yet some miles 
distant from it. 

Passing up the road about seven miles farther, we approached IIamp
ton's Bridge, where the stream is much more rapid. The channel of the 
river here makes a sharp turn to the eastward, passing· through the 
front range of the Wahsatch Mountains on our right, while the northern 
continuation of the valley in front of the range is occupied by a tributary 
now known only by the name of l\falade River, though sometimes 
referred to in old publications as Roseaux or Red Creek. 

The immediate channel of Bear Hiver, where it breaks through the 
mountain, ·at the point known as "The Gates," is narrow, with high 
Jlrecipitous walls of light-drab, comp~ct lunestone, partly siliceous, 
from which I could obtain no fossils; but, from Hs position, it must be 
Carboniferous. The strata show a westerly dip of about 25°, and evi
dently belong to the west side of the anticlinal upheaval, whose southern 
continuation has been mentioned as crossing Box Elder and Ogden 
Canons. The cliffs of this narrow channel reach nearlv to the level of 
the top of the second principal terrace. On the north side of "The 
Gates,'J a short distance back from the edge of this channel, there is 
another considerable break in the upper terrace, showing a second 
channel to have existed when the stream was at this level; and, as seen 
from this north side, the appearance of the surface on the south side 
indicated the probable existence of still a third old channel, along the 
line now occupied by the Utah Northern Railroad, (narrow gauge,) 
which there crosses the range into Cache Valley. At the level of the 
upper terrace, the old valley of Bear River spreads out to a width of 
about five miles. The upper terrace itself consists almost entirely of a 
grayish-white limestone, partly fine grained and compact, partly coarse 
and porous, and mostly pebbly. All of it is more or less oolitic. The 
compact layers are entirely destitute of fossils; but the more pebbly 
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portions contain very numerous individuals of a few species of fresh-
. water shells, which are sufficient to mark the bed as of late Tertiary 
(Pliocene~) age. (Dr. Curtis, of our party, afterward obtained from the 
shore at the southern end of Salt Lake specimens of oolitic sand, which 
show that this kind of calcareous deposit is still forming abundantly in 
this basin.) The beds exposed are about 200 feet thick. They show, at 
this point, a dip of' about 250 south, 680 west. As ne corresponding 
disturbance of the surface of the -terraces is apparent, it is evident that 
the upheaval antedates the Terrace epoch. The lower terraces show 
extensive deposits of coarse gravel, which is well exposed in the cuts of 
the Utah Northern Railroad, and supplies that road with an abundance 
of superior ballast. 

After crossing Bear River, the Tertiary limestones are found covering 
the entire foot of the mountain, for two or three miles, though the mount
ain itself -is still plainly composed of the older limestone, which appears 
on its summit. Then the Tertiary disappears altogether, and the upper 
quartzite rises so as to form the face of the ridge, for four or five miles. 
Then the Tertiary comes in again, in a heavy body of compact flinty 
limestones and siliceous shales, running to' the very tops of the hills, 
which are here much depressed. The strata are mainly nearly level, 
only the portion nearest the valley having a westerly dip, which at some 
points reaches 400. About nineteen miles above Hampton's Bridge, the 
mountain rises again, and the Tertiaries disappear again, exposing the 
face of the lower limestone, which has now risen so as to form the en
tire mass of the mountain. At the junction of the two series of strata, 
it is evident that the Tertiaries lie unconformably upon the older lime
stones, many layers of which are here crowded with fragments of tril
obites and other fossils, which are plainly of the age of the Quebec 
group. Among the specimens from this locality which have already 
been worked up, there are at least fifteen trilobites of the genera Oono
coryphe, Bathyurus, Dicellocephalus, .Agnostus, &c., five brachiopods, two 
gasteropods, and one pteropod. As we approach Mala de City the mount
ain becomes higher and more precipitous, a point about three miles 
south of that place being found to be about 2,500 feet above the river. 
Of this total, about 2,000 feet are exposed in the face of' the mountain, 
the terraces being mostly washed away. All the strata exposed belong 
to the Quebec Group, and consist mainly of limestones, though including 
perhaps 200 feet in all of sandstones, partly shaly, but mostly thick
bedded and quartzitic, as well as an indeterminate amount of interlam
inated greenish calcareous shales. The uppermost limestones are com
pact and full of nodules and layers of chert; the lower ones vary greatly, 
from pure compact to coarsely fragmentary, to fine-grained silicious, 
and to oolitic and coarsely concretionary forms. The colors vary from 
drab to blue, gray, buff, flesh-color~ and pale red, sometimes uniform, 
sometimes mottled and streaked. Some of the beds, of both the lime
stones and the sandstones, would make good building-stone; but these 
are rather too high in the section to be conveniently quarried on the 
face of .the mountain; though they could probably be easily reached by 
ascending some of the numerous canons which break through the range 
in this neighborhood. The fossils occur at various levels, from bottom to 
to of the section, though some portions of considerable thickness are 
entirely barren. They can be most easily obtained from the tumbled 
masses of the different beds which lie numerously along the foot of 
the mountain. As Malade City is only one day's ride, by stage, from 
Corinne, the locality ·can ea~ily be visited by collectors who may be pass
ing oyer the Central Pacific Railroad. The section should be more care-
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fully examined, so as to determine the positions of any special horizons 
which may be marked by special groups of fossils. Time did not per
mit me to make so thorough examinations of the different beds as 
such determinations would require. 

The finding of distinctively Quebec Group fossils, in such abundance 
and through so great a thickness of strata, was a matter of considera
ble interest, since this was, I believe, the first identification of this hori
zon on the western side of the Rocky Mountain divide; and, indeed, 
but few specimens from that or any other part of the Silurian, had ever 
been obtained from any part of the country west of 1\finnesota, 1\fis
souri, and Texas. .As no fossils were found in the lower limestones 
at Ogden, the age of those beds was in doubt until the identity of 
stratigraphical position and of lithological character showed that they 
must be of the same age. The first examination of these 1\falade rocks 
was made at a point where the section terminated below in a very 
quartzitic sandstone, which occupied the relative position of the Pots
dam, and was accordingly referred with doubt to that group in a letter
extract which was published in the .August number of the .American 
Journal of Science. Later examinations have shown that this was 
really a part of the true Quebec, whose base is not here exposed. 

The valley of the Malade is broad and flat; the stream itself is slug
gish and mostly deep, with steep banks and muddy bed. .At a few 
points there is rock or gravel bottom, but crossings are few. The bor
dering flats are rich, and considerable portions are well cultivated, pro
ducing heavy crops of wheat and some corn. They are well watered 
by numerous large springs, which burst up at various points, doubtless 
being supplied by subterranean streams flowing through and escaping 
from the limestones of the mountain. These are mostly pure and cold 
springs; but at one point near the stage-road, about a mile south of 
}Ialade City, there is a low mound of calcareous tufa, surrounding a 
small spring which is rather warm, but still drinkable. Only a small 
amount of land bas yet been irrigated about here. The ridge which 
forms the western boundary of the valley is lower and more rounded in 
outline than that upon the east. It was not visited, but the apparent 
structure and color of its bare slopes render it probable t.hat it also con
sists of Quebec Group rocks. 

The old route across the divide, to the Snake River Valley, passed on 
to the head of' the Malade, and thence to the left and down Bannock 
Creek. The stage-route now turns a little to the right at 1\falade City, 
and crosses to :Marsh Creek. Following it, we camped at Keeney's Sta
tion, four miles above 1\lalade City, and stopped over one day, June 28, 
to examine the neighborhood. The side valley, which the road follows, 
makes a broad break through the eastern mountain, up which the ter
races extend, and connects with a narrower valley lying between this and 
the next range. :Messrs. Taggart and Coulter accompanied Mr. Jackson 
to the summit of the mountain north of the gap, found it to be the regular 
continuation of that to the southward, and brought in a few character
istic fossils. 1\fr . .Adams accompanied me to the southward, where we 
found the back-slopes of the mountain covered with Tertiary beds, con
sisting mostJy of thin-bedded, light-drab, clinking limestones, partly 
pure, partly earthy, with some sil'icious shales. Some of these beds 
would probably make good hydraulic cement. .A few minute ostracoids 
and small, indistinct fresh- water gasteropods were the only fossils found. 
From the summit of the mountain, it became evident that these Ter
tiary beds extend up this back valley to that of Bear River, and that 
this crest formed two long, narrow islands in the old Tertiary lake. 
Tlie beds have· a slight easterly dip. 
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. The next range east was also examined in a hasty reconnaissance up 
New Canon, which opens into the valley about four miles east of Kee
ney's Station. The lower portion of the canon is walled with heavy 
beds of ferruginous quartzite, belonging with the lower beds at Ogden, 
and, like them, referred with little doubt to the Potsdam. Some small 
-excavations have been made by mining prospectors in some of the more 
thinly-bedded portions, but without any success. Their rubbish gave 
no indication of anything which should have encouraged such excava
tions. Above the quartzite lie heavy-bedded, dark-blue and ferruginous, 
impure limestones, which belong to the Quebec group; but no fossils 
were found. The dips are all easterly and reach 50°. The upper part 
of the canon is heavily timbered with pine and spruce; and residents 
of Malade City have combined to make a good wagon-road up it, for 
the purpose of more readily obtaining a supply of timber for building 
purposes and for fuel. The sharp dips of the calion are much flattened, 
a little farther south, so that in the course of a few miles the quartzite 
and the lower portion of the limestone disappear beneath the upper 
edge of the abutting Tertiaries of the valley. A canon on the east side 
of the mountain north of Keeney's Station has yielded a considerable 
amount of maple-timber, a foot or more through at the butt, and 30 to 
40 feet long. 

The small stream-valley which the stage-road follows runs over to the 
·east side of the main valley between the ridges, and leaves the.Terti
aries exposed in white banks upon the slopes of the western ridge. Mr. 
Stevenson reported having examined these for fossils without success. 

About eight miles from Malade City, we reached the divide between 
the waters of the Great Basin and those of the Columbia. The upper 
lake-terrace, which has been a marked feature of the country thus far 
upon our journey, with small exceptions, here becomes a little irregular 
.and much washed, but apparently reaches to the very summit, as if this 
might have been a point of dribbling outflow for the waters of the great 
lake when at its highest level. This is also true of the point in the 
,upper course of Bear River, where the Port Neuf most nearly ap
·proaches that stream in the same broad valley, with only remnants of 
the old terraces forming the divide between them. The level of the 
divide between the head of Marsh Creek and the Bear River drainage, 
at Red Rock Pass, as ascertained by the party of 1871, indicates that 
this was probably another point of outflow; and the divide between the 
head of the Malade and Bannock Creek may very probably have been a 
fourth, since Captain Mullan reports that as " prairie-surface of clear 
gravel formation." (See Wagon-road Report, 1863, p. 76.) Time for
bade our working out the details of these points by the way, and I can, 
th4}refore, only offer these suggestions as to ·points worthy of more de
liberate examination. Without any very accurate determinations of 
levels, I am yet inclined to believe that the terrace-levels rise somewhat 
as we pass to this northern rim of the basin, implying a moderate up
heaval of the whole country in that region, which may have taken 
place while the lake was yet full, and so have been the first means of 
separating the Great Basin from the Columbia drainage. I agree, how
ever, with those who hold that the decline of the lake from these old 
terrace-levels has been due mainly to a climatal change, which decreased· 
precipitation, but either left the evaporation constant or increased it. 
These variations in the lake-level are still going on, as is shown in the 
recorded rise of the surface for about twelve years, until, two years ago, 
it began to decline again. I have questioned, in my own mind, 
whether this latter decline does not really represent the result of dimin-
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ished rain-fall theoretically consequent upon the largely-increased con
sumption of timber in the building and since the completion of the 
Pacific Railroad. On the other hand, upon the same theory, we may 
refer the previous rise to the results of cultivation of land and planting 
of trees, and may expect that, as these increa~e, the lake will again 
begin to rise and to spread over larger areas. 

As we pass down from the l\Ialade divide into 1\Iarsh Valley, the 
Quebec Group limestone and underlying (Potsdam~) quartzite outcrop 
on our right, until the valley spreads, and they disappear beneath 
the level of the lower terrace. These terraces are very strongly marked 
through the whole length of this valley; and an upper one is readily 
identified, though not so pJ;ominent, at the level of about 1,000 feet 
above the stream. They are on too large a scale, and the valley is too 
wide, to have resulted from merely the drainage of the small area of 
mountains about the head of the stream; and I am strongly of the 
opinion that this must have been at one time the channel for a large out
flow from the Great Basin. 

Rain caused us a day's delay at Watson's ranch, (formerly Carpen
ter's,) but on the next day (July 1) we moved onward, though showers 
still continued. At Watson's, a road turns off to the upper calion of 
the Port Neuf,* through which it passes to the head-waters of that 
stream, where it meets the Soda Springs road, and then crosses the 
divide to Fort Hall. "'\Ve had proposed to follow this, but found that 
the river was still high and the fords bad, so ~that we decided to con
tinue on the stage-road. The distances by the two routes are almost 
identical. 

The face of the high terrace at Watson's consists of Quebec Group 
limestone, partly quite cherty, with abundant characteristic fossils, 
though mostly in fragmentary condition. This is overlaid by heavy 
beds of white quartzite, followed by Carboniferous limestones. The dips 
are all easterly, varying from 200 to 400, 

A short distance above the junction of 1\Iarsh Creek with the Port 
Neuf, we met with the first appe~rance of the basalt-rock which fills the 
Great Snake River Basin. It makes its first appearance as a narrow 
stream, which forms the floor of the upper calion of the Port Neuf 
through its whole length, having had its source in one of the old craters 
still standing near Soda Springs, though their fires have long been 
extinct. A short distance up the stream from the point where the 
stage-road strikes it, we found the lowest of a long series of calcareous 
spring-deposits, which form a prominent feature of the calion for several 
miles, damming the stream at numerous points, so as to make small but 
pretty waterfalls. This lower dam is about 20 feet high, but with a per
pendicular fall of only about 12 feet. In the calion, the river is some
times one side of the basalt and sometimes on the other. Where it 
strikes the wider level of the continuation of 1\farsh Valley, it bas basalt 
on both sides at first, but soon passes to the right, where it has dug out 
a channel in the upturned edges of the bordering limestones, leaving the 
basalt as a perpendicular barrier on the left, which rapidly increases in 
height as the stream descends. The ~urface of the basalt has, of course, 
some slope, corresponding with that of the valley at the time of the 
volcanic outflow; but it is here much more moderate than that of the 
present stream, which rushes along rapidly, with occasional leaps of a, 
few feet. The foot and face of the hill on the east side of the valley con-

. sist of mostly thin-bedded limestone5 of the Quebec Group, dipping 

11 So named after an old French-Canadian trapper. 
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about 200 N. 51o E., and containing a few fossils. These beds are 
overlaia by the quartzites before mentioned, w.hich here form a lofty 
mountain-crest running northward for many miles. As they show here 
great thickness and only moderate disturbance, I consider this a very 
favorable locality at which to examine them for fossil remains; but 
none were found, and the precise age of the formation is uncertain. At 
the angle of the canon, a large knob of the limestones, perhaps 500 feet 
in height, gives a fine view of the whole canon. From this point, the 
basalt appears as a high :flat-topped ridge, occupying the center of the 
valley, on .the west side of which the narrow \alley of Goose Creek has 
been hollowed out of the edges of the lower quartzites. A small stream 
also comes in from the right, and has changed its channel once or twice, 
so that a considerable knob of limestone and some small ones of basalt 
stand out in the valley ; but the streams finally cross to the left side of 
the valley, leaving the basalt entirely on the right. The road crosses 
this for some distance, passing among walls and piles of the columnar 
rock, and then descends to the lower level near Black Rock Station, 
where the basalt abruptly terminates. 

At the angle of the canon, we had turned sharply to the west, so that, 
instead of following the strike of the strata, as heretofore, we were now 
traveling directly across the edges of the outcrops. Soon after we turn, 
we meet the outcrop of the lower quartzites, upturned at various high 
angles and strongly metamorphosed. The continuation of this cross
section is confused: one anticlinal is _plain and others probably exist; 
but quartzites, limestones, calcareous schists, all highly metamorphosed, 
are exposed with various dips ; and time and mosquitoes forbade the 
working out of the details. · These, however, though of local interest, 
have no general importance, since they are not in the direct line of our 
northern connection. 

Though we encountered mosquitoes and gnats in very troublesome 
quantities at several other points on our trip, yet tlley nowhere equalled 
the mass which met us between Black Rock Station and the lower angle 
of the canon. Hundreds of thousands, at least, perished at our hands, 
as we hastened through ; and such passages are of daily occurrence at 
this season, but with no perceptible decrease in their numbers. My im
pression is that this, being a somewhat sheltered point, is a sort of gen
eral rendezvous for those of them who are tired of facing the strong 
winds which so frequently sweep over the unobstructed levels of the 
broad Snake River plain, into which the canon now opens, upon turning 
northward again, after making five or six miles of westing. 

Here, again, we encounter basalt; but it seems to belong to a lower 
layer than that we left at Black Rock. All over the great plain, indeed, 
we find two or more layers of basalt, separated b,y greater or less thick
nesses of sand and gravel, partly loose, partly consolidated by ferrugi
nous, silicious, or calcareous cement. If two layers should be found 
superimposed, at any point in the upper part of the canon, I should 
believe that they had resulted from two distinct eruptions from the 
volcanic source before mentioned. As it is, it is not impossible that 
these layers in the outer plain h.ave been ejected from some central 
source, have overflowed the plain, and so have run up into the mouths 
of the valleys opening upon it. It seems · hardly possible that, after 
:flowing seventy or eighty miles, the lava should still have retained 
sufficient fluidity to spread out in a solid layer over the plain. What
ever the source, the material had evidently become quite viscid ; for, at . 
some points, where it ran over small inequalities of the surface beneath, 
it now stands in low mounds, which would not have been the case if 
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it had been very fluid. That these mounds were not all formed by an 
undermining and sinking of the surrounding mass, to which some of 
them have very properly been referred, is p11oved by tbe tapering shape 
of the closely-fitting blocks which form the arch. But there is still 
room for study on all these points. 

As the calion opens toward the plain, white and drab friable sand
stones, probably of Pliocene age, make their appearance on the flanks 
of the bordering hills. As nothing of the kind was apparent within the 
canon, it would seem eit.her that the whole width of the calion has been 
thoroughly scoured out since the deposition of the Pliocene beds, or 
else that the stream carried so much and so rapidly-flowing water dur
ing the Pliocene epoch as to prevent the deposition of such beds. 
These sandstones dip about 30° N. 110 W., showing that the dis
turbances, of which we have such abundant evidence, continued to a 
very late period. The terraces themselves show no evidence of any 
local disturbances ; their levels were not determined, however, with 
sufficient accuracy to enable us to judge whether or not any general 
upheaval, such as bas already been suggested, might have affected this 
region. 
L~aving the Snake River plain at Ross's Fork, we followed up the 

valley of that stream some six or eight miles, and then crossed a divid
ing ridge to Lincoln Valley and Fort Hall, which post we reached about 
noon on July 3. Thus far we had followed well-traveled roads, and bad 
transported o!:r baggage and provisions in wagons ; but now we were 
soon to leave roads entirely, and accordingly turned in our wagons and 
fitted ont a train of pack-mules. During the week thus occupied, we were 
enabled to examine a considerable territory in the neighborhood of the 
P9St. 

At Ross's Fork we had struck the line of the old emigrant-road across 
tbe mountains to Oregon. This road crossed from Green River to the 
bead of Bear River, down that stream to Soda Springs, thence across 
the head of Port Neuf, and through a low gap to the head of Ross's Fork. 
Near the mouth of Ross's Fork it crossed Snake River, and thence ran 
in almost a direct line past the westernmost of the Three Buttes to the 
foot of the Salmon River Mountains. 

Lincoln Valley, as a whole, is broad and flat, with mostly gentle 
slopes rising to the crests of the bounding ridges. On the wet 
bottoms, large quantities of a coarse grass are cut for the stables at the 
post. The slopes are covered with various grasses, sedges, and other 
forage-plants, which make fine grazing for nearly the whole year. In 
this exeessively dry atmosphere, these plants, which are ripe and have 
stopped growing by midsummer, lose their moisture so rapidly as to 
escape the decay common in the damp air of the Eastern States, and so 
become natural hay while still standing, and mostly retain their nutri
tious qualities until the melting of the snow and the setting in of tlle 

. spring-rains, which start the new growth while occasioning the decay 
of the old. Here in the foot-hills, the snows sometimes lie deep enough 
to prevent the stock from reaching the standing grass, and so a supply 
of hay is essential to their wintering. Only a few miles westward, how
ever, the snows are generally so ligbt and melt so rapidly that, in an 
ordinary winter, no hay is needed; and stock range through the whole 
winter, never eyen coming to the ranches of their own accord. This 
neighborhood was formerly one of the favorite winter-rendezvous of the 
trappers and fur-traders; and the plains and foot-hills then supported 
vast herds of buffalo, as well as many antelope, deer, elk, and bears. 
The region is now so much frequented that none of these animals are 
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often seen, except when .the deep snows drive them out of the mount
ains, and the buffalo is here entirely exterminated. 

Hollows on the northern slopes, where the snow lies late in the spring, 
and so furnishes the requisite moisture, are mostly filled with little 
copses of scrubby cottonwood. The higher and more rocky parts of the 
bills, bear large numbers of stunted cedars, (Juniperus ocC'identalis.) One 
of these was seen, a half mile east of the fort, which measured 41 inches 
in diameter, while only 12 feet high, a form probably resulting from the 
great dryness of the atmosphere. Large pines are brought from the 
canons in the north slopes of 1\'lount Putnam, (formerly known as Sub
lett's Peak.) 

The spur which divides Ross's Fork from Lincoln Valley seems to be 
the final termination of the limestone ridge which formed the eastern 
boundary of :Marsh Valley and of the upper part of the ]ower calion of 
the Port Neuf, and is mainly a monoclinal ridge with strong easterly 
dips. Its culminating point is a lofty peak, now called Mount Putnam, 
standing about twelve miles south of Fort Hall. Its western base was 
not examined; but it is evident that the lower quartzite forms a large 
portion of its lower face~ followed above by from 200 to 300 feet of drab, 
thin-bedded limestone, in which no fossils were seen; then, from 100 
to 150 feet of compact, coarse, pebbly sandstone, nearly pure white; 
then several hundred feet of dark drab, pebbly limestone; evidently of 
Quebec Group age, though only fragmentary fossils could b~ found, with 
the exception of a single Ophiletct. A covered space follows, appar
ently underlaid by the continuation of the last-named limestone, and 
then comes an outcrop of about 50 feet of compact, fine-grained, white 
sandstone, overlaid by from 200 to 300 feet of a light-drab vesicular 
limestone; much resembling in texture the Niagara limestone of Indiana 
and Illinois, and probably representing either the Upper Silurian or the 
Devonian. Neither of these beds showed fossils. Immediately above 
come heavy beds of Carboniferous limestones, 300 feet or more in thick
ness. Their lowest layers include some pretty pure limestones, some of 
which are partly oolitic and contain great numbers of minute fossils, 
1;he mass looking mu~h 'like the layers of the Saint; Louis limestone at 
the famous localit.y of Spergen Hill, Indiana, except that the color is a 
dark-bluish drab. From masses collected here, over forty species of 
brachiopods, conchifers, gasteropods, pentremites, corals, and bryo
zoans have been separated, of which Mr. Meek has already identified 
fourteen with well-known Spergen Hill forms. Mr. Meek informs me 
that these are the first distinctively Spergen Hill forms yet brought 
from the Rocky Mountains. It will be remembered that a few allied 
forms from Little Cottonwood Canon, Utah, have already been men
tioned in this report. These beds are followed by s'weral hundred feet 
of very cherty limestone, rarely containing any fossils, except a large 
Zaphrentis (Z. Stansburyi,) which is very abundant in some layers. The 
upper part of the series consists of mostly pure limestones, from which 
a few specimens of Spirifer, Prod~wtus, &c., were obtained. The rocks 
of this series form the upper part of the western face as well as the 
summit and eastern slope of Mount Putnam. 

Passing northward along the line of this ridge we find it much eroded 
and, in two places, cut entirely through by small tributaries of Ross's 
Fork. In these gaps, the lower quartzites outcroJ!> clear through the 
ridge, while the intermediate knobs are capped with the Quebec group 
limestone. The strike of the beds runs a little to the east of the line of 
the ridge, so that the Carboniferous limestones pass out from the main 
spur and form the high knob which stands at the south end of the main 
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part of Lincoln Valley. On the eastern slope of this knob appear the 
overlying beds, consiHting of a few hundred feet of thin-bedded ferrugi
nous sandstone, with few fossils, apparently Carboniferous, with a hun
dred feet or more of bright-red sandstones, possibly Triassic, followed 
by brown and drab thin-bedded limestones, crowded with Pseudomonotis, 
Lingula, Aviculopecten (?,)&c., which are evidently of Jurassic age. The 
dip of these latter beds is here 15o, N. 440 E.; and no unconformability 
is evident from the very base of the lower quartzite to the top of 
the exposed beds. At other points in the neighborhood, however, cer
tain distortions and displacements led me to suspect a partial uncon
formability between the Carboniferous and the Jurassic. 

Passing farther out on the main spur, nearly to the road running from 
Fort Hall to Ross's Fork the, older beds mostly disappear, only a thin out
crop of the shelly J nrassic limestones being located by loose blocks in 
the soil on the west slopes, while the crest and eastern slopes of the 
spur consist of white and light-gray Pliocene sandstones and limestones, 
interlaminated with trachytic porphyries and coarse volcanic sandstones, 
aU dipping about north 5JP east, at angles varying from 150 to 30o. 
These dipu, which gave renewed evidence of late disturbance, even later 
than the commencement of volcanic eruptions in this region, continue 
with little change to the very extremity of the spur, where the opposite 
si1le of the anticlinal fold is also apparent in the basalts, which dip 72o, 
S. 340 W. The examinatiou was not carried far enough to ascertain cer
tainly whether these tilted basalts are, or are not, continuous with 
either of the beds which floor the great plain. 

On the east side of Lincoln Valley there is either a small fault or a 
very sharp double fold. About five miles south of the fort, on the east 
side of the road to Soda Springs, the Jurassic shaly limestones lie at the 
foot of the ridge, with a dip of about 350, N. 100 E., while its higher 
portions include sandstones and interlaminated limestones, probably of 
Carboniferous age, dipping 65°, N. 450 E. A more eastern portion 
of this same ridge shows the other side of a synclinal in these same 
Carboniferous sandstones, dipping 46o, S. 580 W. In the axis of the 
synclinal the Triassic red sandstone shows a thickness of 100 feet or 
more, at a point about one and a half miles east of Fort Hall, and visible 
from that post. The most easterly portion of this ridge, approaching 
the valley of Blackfoot Fork, exhibits another anticlinal and another 
synclinal, the eastern edge of the latter culminating in the highest point 
of the outer end of the spur, which received from our topographers the 
name of Higham's Peak, in honor of the proprietor of the nearest ranch. 
From this high point it becomes evident that the valley of Blackfoot 
Fork occupies, for a considerable distance, the axis of a broad anticlinal; 
and considerable thicknesses, of ()arboniferous limestones are exposed on 
both sides. The immediate mouth of this valley is rather wide and flat, 
though the channel of the stream itself is comparatively deep and nar
row, !Jut, from a point above five miles up, the stream is for many miles 
deeply cailoned in basalt which floors the valley as a corresponding 
stream does that of Port Neuf; and it is probable that, here as there, 
the valley has given exit to the overflow of some volcano near its head, 
which is very near to the head of Port N euf and the Soda Springs. The 
extremity of the dividing ridge beyond Higham's Peak consists of the 
Carboniferous sandstones, nearly or quite to the level of the plain. If any 
volcanic rocks have ever rested upon it, they have been so thoroughly 
eroded as to leave no trace; but the ridge next east of Blackfoot l!.,ork 
terminates in a mass of porphyries. 
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OI-IAPTER II. 

MARKET LAKE-CRATER BUTTES-TETON M:OUNTAINS
IIENRY'S FORK-HENRY'S LAKE-MADISON RIVEH-GEY
SER BASIN-REUNION. 

Having completed our outfit, through the kind assistance of Captain 
Putnam and his aids, who did all in their power to forward our plans, 
though at the same time showing such courteous hospitality that we 
were loth to leave them, we started again, on the 12th of July, and 
camped at Higham's ranch, on Blackfoot Fork, after a drive of only 
seven miles. This stream was named after the well-known Indian tribe, 
whose warriors once infested this region to the great discomfort and 
danger and frequently loss of the trappers and traders passing through 
or wintering near here. At present members of the tribe are rarely, if 
ever, seen on this side of the mountains, and the generally peaceable 
tribes of Shoshones, Bannocks, and Boises, whose reservation reaches to 
the southern bank of the stream, were the only ones seen by our party 
on the entire trip. 

Eitller westerly winds or the waves of the old lake, which is supposed 
to have covered this broad plain, have accumulated in this neighbor
hood considerable bodies of fine sand. .As we approach the mouth of 
Lincoln Valley we encountered broad stretches of this sand, partly 
covered with a scattered vegetation, partly bare and drifting. On one 
of these drifting patches lies the bleached trunk of a large cottonwood, 
though no such trees are now to be found for miles around. Has the 
gradual drying up of the country only recently permitted the sands to 
drift and accumulate here~ .And did its accumulation kill off a formerly 
extensive growth of trees at this point ~ Here also appears the first of 
a long range of sand-knobs, which are seen at short intervals for some 
miles, until they finally are lost in the irregular sand-plain along the 
lower course of Sand Creek. 

The road we are now following, between Ross's Fork and Taylor's 
bridge, is much used by drovers and freighters, when they are going 
south with empty wagons. Being less traveleC. than the stage-road, 
which follows directly up the river, the grazing is generally better, while 
the distance is about the same, and the grades over the ridge west of Fort 
Hall are not very steep, being only about 88 feet to the mile . 

.A fine young greyhound had accompanied us from the post, but the 
march of thirteen miles, from Blackfoot Creek to Sand Creek crossing, 
under a scorching sun and without water, was too much for her endur
ance, and she died of thirst, about a mile from our camp on the latter 
stream. This creek is said to have been entirely dry on .June 24, 1871, 
when crossed by Dr. Hayden's party, and we accordingly attributed 
its fullness at the time of our arrival solely to the unusually large sup
ply of water furnished by the immense snow-fall of the previous winter; 
but, upon our return in October, we found its channel still carrying 
from 12 to 15 feet of water, and were obliged to look to some other 
source fol' the change. Our guide, Richard Leigh, generally known as 
"Beaver Dick," who has long lived in this region, informed us tllat for 
many years this channel had carried no water except during rains, 
when it gathered small amounts from its immediate banks, but that, 
two or three years since, Willow Creek, which had previously emptied 
its waters into Snake River by two mouths, one about a half~mile and 
the other about two miles above Taylor's Bridge, broke over its banks 
in time of flood and poured part of its surplus into Sand Creek. Since 
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then, the latter stream has, during the spring, carried more or less 
water, which, however, has all sunk into the sands of the lower part of 
the channel before reaching Blackfoot, to which it should naturally be 
tributary, if we may judge by the shape of the country as seen from 
Higham's Peak. Indeed, from that point, certain water-courses were 
seen which lead me to suspect that, after once sinking, it again escapes 
from the sand and renews its individuality, at least for a short space . 
.At present, it is evident that the connecting channel has been so deeply 
cut that Sand Creek carries far more water than does the original chan
nel of vVillow Creek below the separation; and, if this continues to be 
the case, it is not improbable that it may succeed in clearing away the 
sand-obstructions from its lower channel and in establishing complete 
surface-connection with Blackfoot. The tracing of these old channels
and of others which doubtless exist in this broad flat plain-and the de
termination of the relative dates of their occupation will be of much 
local interest to geologists who may, in the future, make their homes 
hereabout. On the upper course of Sand Creek, later in the season, we 
found many shells in the soil of the banks, giving further proof of the 
lateral movements of the old channels, while yet the general course of 
the drainage was unchanged. 

Crossing Snake River at Taylor's or Eagle Rock Bridge, we encampecl 
on its west bank, about seven miles above. The stream was very full, 
carrying an immense body of water, whose surface was constantly broken 
by the eddying whirls characteristic of irregular bottoms . .After a long, 
bot day, the temperature of the stream, at 6.20 p. m., was 62°, the air 
being at 78o. .At 4.20, on the next morning, with the air at 47°, (the 
minimum thermometer marking 440,) the river was still at 62°. Only a 
very large and much-disturbed flow of water could thus escape all effects 
of so great an atmospheric change of temperature . 

.At medium and low stages of water, the river is confilwd, at the 
bridge, to a single narrow and deep channel, worn in the basalt; but, in 
times of flood, it here occupies two bridgeu channels, and elsewhere 
spreads considerably upon its banks. On either side there are olcl 
channels, more or less plainly marked, which were occupied by the 
stream at times before it had worn it~ present channel so deep into the 
rock. In passing northward, we found many of these, mostly dry, 
though some of them are occupied, during the rainy season, by the 
drainage of the neighboring plain ?ud retain some pools through most 
of the year. The road here follows the bottoms, without anywhere 
rising to the level of the surrounding plain. 

On the morning of July 16, -we left the stage-road at :Market Lake 
Station, and turned eastward toward the Tetons, whose highest peak had 
been visible at intervals, just above t;1e hodzon, ever since we crossed 
the river. The basalt-terrace, whioh here stands from 50 to 60 feet above 
the stream, is much broken near its borders, the edge being more or less 
undermined and sunken. .At short distances within the borders are 
many depressed areas, occupying a few acres each, whose walls appear 
to have once inclosed small ponds; but these have long since been 
drained through the underlying sand and gravel, when the river cut its 
channel to this lower level. Here, again, we see many of the unbroken 
knolls of basalt, evidently conseqnent upon the shape of the underlying 
surface at the time of the overflow. 

Since leaving Sand Creek, we had bad constantly in view two rounded 
buttes of moderate elevation, which were now immediately in front of us. 
As we approached, we found that they stood in the lower angle between 

14 G S 
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Henry's Fork and the main Snake River, and were separated from the 
basalt plain to the west by a broad depression of springy ground, which 
is probably occupied by the river in times of flood. This was probably 
once a channel, if not the main one, of Henry's Fork. It is even possi
ble that this, with the valley on the east side of the buttes, formed one 
broad river-plain before the eruption of these hills; for these Crater 
Buttes, as we called -them, are old volcanic vents. The more northern 
was examined with some care. .It rises about 500 feet above the river, 
upon an oval base of about one by one and a half miles in diameter. lts 
crest is rugged, showing some smaU cliffs, while its slopes consist 
mostly of sliding sand, both fine and coarse, and are mostly more or less 
covered with a straggling growth of bushy shrubs and small pines and 
cedars. Its crater is about a half mile long l?Y about a quarter· 
mile wide and perhaps 150 feet deep. At one or two points, small 
quantities of pretty compact lava were found in thin layers; but the· 
mass of the rock exposed, inside and out, is mainly a sandstone, thinly 
laminated and very friable, consisting of comminuted scoriaceous ami 
compact lavas, including many well-rounded pebbles of quartz and 
partially-rounded masses of basalt and other forms of lava. These peb
bles evidently came out of one of the beds of river-gravel which are in
terlaminated with the basalt layers, and assist in proving the compara
tively recent date of the construction of these cones. The stratification 
of the sandstone mostly corresponds closely with the slopes of thP in
terior and exterior surfaces, changing from very steep to nearly horizon
tal as we reach the foot of the butte. The layers are, I think, more 
regular than they would have been if deposited sub-aerially, in the 
midst of rain; and I am, on the whole, strongly impressed with the· 
belief that the eruption and deposition were sub-aqueous, and took place· 
when this whole plain was covered by the waters of a lake . . A small 
secondary crater, from 200 to 300 feet across, was noticed ·on the crest 
of this cone near the north west corner. The main crater opens toward 
the southeast; .but no lava-stream was found there. The more southern 
c-one was visited by Mr. Bechler, who reports its crater as rather larger· 
and not quite so deep as that just described. The two cones are united. 
at the base, and their combined deposits make something of a platform 
about them. This is more or less washed up to about 50 or 60 feet, as 
though the waters bad been for some time ponded about their base, and 
waves had been dashed against them. This erosion has separated some 
masses of the sandstone fi.·om the platform. One of these, in approach
ing from north or south, made a prominent feature of the landscape, and 
was named, by Mr. Adams, "Kenilworth Castle," from a supposed re
semblance to those famous ruins. The sandstone is irregular in its degree 
of solidity, and has weathered out into chamber-like hollows~ sometimes 
reaching far enough in to make comfortable shelters, some of which have 
evidently afforded temporary protection to Indians, while others are 
partly filled with accumulations of sticks forming the beds of wild 
beasts. The weathering has, in some places, worn passages completely 
through projecting masses, which thus take the form of flying buttresses. 
Under the eastern overhanging side of this block, there were numerou~ . 
rude carvings, representing men, horses, bisons, cranes, jack-rabbits, 
bears' claws, &c., evidently cut by Indians in recent times. The rock 
weathers away too rapidly to allow us to attribute any great antiquity 
t-o these figures. They are evidently only the scratchings of an idle 
hour. This fragile sandstone apparently never continued across the 
western channel to the basalt-terrace; and from this fact, as well as from 
the indications already named, I infer that the valley in the basalt-plain 
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had heen mainly eroded before the ponding of the waters and the vol
canic eruptions which these buttes record. 

The valley on the east of the buttes is flat and partly swampy for a 
considerable distance on either side of the stream, forming v·cry valua
ble stretches of farm-land, though the lower portions are liable to oyer
flow during the spring-floods. Large quantities of hay are cut here for 
use at the neighboring stage-stations, and two or three trappers com
monly winter in the immetliate neighborhood, since their stock here find 
abundant feed all the season. The water of Henry's Fork, having been 
turned from its direct course by the volcanic eruptions, now flows for 
some miles 'll]J a channel parallel with the Snake before being able to 
find exit into that river. · 

The surface of the basalt is exposed here in places, and. shows a 
striated structure, with lines of elongated bubble-like cavities, such as 
we might expect to find on the surface of a viscid fluid inflated with 
gas, and running slowly down a very gentle incline. The course of this 
structure is about north 38° east, nearly corresponding with the direc
tion of the lower half of the valley of Henry's Fork, aud indicates a 
probable source of volcanic outflow toward the head of that stream. 
Here we caught the first of the :fine trout which fill these mountain
streams, and which afterward so frequently eked out our scanty camp
fare. 

vVe here left the valley of the main stream, which now bends off to the 
southeast, and turned up that of Henry's Fork. This stream was named 
after one of the partners of the :Missouri Fur Company, who, in 1810, 
built a fort on the ·banks of this stream about twenty-five miles from its 
mouth . 

.About ten miles above the Crater Buttes, a low double-crested knob 
makes a prominent appearance, though it rises only 75 or 80 feet above 
the plain. It consists principally of laminated trachyte, with much 
scattered brown and brick-red scoria. This was probabl,v an old vol
canic vent, though so much material bas been worn away that nothing 
like a crater can now be traced. 

Four or five miles due north from here stand the so-ealled Sand Hills, 
more properly the Sand Hilll\Iountains. .As we approach we :find them 
surrounded by a belt of sand-dunes, from a half mile to a mile in width, 
and reaching, on the south side of the mountains, elevations of 250 and 
300 feet above the plain, though not more than 100 or 150 feet high at 
the eastern end. Tire central portion of this belt is almost entirely 
barren, consisting of :fine, drifting, gray, and ferruginous quartz-sand, 
with some comminuted lava; only here and there a few straggling shoots 
of a long-rooted grass appear. The glare of these uniform surfaces was 
almost as dazzling beneath the mid-day sun as if they had been of snow. 
From the hollows the sand has been mostly blown away, wllile the 
coarser materials are left, forming a sort of pavement of sometimes 
large masses of porous, gray trachyte, and again small bits of the same 
mingled with fragments of ~rick-red scoria, chalcedony, agate, and silici- _ 
:fied wood. Tile :first impression was that these vast accumulations of 
sand marked roughly an old lake-level against this island-like mountain; 
but I afterward became satisfied that the sole agent in the case had been 
the vehement southwest winds, which sweep over the broad plain and 
break against these isolated points, piling up the sand in these huge 
drifts. The surfaces of the drifts are everywhere beautifully marked 
with wind-ripples, except at the very summits of the various little 
ridges, where the winds pile it into steep crests, on the lee side of which 
the sand lies at so sharp an angle as to slide at the least touch, and so 

I 
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retains no wind-marks. At the angle of 38° the sand will rest for an 
instant, but apparently holds no permanent position when the angle of 
slope is greater than 33°. The upper and lower edge~ of the dunes 
are marked by dense thickets of sage-brush. Above the dunes the 
base of the mountain shows solid foundations of trachytes, covered with 
considerable groves of cedar, from 12 to 15 feet high. 'l'hen follow cov
ered slopes, thickly beset with JerReytea ( OP-anothus velutinus) and sumac, 
(Rhu::; glaber,) and spotted with blossoms of Geran·ium Richardsonii, and 
various Compositffi and Umbelliferffi, and, finally, irregular masses of 
coarsely-porous trachyte cap the crests at the height of about 1,200 feet 
above the va1ley. The range is a double one, the southern portion being 
the longer and larger, which runs about .northeast and southwest for 
perhaps ten miles, with a moderate southern slope, much broken into 
long spurs, and a steep northern one, descending almost unbroken into 
a valley perhaps 200 feet above the plain, and about a mile wide, which 
opens westward, and has thence been filled with the barren drifting 
sands. These have been blown into drifts reaching to the very crest of 
the more northern ridge, which attains the same elevation as the other, 
with generally steep southern slopes, but apparently somewhat spurred 
on the northern, where it descends to the plain. · The range, as a whole, 
has no apparent connection with any other, the rocks have no definite 
bedding, and I am inclined to believe that the two main ridges, facing 
each other with steep slopes, may be fi·agments of the bounding walls 
of a huge crater, whose fires were extinguished long before the eruption 
at the Crater Buttes commenced, and even before the erupt,ion of at 
least the later of the basalt-layers which floor the plain. 

Looking southwestward from these crests, we see the rough, almost 
impassable, basalt-plain, thickly overgrown with sage-brush, stretching 
away toward Market Lake. To the west and northwest spread the bar
ren sands of the dunes, which are several miles in width where crossed 
by the stage-road, near Sand-Holes Station. These also extend north
ward, and their eastern edge forms a ridge from 100 to 150 feet high, 
joiuiug the Sand-HilllVIountains to the main divide of the Rock~y Mount
ains near Camas Creek, and forming the western border of the valley 
of Henry's Irork. These absorbent sands, and the cracked and cavern
ous basalt with sand and grayel foundations together, may well account 
for the fact that, from near the head of Henry's Fork to the Malade 
River, which enters below the Great Shoshone Falls, a distance of fully 
three hundred miles by the riYer, no stream joins the Snake by a sur
face channel, though several good-sized ones reach the plain from tbe 
Salmon River Mountains. Along the bank of the Snake, however, at 
several points, there are large cold springs escaping from the basalt; 
and, in the lower part of the region named, several large streams are 
said to leap boldly from the walls of the canon, thus escaping from the 
subterranean channels to which they have been confined for many miles. 

Tbe low plain. bordering Henry's Fork on the west is from two to 
eight or ten miles in width, partly well grassed, though with many dense 
patches of sage-brush. About halfway between the Sand-Bill Mountains 
and the river, there is a low hill, in the shape of a horseshoe, opening 
to the south, which apparently was once a crater; but it has now been 
so much worn away and covered with soil that no rock is visible. 

Nearly opposite the Sand-Hill Mountains we crossed Henry's Fork, at 
Eagle-Nest Ford. The riYer is here, perhaps, three hundred yards wide, 
with from one to three feet of water, with pebbly bottom, a bluff bank 
on the west side and a low one on the east, which is overflowed during 
the spring freshets, so as to double the width of the stream. At that 
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date, July 17, the pools left by the freshets had not quite disappeared. 
:From a short distance above the ford, the river flows over a basalt-bot
tom for some miles, occasionally cutting rather deeply and leaping over 
small falls, but. generally having low banks. 

Thus far, we had been accompanied by a large wagon from Fort Hall, 
which carried some of our heaviest supplies, so that our pack-animals 
might become accustomed to light loads before receiving heavy ones. 
Having now reached the limit of convenient wagoning, though it would 
have been possible to take vehicles even to the very base of the Teton 
range, we sent the wagon back, and spent one day in re-arranging packs 
and in examining the proposed route up Teton River, or Pierre's Hiver, 
as it is more properly called, since t.his latter name was long since com
monly applied to it among traders and trappers, as well as upon maps 
of the region. The trappers of the present day, having little or no 
knowledge of the names used by their predecessors, have, of course, 
applied their own terms to the landmarks with which they are familiar; 
but the adoption of these by geographers would be contrary to all rules. 

Upon examining Pierre's River about six miles south of our camp, at 
a point not far above its junction with Henry's Fork, J\Ir. Stevenson re
ported it as occupying a deep though narrow channel, walled on either 
side by perpendicular cliffs of basalt, 60 feet in height, which frequently 
come to the water's edge, so as to make travel along the bottoms im
possible. Our guide, Beaver Dick, stated that these cliffs increased 
rapidly to several hundred feet in height, rendering the stream unap
proachable by stock for over thirty miles. As we were not in condition, 
being so heavily loaded, to make so long a march without water, we 
turned northward for a few miles, to pass up the valley of the next 
tributary, which Beaver Dick called the middle fork of the Snake. 
Since neither by position nor by size is this stream entitled to be con
sidered a fork of the main Snake, we have applied to it another name, 
Falls River; for reasons which will appear later in this report. Camping 
just above where we struck the stream, we found it about 3 feet deep 
and from 50 to GO feet wide. On the opposite bank, a bluff of basalt, 
about 30 feet high, showed a distinct prismatic structure through the 
upper 10 feet, while the central portion was amorphous and the lower 
3 feet, again prh;matic, the whole looking as if the upper and lower 
portions bad been affected by rapid cooling and consequent contraction 
of the surfaces of the sheet of lava, while the central portion, cooling 
much more slowly, did not reach the same state of tension. Just above 
camp, on the south side of the stream, there is a considerable bluff of 
light-pink porous porphyry, with an indistinct bedding, apparently up
turneu nearly to verticality, with a nearly north and south strike. The 
upheaval evidently occurred before the flow of the basalt. 

As we leave the valley of Henry's I~'ork, July 20, the country rises, 
and becomes more broken and rolling. The abundant growth of grasses, 
sedges, and other flowering herbs shows plainly that onl~' slight irriga
tion would be necessary to make this valuable farming-land; anll some 
crops would succeed without that.. Most of it would be fine land for 
stock-raising, the only exceptions being those portions along deeply
ca:iioned streams, where water is difficult of access. "\Ve bore a little to 
the southward to-day, toward the upper waters of Pierre's H,iver. 
About eight miles from camp, two rocky knoBs, rising abou..t 50 feet 
above their connecting saddle, and perhaps 350 or 400 feet above the 
nearest creek, mark two points of the rim of an old, broken-down crater, 
which faces nearly due east. The lava is a laminated mixture of quartz, 
obsidian, and feldspar; but no mass seemed to be ·in sit~t, so that tlirec
tion of strnctnrc could not be determinefl. 
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As we approach camp on Conant Creek, there is a marked change in 
the flora, from that of the dry plains, which are mostly bare through 
the winter, to that of the wetter bills, on which the snow then lies in 
drifts. Aspens begin to appear in considerable numbers, and antelopes 
are becoming rather abundant. 

July 21.-The country is becoming much more ro11ing, with a slight 
general slope of the surface toward Pierre's River. Heaching the lowest 
tributary of that stream, we found it flowing between nearly vertical 
banks, from 250 to 300 feet high, the lower parts of which are composed 
of light and dark pink compact porphyries, mostly ringing under the 
hammer, while the upper beds consist of gray basalt, somewhat porous 
and partly coarsely vesicular. On the hills between the streams, porous 
porphyritic trachytes reach ·the highest crests. Crossing the canon, we 
camped on a smeJl run which falls over the bluff just below. The canon 
bas here a very tortuous course. Mr. Bechler descended to its junction 
with that of the main stream of Pierre's Hiver, and found it everywhere 
bounded by nearly vertical walls, here from 600 to 700 feet in height. 
The last rattlesnake seen on the trip, so far as reported, was killed near 
this point. These reptiles are said to be always rare in the higher parts 
of the mountains. Strawberries were abundant at this camp. 

The peak of the Grand Teton bad· been gradually rising as we had 
approached, until now it was so near that strong glasses could give us 
pretty good ideas of its structure. It was now plainly evident that this 
was not a volcanic peak, as had been reported, but that it consisted of · 
either quartzites or granites. The gravel which :filled the bottom of the 
canon consisted largely of granites, gneisses, serpentines, &c., which 
gave sure indications of the existence of these metamorphic rocks about 
the sources of these streams ; so that the probabilities were strong that 
the central peaks would prove to be granitic. A few limestone-peb
bles were also seen, but these were mostly pretty well ground up. 

From near this camp there is a general depression of the surJace, 
stretching across to the nearest point of Pierre's Hole, (or Teton Basin, 
as it is sometimes called,) and suggesting the possibility that it may 
have been a broad stream-valley, after the outflow of the basalt and 
before the erosion of the caiions. If this were eyer the case, the weath
ering of the slopes bas destroyed any distinct channel, and so bas ren
dered a decision of ·the case very difficult. By very moderate slopes we 
descended in to Pierre's Hole. This bas a nearly plain surface for a 
length of about twenty miles and a breadth varying from about five to 
twelve or :fifteen miles, beyond which limit gentle slopes stretch up far 
among the foot-bills. The general slope of the plain, as a whole, is so 
extremely gradual that the flow of the streams which pass through is 
very much checked, so as to cause broad stretches of swampy ground 
along their banks, which are nor at all bettered by being occupied by 
numerous beavers. Many of the small streams, as they emerge from 
the mountains, are divided into several channels, which take very dif
ferent courses to the river. Most of the plain is thickly covere9. with a 
luxuriant growth of grasses and other good forage-plants, though some 
small areas are sandy and comparatively barren. Abundant supplies 
of water for irrigation, if this should ever become necessary, can be 
had at the mouth of every little canon. The seasons are probably too 
short for corn, but wheat should succeed well here. Considering the 
richness of the soil and the abundance of water, this is one of the most 

·inviting valleys of the region, and· would doubtless soon be settled if 
railroads should come within convenient distances. This was former1,· 
one of the favorite summer-rendezvous of the old fur-traders, and wa~s 



a·EOLOGICAL SURVEY OP THE TERRITORIES. 215 

tile scene, in 1832, of a sharp fight with Blackfoot Indians, which is 
vividly described by Irving in bis Bonneville's Adventures. In his 
description of that battle the woods are said to have been "tangled 
with vines." On the other baud, the entire absence of e\ery kind of 
vines from all this region, with the exception of scattered plants of Olema
tis along the banks of ditches and creeks, is one of the notable features 
along the whole length of our route. It is reported that Yines grow 
luxuriantly on some of the islands in the Yellowstone Lake. 

The extreme northeastern angle of this basin is occupied by a shallow 
pond about fil"e hundred yards in diameter, with marshy borders, whose 
surface was covered with tracks of antelope, deer, and elk. This pond 
is supplied by springs bursting out at the base of the surrounding foot
hills. One of these, of the temperature of 45°, is about 50 feet across 
and throws out a rapid stream 10 feet wide and 1 foot deep, with a clean 
bottom of fine volcanic sand. The water evidently comes from the rap
idly melting banks of snow upon the moutai.ns, and finds its way by 
subterranean channels through the porous Yolcanic rocks of the lower 
slopes. 

Crossing this basin, we at length camped, on July 23, in the mouth of 
the calion of the largest tributary of Pierre's River, which is known as 
Teton Creek, or Big Teton Creek, because it beads directly toward the high
est Teton and its valley gives a fine view of that peak. Though it heads 
in the very center of the range, still it does not gather the drainage of the 
Teton peaks themselves, but that escapes into a stream called Teton 
River, which flows to the east and joins the Snake River in Jackson's 
Hole. Under the circumstances,-we can hardly displace either name. 
and must be satisfied to distinguish them by the use of the adjectived 
titles East and vV est. 

The val1ey which we now entered is wider than those of the other trib
utaries of Pierre's River, and, unlike them, has a broad tongue of the 
prairie running up it for two or three miles, so that good camping
places can be found with abundant pasture for the stock, while steep 
slopes on either side will check their propensity to stray. It had, there
fore, been selected for the location of a permanent camp, while small 
parties were going out in various directions to explore the neighborhood. 

The lower slopes of the foot-hills of the range, up to a height of from 
400 to 500 feet above the plain, consist of variously-colored porphyries. 
representing the extreme edge of the great volcanic district, which had 
become so wearisome to us by reason of its sameness. Though the line 
of junction with the older rocks was not found, yet these latter outcrop 
at such points as to show that the porphyries were deposited against 
originally steep slopes. I did not succeed in finding any beds of por
ph3T.Y so tilted as to indicate any modern continuance of the upheaval 
of which the older rocks give abundant evidence. 

From beneath the upper edges of the porphyries emerge first about 
2,000 feet of compact, often ql)ite cherty, gray to drab Carboniferous 
limestones, mostly rather barren of fossils, except a few of the lower 
layers, which are crowded with Zapkrentis, Oyathaxonia, Syr.ingopora, 
Product~ts, Spirifm·, and other forms, mostly silicified, and so weathering 
out finely upon the surface of exposed slabs. These beds, however, are 
but slightly exposed, except on the higher crests: where they appear 
low down in the canons, they are almost always covered up by the debris 
of the higher layers. . 

Beneath them appear about 600 feet of a heavy-bedded, drab to light
buff vesicular magnesian limestone, entirely destitute of fossils, so far 
as I could ascertain, except minute fragments of crinoid stems; but, 
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from both its character and its position, I refer it, with but little doubtt 
to the age of the Niagara limestone of the Upper Silurian. It may, 
however, have been deposited continuously from the era of the Upper 
Silurian to the commencement of the Carboniferous age. The bed 
forms tall, castellated cliffs along the canons wherever it is exposed, 
adding much to the beauty of the scenery. This is followed, in de~cend
ing order, by about 400 feet of a blue, very impure, thin-bedded and 
partly shaly limestone, much of which is a mass of pebbles, and from 
the lower portion of which Mr. Taggart and I, after long-continued 
search, were able to obtain a few fragments of trilobites, of the genera 
Oonocoryphe and Dicellocephal~ts ( ?) These would not be sufficient of 
themselves to determine the precise age of the strata, but, taken m con
nection with the lithological character of the beds and the identification 
of precisely similar layers only a short distance to the south ward, they 
justify the conclusion that this limestone is of Quebec Group age. The 
thin lamination of the strata causes their easy weathering; so that they 
generally present slopes of debr,is rather than bluffs of solid rock. In 
many places, however, these debris are more or less thoroughly reconsoli
dated by a cement of the lime first dissolved and then redeposited by 
percolating rain-water. The rock is somewhat cavernous, and gives 
passage to numerous streams flowing from the melted snows, which 
escape in large springs at several points in the canon. The water at 
these points is still very cold, reaching only 38° and 40o, while the air 
was at 72°. One of these springs was intermittent; but its periods were 
not ascertained. At another outcrop of these limestones, they are 
immediately underlaid by about 300 feet of partly compact and partly 
shaly glauconitic sandstones, which are evidently equivalent to the so
called Knox sandstones of Safford, which form, in Tennessee, the lower 
part of the Quebec group. No fossils were seen in these beds. They 
are apparently unequally distributed, since no corresponding beds 
appear along the calion of West Teton Creek. Beneath them, and often 

1 present when they are absent, we generally find from 50 to 75 feet of a 
very compact ferruginous quartzite, which must represent the Potsdam, 
though this also is sometimes wanting. 

Where these lower limestones are first encountered, near the mouth 
of the canon, they are nearly horizontal; but, as we pass in toward the 
center of the mountain, we find them rising considerably, until they 
reach angles of 15o, 2oo, ttnd even 30o, dipping westerly and south
westerly, and resting unconformably upon the edges of granites which 
dip in various directions. At the forks of West Teton Creek, where the 
granites are first seen, t,heir bedding dips 35° N. 78° E. D p the left
hand fork they rise rapidly, causing beautiful cascades a hundred feet 
or more in height, and finally occupying the whole upper basin of that 
stream and reaching the very crest of the ridge. They also occupy the 
valley of the right-hand fork for a considerable distance, forming smooth, 
bare cliffs on the left as we ascend, and finally are exposed in broad 
surfaces on its floor. The right-hand wall of the canon is abrupt for 
1,200 feet or more, reaching well up into the Carboniferous limestones, 
the upper parts of which form crests here reaching more than 3,000 feet 
above the calion and about 10,000 feet above the sea. 

The granites, gneisses, and schists, which form the ceHtral nucleus of 
the mountain, vary greatly in character and position. They are partly 
micaceous, partly hornblendic, and partly talcose and chloritic. No 
regular succession was ascertained. The granites are mostly white or 
tinged with pink, and occur in thick, solid beds. The other rocks are 
much broken up and tilted in various ways, and are crossed iu every 
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direction l>y innumerable large and small veins, mostly of quartz, but a 
few granitic. None of these are metalliferous, so far as I could ascer· 
tain. At two or three points there are beds of trap-rock from 50 to 70 
feet thick, which appeared at first sight to be dikes; but, upon further 
examination, it became evident that they lay conformably between 
regularly-bedded members of the granitic series, and it seemed as if 
they might have been deposited as broad sheets of lava, like those 
which we have seen flooring the Snake River plain, but deposited ages 
ago in the bed of the ocean, where were then accumulating the sedi
mentary sandstones which were metamorphosed into these granites 
before the Silurian age began. But, again, the trap shows no columnar 
tructure, but is indistinctly laminated parallel to its walling planes; 

aY.d this would seem to indicate that it might, when quite viscid, have 
been forced with difficulty between the solid granites after their up
heaval, and so have received its laminated structure, while between 
walls of such slow-conducting power it did not take on the columnar 
structure. Or it is possible that, having been deposited horizontally 
among the sediments, as aforesaid, jt may have lost a columnar structure, 
originally possessed, during the metamorphism of the surrounding beds. 
The trap weathers much more rapidly than the granite; so that its out
crops are plainly marked and readily traced from a distance by a sharp 
notch on the crests as well as by its debris on the slopes of the mount
ain. One of these beds, which crosses the saddle just south of the 
Grand Teton, was thus traced across the Great Canon, and up the side 
of its perpendicular western wall, where at least 2,000 feet high; aud its 
termination was then capped by the Potsdam quartzite, showing that it 
is at least older than that rock. Both this trap and its inclosing granites 
contain much .epidote, partly compact, partly crystalline, and. some 
pyrite. Near to this bed of trap are two very noticeable beds of 
granite, one being of the deepest flesh-red, the other almost pure white; 
both contain very little mica. The white bed has its constituent minerals 
much segregated; so that we find in some places large masses of pure 
feldspar, (orthoclase,) cleaving with broad surfaces, and again fine speci
mens of graphic granite, (pegmatite.) From a neighboring bed come 
large masses of mica (muscovite) tolerably well crystallized. A few 

mall garnets were seen, but we found no large or particularly good 
crystals either of this or of any other mineral. 

vVhile the beds are generally so much disturbed as to prevent the ac
curate determination of any regular or prevailing dip, yet the general 
strike is approximately east and west; and this has determined, to some 
extent, the structure of the range. The spurs running east and west 
from each crest-peak are each dotted with three or four subordinate 
peaks, which would be thought large, if they were not belittled by their 
larger neighbors. The sharp dips cause the north and south sides to be 
extremely sharp-even sharper than the natural weathering of the 
granites, if leYel, would have made them. The highest of them all are 
visible from great distances in every direction, both on acconnt of their 
great eleYation and by reason of the sharp depressions on either side of 
them. From whatever point they may be seen, there is little danger of 
mistaking their identity, their abrupt, pointed outlines being markedly 
different from those of any other peaks of the region.· From their prom
inence, affording good landmarks for travelers, they have sometimes 
been called the Pilot Knobs, (see In·'ing's Astoria, chap. xxix ;) but 
the name commonly applied, from the earliest times, is that of Tetons, or 
Paps. As only three of the peaks are usnally seen at a distance, they 
haYe been called the Three 1'eton~. There arc really ten or more dis-
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tinct peaks in the range; but those upon its northern and southern por-

11 

tions are 8omewhat lower than the central 
:,~ ones, and have more of the high western 
g . parts of the range opposite to them, so that 
~~ they are mostly l1idden in that direction 
~~ until we approach quite closely. 
-~ ~ The following section, (Fig. 46,) though 
-a~ the elevations are somewhat exaggerated, 
Eo;~ will give a good general idea of the country 
.:£C thus passed through in coming from Henry's 
i § Fork to the crest of the Teton range. The 
·§~ broad, gradually-rising, high terrace of ba
cbt:Q salt and trachytes, cut by the deep canons _ .... 
~g of Pierre's and other rivers, breaks down 
~~ into the rounded depression of Pierre's Hole, 
-~ £ whence the slopes of porphyries rise more 

ui g §~ rapidly to the still steeper outcrops of the 
::: s '@ Carboniferous and other limestones. 
~ ~~ These, again, are cut by the ' deep canons 
::> -<o.s of West Teton Creek and others of similar 
~ p.,8 
z ...:;.._. character, some of which slightly expose 
-~ p;~ the granite, while some do not. Between 
.<-< §0 this western drainage (l) and the Great 
~ cb € Canon, (m,) which breaks through the range 
; ~~~ to the eastward, there is, in some cases, a 
g &l5 block of limestones as here represented, 
~ ~:::: while, in others, the divide is entirely of 
-~ ~~~ metamorphic rocks. Finally reaching the 
~ -~Eo; 1 k d 1 h o ::.....- crests, we oo own, over c ean s eer gran-
"'.El~. d 1 f -~ ~ ~ 1te-walls, to the broad sage-covere p ain o 
~ ~~ Jackson's Hole, bordered on the other side 
~ ~§ with the rolling foot-hills of the main range 
~ -'§ of the Rocky }\fountains. 
~ ~~Q "' ~...., We had postponed our attempt upon the 
~ .s ~~ highest peak until we could make it under 
s ~o the most favorable circumstances, and z St:Q 
~ :;.~ l\'lessrs. Stevenson and Langford had made 
fil g t some preliminary examinations, so as to 
§ ~£ select the best route. Soon after sunrise, 
t; §..:.:· on July 29, from a temporary camp previ
el ~ ~- ously formed at the nearest convenient 

o,g .,8 point, in the right-hand fork of the canon of 
~-~ West Teton Creek, we started for the sum
-~.::: mit. Cold streams fall in beautiful cascades, 
~~ 
~-Cfl for from 200 to 300 feet. over the canon-wall 
~ ~ on our left. Climbing over piles of loose 
-g£ debris, from the deep cavities of which we 
:-.;; beard the frequent kid-like bleat of the rare 
~~~ little coney, Lagomys princeps, so seldom 
~~ seen, and over rock-slopes nearly as steep 
8-Cfl as any we saw that day, we reached the top 
~ i of the cliff and found a broad valley, leading 
~~- from the very verge of the canon-wall di
~-.. rectly toward the peak, bounded on either 
r:3 side by more or less precipitous walls of 

Quebec Group limestone, above which ap
peared some isolated patches of the bed which we have referred to the 
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Niagara group. Here we began to encounter the masses of snow whose 
melting supplied the cascade-streams. Up to their very edges, the satu
rated ground, though not entirely hidden, was profusely ornamented with 
the large glossy blossoms of white and yellow butter-cups, (Ra,nunculus,) 
many of which, indeed, as if tired of waiting for the removal of their 
covering, bad burst through the edges of the snow, where the drifts 
were not more than two or three inches deep. But these impatient in
dividuals bad generally suffered, in their upward passage, and were 
rarely as perfect as their more favored companions, either ·in flower or 
in leaf; for, while vegetative growth had evolved heat enough to melt 
a passage for the plant, yet contact with the snow had been sufficient to 
check the development of its parts. In passing over the drifts, we found 
many grasshoppers lying motionless and apparently frozen, in small pits 
in ·the surface from two to three inches deep, the snow having appar
ently been melted from beneath them by the beat of their bodies. As 
the sun got higher, however, they were soon thawed out, an<l became a 
active as any of their race. It is possible that they found microscopic 
plant-foo<l upon the surface of the drifts, an<l bad purposely come here 
for it; but it is more probable that they had been blown over from neigh
boring patches of vegetation by the high winds which almost con
stantly sweep over these crests. The high levels on either si<le of thi~ 
valley were entirely destitute of the high -growing plants of lower levels, 
but presented a large variety of the Alpine plants, now mostly in full 
blossom, showing a great profusion of white, blue, purple, crimson, and 
yellow stars on their carpet of moss-like leaves. The crests of this part 
of the range reach about 10,500 feet above the sea, running some 300 or 
400 feet above what is here the apparent limit of pines and spruces. 
From here it was evident that the range lying on the west side of 
Pierre's llole reached to about the same elevation, with no sharp peaks, 
and mostly roun<led surfaces on its eastern face. 

The walls of the valley along which we had made our unobstructed 
way now approached each other, leaving a gap only fifty or sixty yards 
in width, to reach which we climbed a sharp slope of stumbling rub
bish, and then found ourselves on a narrow crest, overlooking an im
mense canon, the Great Teton Canon, which separates the three higher 
peaks from the mass of the mountain west and north of them, and finally 
breaks out to the eastward toward Jackson's Hole. The descent from 
this crest is very steep; and, in dodging falling masses of rock, started 
by those behind him, Mr. Bechler unfortunately got a severe sprain, 
which troubled him for several days. Just to the left of this gap, the 
crest of an immense snow-drift, from 80 to 100 feet high, reached up to 
the rocks, and gave some of us an easy passage do\Yn. Of course, no pas
sage with horses would have been possible at this point; but I think it 
could be made by striking directly up the ridge at the forks of West Teton 
Creek, about three miles west of our main camp, and turning down into 
the Great Canon about two hundred yards west of the gap just described. 
From the gap, it was evident that the huge lateral spur of the southern 
Teton must be crossed before we could reach the base of the central 
peak. An attempt to pass around it would involve several miles of 
travel in very deep caiions. In these upper basins. the snow had melted 
much less than on the outer slopes; and about a mile of it stretched be
tween us and the spur aforesaid. On our right, and behind us, rose a 
nearly vertical cliff of Quebec group sandstones and limestones, running 
off southeasterly, past the southernmost Teton, to form the eastern face 
of the mountain beyond. Beneath our feet was the Potsdam(~) quartzite, 
while only metamorphics lay ahead of us. Bearing but a little to our 
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right, we found ourselves on the divide between the head of the Great 
Canon and that of a smaller one, which opened directly out toward Jack
son's Hole. In the head of this latter, perhaps 200 feet below us, lay 
a small ice-covered lake, with no surface-outflow, but probably draining 
through the slopes of debris which hemmed it in on either side. The 
accompanying outline-sketch of our route beyond this point bas been 
made up by 1\Ir. Holmes from Mr. Jackson's photographs, which were 
taken from the top of the western wall of the Great Calion. (Fig. 47.} 

In the broad head of the Great Canon, which we now cros~ed, there 
are three or four small and apparently shallow ponds, partly covered 
with ice, though partly clear. The outflow of one, buried in rubbish for 
some distance, finally appears on the edge of a cliff and makes a pretty 
little fall, perhaps 30 feet high, at the head of which, with a favorable 
wiud, one can easily get a spray-bath at short notice. At the head of 
this pond, a slight depresion of the crest of the spur indicates probably 
the best point for crossing, though the slopes are of fine sliding rubbish,. 
which'.makes climbing tedious. Those who preferred climbing over 
solid rock crossed a little farther out on the spur. Another short half
mile of snow brought us at length to the foot of the central peak. In 
neither of tllese two snow-basins was there any apparent consolidation 
of the snow ·into glacier-like bodies of ice, tlwugll small icy patches 
were seen, and the compacted snow was 0ccasionally cracked as if by in
cipient crevasses. Apparently, the melting of the snow is very nearly 
complete every season, so that no glacier-like masses can be formed. 
We afterward saw abundant evidence that this valley, like others in the 
range, was once the scene of intense glacial action. 

It is possible to climb directly up the steep slope of bare rock in 
front of the lowest part of tile saddle south of the main peak. Those 
who prefer gentler slopes of debris and snow should pass abont two 
hundred yards farther north, where such a ~lope reaches to a higher 
point of the saddle. 

Several of the party had already turned back, and Mr. Bechler's 
injury, previously mentioned, made it imprudent for him to attempt 
these steeper slopes. Accoruingly, be turned off and examined the 
calion for a mile or so lower down. Five of us reached the saddle
)Iessrs. Stevenson, Langford, Hamp and Spencer, and myself. Here I 
stopped, at 12 o'clock, at the elevation of about 11,400 feet, to wait for 
a mercurial barometer, which Mr. West had undertaken to cleliyer to me 
at that point, so that I might take H to the summit. I afterwarcl 
learned that be bad already turned back from the high spur, without 
really attempting either to reaeh the saddle himself or to send forward 
the barometer by any other person. lVIeanwhile, I examiued the rocks 
upon and east of the saddle. Climbing is here mucll hindered b,y steep 
slopes of snow, some of which consist wholly of bail-stones from a third 
to a half inch in <liameter. A fierce west wind, blowing forty to fifty ' 
miles per hour, was sweeping across the saddle with such force that thr 
loudest shouts were inaudible fifty yards to windward. I experienced 
no inconvenience from the rarity of the air at this elevation. .My high
est point was about 1:3,000 feet, about a half mile east of thr main sad
dle, from which point I had a limited view out to the basin of Jackson's 
Hole. The mountain descended in bare rock-slopes oYer 4,000 feet, 
until, with gentler slopes, there appeared a belt of pines and spruces. In 
the upper edge of this belt, a small- lake, partly iced over, occupied a 
notch in the base of the m<·mntain immediately beneath me. The timber 
stretched in a heavy body down along a small stream flowing past the 
base of the mountain ont to its junction with Snake R.i\'er. In plain 
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Yalley of that ~tz'r>nm running far into the eastern monnta,ins, with 
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bright-red cliffs on either hand, while the channel of the Snake itself 
meandered northward througlt broad sage-covered plains, till its upper 
course was hidden by hills. This view was as if set in a frame formed 
by the sharp spurs running out on either hand and cutting off its con
tinuations. 

A few small Alpine plants reach this level, and even higher, though 
Mr. Stevenson states that all vegetation except lichens ceased about 
30.0 feet below the summit. 

Busied with these examinations, I waited longer than I should have 
done for the missing barometer, and found that time would not then 
permit me to complete the ascent. The others who reaehed the saddle 
passed directly up the long slope of debris leading from it into the 
gorge on the west side of the peak, and report that Messrs. Ste,enson 
and Langford reached the summit, while Messrs. Hamp and Spen
cer stopped about 300 feet below. They state that the summit is 
crowned by a rude quadrangular wall of rock, different from that of 
which the summit of the peak is itself composed, which must have been 
brought up from some distance below, and which is very much disinte
grated by the action of the weather. If their account :is correct, the 
hardest part of the ascent is past when the high saddle is reached. 

Mr. Stevenson reported that the Great Canon seemed to break down 
suddenly to the plain, so as to be apparently impassable for animals. 
Examinations on the ea:st side of the mountain in September strength
ened this probability, though they were not full enough to determine 
positively that the canon is impassable. 

To the north of the canon, one peak of the range, which we have 
called Mount Leidy, bas a long wedge-shaped summit, upon the top of 
which a long oval elevation has, from a distance, much the appearance 
of a huge mound, like those erected so .numerously by the mound
builders in the valleys of the Mississippi and its tributaries. This sum
mit, however, was not visited. These peaks have been described by 
some as "snow-covered" tlH' year round, while others have said that 
theJ-T are so steep that snow will not lie on them, even in winter. The 
truth lies between the two, for immense cliff's doubtless continue bare 
through the entire winter, while in some of the ravines and crevices 
bands of snow run nearly to the summit, though not so abundantly as 
as to appear like a mostly snow-covered surface. We dragged our weary 
limbs back to camp, where each had his story to tell of individual adven
ture and mishap. 

Messrs. Stevenson and Langford claim the right to name this peak, 
as being the first white men to reach its summit, so far as known, and 
have called it Mount Hayden, in honor of the director of our survey. 
As no individual name bad been previously applied to it, other than 
Big Teton or Grand Teton, there appears to be no reason why this name 
should not stand and pass . down for ages the name of one who has 
probably explored a greater extent of the crests and eastern slopes of 
the Rocky Mountains than any other living scientist. The reported 
reading of Mr. Stevenson's aneroid gives the elevation of the peak as 
about 13,400 feet; but the gradienter measurements, taken by Mr. 
Hering, indicate an elevation of 13,858 feet, which bas been adopted as 
altogether the most reliable determination. 

(. 

Though glacial scratches were seen only in the highest portion of the 
canon of vVest Teton Creek, yet abundant evidence of glacial action 
was seen in all the lower part of the valley in the immense numbers of 
bowlders, both of granite and of limestone, which are distributed over 
its bottom and on its sides up to about 400 feet. The surfaces of these 
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bowlders, howe\er, have been so much weathereu, disintegrated lJy fires, 
and worn by the streams which, during the subsequent ceuturies, have 
:flooded and deepened the valley, that I was unable to decide whether the 
absence of striations was or was not due to the bowlders having been 
carried upon the surface or in the mass of the glacier rather than in its 
grinding foot. These bowlder-deposits extend well out to the mouth of 
the canon. No true terminal moraine was recognized ; and I am at 
present inclined to refer its absence to the :floating. off of the end of the 
glacier upon the waters of a lake which once evidently, and perhaps at 
that very time, filled the basin of Pierre's Hole and the lower portions 
of all these outer canons up to not far from the level mentioned. 

The scenery of the region, as a whole, is wonderfully interesting. Its 
dense spruce-forests, though· now greatly injured by fire, gradually 
opening upward until they terminate in scattered groves of individual 
beauty; its sharp, deep canons, with massive, precipitous walls; its 
beautiful and varied cascades; its broad snow-fields, and its sharp, 
rugged, lofty peaks, together form a combination .of beauty and grand
eur rarely equaled. Though its peaks are surpassed by many in actual 
elevation above the sea, few such stand among so broad, deep 
vallPys as to give so great relative elevations and to be seen so 
prominently over so wide an extent of country. "\Vhen the region 
becomes more accessible by means of already projected railroads, this 
must become a favorite resort for tourists. lfhe route by which we 
reached Mount Hayden appears to be the most feasible for those who 
would approach it from the west, though its base can be more closely 
approached with animals on the east side, so that possibly less personal 
exertion would be needed in climbing it from that side. When we left 
the peak, I hoped to reach this eastern base early enough to make 
another attempt upon its summit, and so to retrieve my lost honors ; 
but the early snows of September had, before our arrival, covered the 
upper slopes and made the attempt too hazardous to be justifiable .• July 
and August seem to be the months most favorable to the ascent. 

The sportsman need not despise the region. An.telope still abound 
on the plain; the tracks of deer and elk were abundant about the 
swampy bottoms of Pierre's Hole; several bears were seeu, and one. 
small grizzly was shot by Messrs. Carrington and Brown; a moose-cow 
and two calves were shot in a thicket on West Teton Creek; and 
abundant tracks of mountain-sheep were found as high as the saddle 
south of Mount Hayden, where no other animals were seen larger than 
the swallows, which were skimming about over the snow-banks, gather
ing insect-food. The thickets along the streams, and especially the 
groves near the upper line of the timber, are full of two or three varie
ties of grouse, while ducks and geese abound in the swamp-ponds of 
Pierre's Hole. 

Our original plans contemplated the passage of our main train across 
Teton Pass into Jackson's Hole and thence northward, while a small 
party should examine the Snake River Canon, in the southern continua
tion of the Teton Rattge; but our guides threatened us with impassable 
fords on that route, by reason of the continued high water from the melt
ing snows~ It was then proposed to cross the range by the broad 
depression at the head of Falls River; but this was declared to be also 
impassable by reason of fallen timber. This information was afterward 
proved to have been false ; but, accepting it as true, we now turned up 
the valley of Henry's Fork, leaving our Teton camp on August 2, and 
returning in one day to our camp of .July 21, on the north fork of Pierre's 
River. The next day, we reached the banlrs of Falh; H,i\Ter, finding it a 
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large stream, flowing directly from the broad depression north of the 
Tetons. No sedimentary rocks were seen in this region. Only scatter
ing groves of aspens, pines, and spruces had been seen thus far; but, 
after crossing, we at once passed into dense bodies of pines and spruces, 
large areas of which had long since been burned over and were mostly 
grown up again with dense young pines, from one to six years old, and 
smaller numbers of quaking aspens. The country is much cut up by 
precipitous canons, from 50 to 200 feet deep, with flat bottoms and 
broad shallow streams, the smaller ones being dammed by the beavers 
at short intenrals. A few purple-nacred unios occur in these streams. 

Approaching the Spring Fork of Henry's River, two buttes are prom
inent, consisting of porphyries and loose-textured volcanic sandstone. 
Their tops are much cut ~by ravines, with flat, grassy hollows at their 
heads, which at first remind oue of craters; but closer examination 
shows that these are not distinct volcanic cones, but are merely frag
ments of the terrace-like mountain to the northeastward, which have been 
cut off from it and left behind in the general erosion of the valleys. On 
the slopes of one of these buttes we found a profusion of large, blue 
huckleberries, growing on rather small bushes a foot or so high; but 
these were not again seen on the whole trip. A smaller trailing species, 
however, forming a perfect carpet in the open groves of pine and 
spruce, and bearing a very small, deep-crimson berry, with a pleasant 
acid flavor, now began to appear, and was afterward found abundantly, 
through all the pine-country, until we reached Jackson's Lake, late in 
September. 

Spring Fork, where we crossed it, is about 100 feet wide, and was then 
carrying about 150 feet of water. Its banks are very steep, consisting 
mainly of the drab and pink porphyries so common in this region, which 
are here well laminated and nearly or quite horizontal. If Raynolds's 
distances and ours are both correct, our camp must have been about two 
miles below the immense spring, described by him as leaping over a 30-
foot fall into the stream, and furnishing to it fully two-thirds of its 
water as well as its name. This sudden increase would explain the evi
dent inconsil:'ltency between the size of the stream and the apparent ex
tent of its upper basin. We did not at the time understand our relation 
to Raynolds's route, or we should have tried to reach this spring. Start
ing from ·this camp the next morning, August 5, the steep bank proved 
too exciting for one of the usually most obstreperous of our mules, and, 
in attempting to kick herself free from her pack, she lost her footing and 
rolled down hill, turning five complete somersaults before reaching the 
bottom, where she quietly went to grazing, with only one or two slight 
scratches. For want of any other name, at the time, we called this, 
among ourselves, the Mormon Mule's Creek. 

Shortly after leaving this stream, we found the soil becoming notice
ably thinner, and masses of basalt began to appear upon the surface. 
The loosely-jointed character of the basalt seems to have given to the 
soil, as fast as it formed, a ready passage downward with the water of 
rains and melting snows; so that, in many places, broad surfaces of the 
rock appear, with barely enough soil upon them to support a few small 
herbs and grasses. The basalt is doubtless underlaid here, as it is else
where, by sands and gravels, which not only readily absorb all waters 
percolating through the crevices of the basalt, but also furnishes covered 
passage-ways for the large streams which supply large springs, of which 
there are many examples in this region besides the one just mentioned. 
Timber is here more scattered and has suffered less from fire than in 
the tracts we had recently crossed. The basalt is much bulged up into 
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low domes, like those before encountered and described. Many of th(\se 
are broken away at the top, and' the basins are often occupied by ponds; 
these being the exact equivalent of the pond-boles already described as 
having been sePn near Market Lake, only these are at a less advanced 
Htage. By the dribl>Jing outlet of one of these ponds, whose water was, 
during the middle of the day at least, too warm to be agreeable for drink
ing, we foun<l a small flow of quite cold chalybeate water, of medium 
strength. By one of these ponds, on the slopes toward Henry's Fork, 
we camped on the evening of the 5th. 

Next morning, a few of us turned southwestward, to try to find there
ported falls of Henry's Fork. About two miles from camp we struck the 
bank of the river, at a point where it was just entering a basalt-canon. 
Following down stream for several miles, we found the walls gradually 
increasing to 50 feet or more in height, but finally turned back without 
reaching the falls, after having gone nearly twice the reported distance. 
The falls are said to be below the end of this canon and about 80 feet 
in height, the upper 40 feet consisting of rapi<ls and the lower 40 l>eing 
a clear leap. For about ten miles above the canon the country is open, 
with gently-sloping, broad grassy bottoms and scattered groves. At sev
eral points, large cold springs break out from beneath the basalt, evi
dently being the outflow of streams which have been swallowed bodily, 
higher up,· by this cavernous bed. These are full of <lelicious trout. 
For the next ten miles, dense timber runs to the river, which is again 
walled by low outcrops of basalt. At first, fallen timber was very 
troublesome and delayed the train badly. Since the second day out 
from our Teton camp, we had been oblig~d to make our o"·n road, but 
~tow, on the banks of Fishing Creek, we found a trail which had, at 
some recent time, been used by wagons, following our general course, 
though it led us up Fishing Creek instead of the valley of Henry's Fork, 
which here makes a large bend to the westward. Before long, the trail 
became less marke<l and finally disappeared; but we kept on to the head 
of the stream, which proved to be one of the large springs so common 
here, and then bore a little westward to regain the main stream, though 
guided mainly by the summit of a peak which was saiu to stand on the 
sou~h side of Henry's Lake. Here we encountered excessively dense 
growths of young pine, through which we forced our way with very great 
difficulty, the packs continually requiring replacement. At length we 
reached Henry's Fork and a trail almost simultaneously, and soon re
joiced in a good 1·oad and a camp. We were now done with bad timber 
for some time. 

The season was now so far advanced that we began to find that min
gling of spring and fall flowers which is characteriiitic of regions where 
the summers are short. In the same field we often found violets, straw
berry blossoms and fruit, monk's-hood, geraniums, everlastings, and 
fringed gentians, (G. cr·inita.) This last was first seen on .August 4. 
Strawberries were found in considerable numbers as late as September 9 . 

.August 8.-.Mr. Bechler examined the stream below our camp, and 
found that it ran for several miles through a deep basalt canon. At 
aml above camp, its bottoms are broad and flat, including some beaver
dams, a.nd the valley continues of that general character to the lake, 
which is only a few miles distant. The groves are somewhat open, yet 
nearly all the comparatively bare spots are well set with seedling pines, 
which plainly need only protection from fire to soon make good all pre
vious losses. Passing these, we soon enter the open grassy basin which 
surrounds Ht'nry's Lake. 

This is a broad, shallow sheet of water, said to average not more than 
15 G S 
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8 feet in depth, which is practically the bead of Henry's Fork, though 
several small streams :flow into it from various directions. Though the 
shore is very winding, and numerous points project into the lake, yet, 
as a wlwle, it is a pretty regular body of water, al)Out three miles long 
by from one and a half to two miles wide. Several small islands are 
scattered over its surface. From its borders, which are mostly marshy, 
the plain rises very gradually to the gravelly terrace of an old lake
shore, from 80 to 90 feet above the present water-level. When at that 
lew_~l, the lake would have been some eight or ten miles in diameter. No 
higher terraces were apparent. The upper level is covered with sage
brush, but the lower flat supports luxuriant growths of grasses, sedges, 
and other rich forage-plants. Near Sawtelle's ranch, at thP head of the 
lake, large amounts of hay were curing in the hot sun; while a mowing
maclline was still in active operation on the meadows. Messrs. Sawtelle 
and 'Vurtz here conduct a large trade in fresh fish, caught in the lake and 
its outlet, which they pack in ice and haul fifty miles to Virginia City. 
They at first attempted raising stock on these rich mt>adows; but the 
immense numbers of horse-flies an<l gnats which breed in the swampy 
borders of the lake soon compelled them to abandon that business. 
They report that game is still abundant in the neighborhood-ante
lope, deer, elk, moose, bear, and mountain-sheep, as well as smaller 
animals. 

In approaching this basin, the trail passed with the river to the west 
side of the valle.y, leaving the main mountain two or three miles to tlle 
right. This consists of coarse volcanic sandst,one, mostly composed of 
obsidian. Two or three deep canons here reach the valley, showing 
that water once worked powerfully in them, but these are now dry, 
except where springs burst out of tlle sandstone at their very mouths, 
and apparently have carried no water for many years past, except dur
ing the times of most rapid melting of the snow in the spring. In 
examinations maue later by lVIr. Bechler, when crossing westward from 
the Fire-Hole Basin, the upper course of these calion& prove<l to be of 
the same character; here and there large springs burst out, but soon 
disappear again in the porous sandstones, which, in that direetion, form 
the surface of the entire mountain. Passing a little to the north ward, 
older rocks appear on the higher slopes of the mountain and soon form 
its entire face, the volcanic rocks disappearing beneath the valley. 

On the opposite side, these appear again in the higll mountain lying 
directly south of Henry's. Lake, known to us as Sawtelle's Peak, whose 
lower spurs run down nearly to the lake-shore. The rugged precipitous 
sides of tlle peak, without we~l-marked stratification, led to tlw suspicion 
that it might be of volcanic origin, and it was accordingly visited by Mr. 
Taggart and myself. It was found to constitute the eastern an<l north
eastern wall of a great crater, some 1,200 or 1,500 feet deep, whose east 
and west diameter is about a mile and a half, with a transverse diameter 
of about a half mile. The sides are much washed down and the bottom 
filled up; lmt, from the position of tlle portions of what was apparently 
the original wall which are still standing, it is probable that tbe origi
nal crater had very nearly the dimensions above given. The walls con
sist of ragged, cellular, largely amygdaloidal porbpyry, containing crys
tals of q Ltartz, calcite, &c., partly WPathering witll a very rough .surface, 
partly decomposing into a coarse brittle sand, and making very treach
erous footing. Lower down, the slopes consist of very dense, nt>arly 
black, basalt~ The western and northwestern walls were not visited; 
but their style of weathering indicates much softer material than was 
found on the part visited. Considerable portions of the crater, as well 
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as the outer slopes of the mountain, were well covereu with tall pines 
and spruces; while the higher portions bad only scattered and stunted 
trees an<l the crests were entirely bare. though enough dead stems of 
small pines or cedars were found even there to make a small ~igual-fire. 
The small plants of the summit are mostly of Alpine forms. Trails of 
mountain-Hhf'ep were abun<.lant, but the only verteorate seen was a large 
gopher, (~) very distinct from any species of which I have been able to 
find a description, or figure, or mounted skin; unfortunately, he escaped 
my bullet. The elevation of the peak, as indicated by two reading8 of 
my aneroid barometer, is about 10~ 600 feet. 

No lines of outflow were traced down to the plain; but, from the size 
and position of the crater, and the character of the lava of its ]ower 
portion, it is evident. that 1 his was a prolific source of the basalt which 
so many times filled the great plain stretching off to the south and wt•st. 
The isolated cluster of mountains, about half way between this peak and 
the ~and-Hill Mountains, has apparently the same structure, aud may 
have been another source of outflow. The lowest gap in the crater-wall 
of Sawtelle's Peak faees northward; and the principal outflow of lava 
was probably from that point, eseaping thence down the valley of 
Henry's Fork, though other portions may very probably have escaped 
through subterranean passages and cracks in other directions, as is 
frequently the case in those volcanoes whose mo<.lern eruptions have 
given opportunities for the oLservation of their phenomena. The por
tions of the lava next to the mountain and out to the center of the 
valley are aU pretty solid basalt, while the farther side of the valley
deposits, and those which form the slopes of the eastern mountain, con
sist of the older porphyries and volcanic sand~atones. 

The peaks of the westward continuation of the range of which Saw
telle's Peak forms the eastern termination show such structure, as seen 
from a distance, as to indicate that they also are of volcanic origin, and 
may have been other sources of the basaltic outflow. It is not known 
to any of the present inhabitants of the region that any of these vol
canoes have been active in modern times; but Irving, in his Astoria, 
states that Mr. Robert Stuart, a partner of Mr. Astor in the Pacific Fur 
Company, when crossing the mountain-range west of l)ierre's Hole, in 
the fall of 1812, " ohserved to the north west., between Henry's Fort and 
the source of the Missouri, stveral very high peaks covered with snow, 
from two of which smoke ascended in considt>ra.ble volumes, apparently 
from craters in a state of eruption." The location indicate(} would apply 
well to peaks of the range now under consideration. It is hardly to b~ 
~mpposed that so experienced a mountaineer should have been deceived 
by timber-fires, flr tllat such fires should occur near the summits of peaks 
covered with snow. 

Tlle ranges on the north and south sides of Henr~·'s Lake are nearly 
parallel, while the 'Cross-range west of it is nearly at rigllt angles with 
them, thus giving a quadrangular form to the plain, which here termi
nates tlle broad valley of Henry's Fork. From three points it bas easy 
passages to the neighboring valleys and the rt>gion he.voud. From our 
camp on the east side of the valley, Ts ghee Pass, named for an old 
Shoshone chief who was wont to use it, gh·es a smooth road, with very 
gentle gra<.les, into the valley of the Upper Madison. From the north 
end of the lake, a broad, grassy plain, with scarcely a perceptible rise to 
the <.livi<le, abont four miles distant, shows a clear road to Virginia City 
and the Lower Madison. Tllis is called Ra~·nolds's Pass, from hadng 
been used by that officer in his expedition of 1850-'uO, and described in 
his report. Tyghee Pass is also mentioned and mapped in that report 
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as having been examined by Dr. Hayden. From the southwest angle 
of the valley, B.ed Rock Pass a:ffortls a broatl, flat, grass.v openillg to 
Red Rock Lake, one of the ultimate sources of Beaver-Head Fork of 
the Jefferson. This was not visited by us, though seen from a distance. 
It was afterward examined by Messrs. Peale and Holmes, of Dr. Hay
den's branch of the exped.ition. The le-v-els, as decided by the observa
tions of both parties, are as follows: Henry's Lake, 6,492 feet; Tyghee 
Pass, 7,063 feet; Raynolds's Pass, 6,911 feet; Red Rock Pa~s, 7,271 feet. 
The most favorable route for a railroad from Montana to Corinne, which 
is now talked of, is apparently via Raynolds's Pass and the valley of 
Henry's Fork. Down this \alley the grades would be very easy, averag
ing only about 25 feet per mile from the pass to Taylor's Bridge, on 
Snake River, and the cost of grading very slight, while the large valleys 
which open on the east, containing large areas of valuable grazing and 
farming land, would be opened to settlement, and would very soon fur
nish considerable local business. 

The short range on the west side of Henry's Lake shows at base, near 
Sawtelle's ranch, a considerable body of dark born blendic, slaty schist; 
but the mass of the ridge consists of much-folded metamorphic lime
stone, which, in its lower portions, shows a considerable thickness of 
light drab, almost white, rock, which would make very fine building
material. Its higher portions, however, contain very numerous 
thick and thin bands of white, often transparent, quartz, corresponding, 
in general appearance and relations, with the bands of chert which 
accompany certain portions of the Carboniferous limestones in this re
gion. From this character, in the absence of any opportunity to deter
mine its age by tracing- the bed to its unmetamorphosed portwn, I have 
referred it, with very little doubt, to the Carboniferous. Upon the crest 
of the ridge, we found the outcrop of a dike of trap, about 60 feet wide, 
standing conformably between the layers of the limestone, and therefore 
supposed to have been deposited in that relatiYe position before the beds 
were upheaved into their present nearly vertical position. The subse
quent metamorphism of the whole series has obliterated any marks of 
alteration of the adjoining beds of limestone, which we might other
wise have looked for. From the crest of th0 ridge it was evi(}ent that 
the back spurs were of the same general structure and composition at 
the main ridge, at least for two or three miles. 

On the east side of Raynolds's Pass, metamorphic rocks form the base 
and lower slopes of the mountain, while quartzites and lime:::;tones ap
pear near its summit. This structure continues nearly to Tyghee Pass, 
where the upper rocks come down to the level of the plain, for two or 
three miles, and then rise again, exposing the granites., gneisses, horn
blende schists, &c., until we reach the outcrop of volcanic sandstone 
before described. Just west of our camp, at the mouth of Tyghee Pass, 
the lowest of the quartzites is exposed on the bank of a small creek. 
The bedding is nearly vertical, with a strike trending about N. 530 E. 
Unconformably upon the edges of this bed lie about 200 feet of 
a light-drab, impure limestone, of Quebec Group age, from which we 
obtained with difficulty three fragments of characteristic trilobites. 
The dip is about 45° N. 540 E. As we have elsewhere found 
quartzites of supposable Potsdam age lying conformably beneath the 
Quebec Group, we are led to question whether this quartzite may not 
possibly be of still earlier age; but, in the absence of fosbils, there are 
no means of deciding the question. But this ma.y very well be Pots
dam, as I presume it really is, without making it necessary that it 
should everywhere else lie, as here, unconformably beneath the Quebec. 
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.At the quartzite-outcrop, about a fourth of a mile west of our camp 
on Pass Creek, another small creek comes out of the bills by an entirely 
distinct calion. But, on going up the pass about a half mile, the two 
canons unite into one valley, with barely enough divide to separate the 
streams; yet these continue distinct and come from very different direc
tions. .At this point, a stream-terrace of about 30 feet elevation is very 
prominent; but it is not continued out to the main valley. 'Vhat could 
have been the conditions under which these two canons were thus formed Y 
Porphyry appears in place high on the mountain-side at several points, 
and in the stream-bottoms in this junction-valley, but only in the more 
eastern calion, so far as I observed; so that I inferred that the outflow 
of the porphyry had stopped up the original eastern canon, a.ud :filled 
up all the upper vailey; that, in subsequent erosion, the new canon had 
first been worn througl.J the limestones and quartzites to the westward, 
a terrace-like deposit of sand being meanwhile formed at the bead of it 
by the partially-checked stream; and that afterward, when the new 
chltnnel had been cut low enough to reach the old-stream gravel, and 
the porph.vry had been eroded from the main valley outside, the per
colation of water through the gravel of the old channel undermined the 
overlying porphyry and opened the canon anew for the more eastern 
stream. 

The porphyry is now so much worn away from the pass tbat the out
crops of the olrler rocks can he traced. .Above the Quebec group, as 
in the canons of the Teton range, we see the limestones continuous to 
the highest summits. .At one point, tl.Je castellated ruins of the Niag
ara U) limestone, with their intermediate pine-clad hollows, make a 
prominent show upon the hill-sides. The Carboniferous limestones, from 
which a few characteristic fossils were brought by Mr. West, are maiuly 
tuin-bedded; but one heavy bed caps some of the highest points. The 
pass has very little timber and affords a good road. Yet, the largest 
trees seen during the whole season stoo,d near the summit of the pass. 
No notes of their size were taken at the time, but I remember them as 
about four feet through. They all seemed to be dying. 

Ou the Madison side of the range, the porphyry, which appears at 
intervals all through the pas8, is replaced by basalt. The broad bottoms 
are covered with basaltic sand, bearing a thin growth of piues. 'fhe 
streams have in mauy places bluff banks from 30 to 40 feet high, of vol
canic sand, partially cemented into a loose sandstone. As we pass up 
tile valley the tit11 ber becomes more open, and, where uot burned OYP.r1 

resembles the artificial grouping of parks, with avenues opening in every 
direction. There is, however, no turf, the volcanic sand being only 
sparsely covered with a growth of coarse plants, often including much 
sage-brush. Through a broad bottom, occupied by numerous beaver
dams, a large stream, carrying perhaps 80 feet of water, comes in from 
the south, w hicb was afterward traced by 1\'Ir. Bechler to its source in 
them on nta ins, where it grows ra pi dl y trom the large springs eharacteristic 
of the porous volcanic sandstone. The Madison itself was carrying 
possibly 2UO feet of water, sometimes thinl;v spread out in a broad cllan
nel, sometimes narrow and deep, with dangerous boles. Trout were 
shy aud appeared to be few. Antelope and black-tailed deer were seen 
in con~iderable numbers in this park-like region, which continued up to 
the mouth of the upper canon of the Madison. 

The canon is narrow, with loft.y cliff's 011 either band, running up to 
800, 1,000, and 1,200 feet at different· points. Pas~ing up the north 
bauk, our trail lay for much of the distance along the edge of the river, 
on the steep debris-slopes of the mountain. The cliffs consist mainly of 
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columnar porphyry, which disintegrates rapidly, forming · pretty solid 
but very porous slopes, aud so yield numerous springs and form many 
small bogs along the river's edge. Ripe red raspberries were abundant 
along these slopes, but were not seen elsewhere,-! believe, on the whole 
trip. The spriugy character of these debris is apparently the only serious 
obstacle to the building of a railroad through the canon, which bas been 
suggested by parties who desire to facilitate access to the geyser-basins; 
but the disintegrated rock reconsolidates so well that I should antici
pate no trouble from the springs. A noticeable feature of the river 
along ilere is its apparent freedom from freshets ; tile vegetation runs 
dowu to the water'~ edge, and no accumulations of drift-wood were 
observed. Does the beat which escapes so freely in these upper basins 
remove the snows so constantly and steadily throughout the winter 
that no accumulations are left to cause freshets by rapid melting in 
spriug~ · 

The cliff's along the canon at various points are both beautiful and 
grand; hut we resi~ted the temptation to give names to all the different 
points, which is said to have overcome others who have passed this 
wa.v; though Mr. Raymond bas not yet seen fit to publish the names 
for which he would claim priority. (See Christian Union, New York, 
May, 1872, p. 437.) 

We had supposed ourselves the only travelers in this region, when 
sud<lenly we encountered a party of officers and soldiers from Fort Ellis 
and other northern posts, under the lead~rsbip of General Gibbon, who 
had been visiting the wonders of the Yellowstone and geyser regions. 
After a brief exchange of courtesies and information, both parties were 
again on the march, aud we soon emerged from the canon and camped 
at the forks of the river. 'Vbile the main Btream came from the south
ward, yet the real continuation of t.Le valley we bad been following was 
occupied by the stream coming from tlJe eastward with perhaps 40 feet 
of water. As this 8tream had been partially explored by General Gib
bon, who gave us some useful information concerning it, we have called 
it Gibbon's Fork of the Madison. Its valley continues eastward for 
some eight or ten miles, when the depression terminates, the stream 
entering it from the north, where its sources evidently lie high up on the 
divide toward Gardiner's River . . Following directions given by General 
Gibbon, we found, ahot1t, half a mile auove our camp, the first indication 
of our approach to the geyser region, in a cluster of hot springs, which 
have formed a terrace a little back from tile north bank of the stream, 
and from 60 to 80 feet above its level. The water flows from a dozen or 
more different openings, of which the principal one is a pit from 2 to 3 
feet in diameter and 15 feet or more in depth, from which water is 
~jected with constant ebullition to a height of from 1 foot to 3 feet above 
the level of the surrounding pool. The pool itself is of an irregular 
form, something like the outline of a goat·skin bottle, with the spring 
in the mouth of it, auout 200 feet long by from 50 to 90 feet wide in its 
main part, while the narrowest part of the neck is from 10 to 15 feet 
wide. The temperature, at the poiut of nearest safe approach to the 
center of ebullition, was 1460; lOU feet distant, the water escaping from 
the pool gave 1260; while the farthest point of the pool gave 1200. 
The exit flow was rapid, along a channel averaging about 3 feet 
wide by 9 inches deep. This had built up its banks a few inches above 
the surrounding level, and at two or three points the deposit had even 
bridged the stream. The second pool in size was quadrangular iu form 
and measured about 5{) feet on a side. The center of ebullition could 
not be approached; and the water along the edges of the pool gave 
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only Il30. The smaller flows varied from 1100 up to 1340, and in one 
case up to 1500. Several old openiugs along the outer edge of the 
terrace were long since deserted; and the flow is 11ow ouly from higher 
levels farther back. The depm;;it thus r~ppears to stop up the channels 
and so to force the water back until it finds or makes new openings in 
the disintegrating jointed masses of the porphyry which form the 
urHlerlyiug stratum and the hill behind the terrace. At only one point 
is there a strong flow from below: this is on the immeuiate bank of the 
stream, and the temperature, being only 02°, indicates a mingling of 
cold and hot springs. 

The other fork of the Madison ·has from this point been called the 
Fire-Hole River; bnt it is hardly a di:stinct stream, and slwulu more 
properly be called the Fire-Hole Fork of the Mauison. For abont five 
miles above its mouth it passes through a succession of small cations with 
precipitous walls, which reuder the stream inaccessible in most places. 
At one point there is a fine fall of about 30 feet. There are also two 
loug successions of rapids, with many points of artistic beauty. After 
emergiug from. the calion, and getting far enough out in the bottomH to 
clear the timl>er and look back, we found that we had risen so rapidly 
as to l>e now on the len'l of the top of the cliffs on the south side of 
the great calion through which we had passed. on the previous day, 
while tlwse on the north side are seeu to rise rapid.ly from the borders 
of tlle canon iuto a lofty mountain-mass, whose northern slopes must 
give r-ise to some of the head. waters of Gallatin River. 

vVe now come to the stream which Dr. Hayden descended in comirig 
from the Yellowstone in 1871, and which was named to him, b,y his 
guiues, as the east fork of the 1\'fadison. That name has been applied 
to at least three d.ifferent streams. If such a point-of-compass title is 
e\·er proper, tltis should most properly belong to that part of the stream 
whicll comes ont of the Gallatin Mouutains and. joins the .1\fadison nearly 
opposite 'J'yghee Pass. We Pow propose to call the streclm which joins 
the l\1adisou at the lower end of the ge,Yser-basins Hayd.en's Fork, after 
its first known explorer. Here we first met witk the hot springs of 
the lower gesser-basin. One of the first, directly on the bank of the 
riv~r, bad a temperature ot 1D7o. In the mucilaginouR deposit upon its 
sides, Dr. Curtis found. skeletons of diatoms, but no living ones; but, 
for further statements of these microscopieal observations, I mu~t refer 
to his detailed. report. About a quarter mile farther up tlle stream, 
above the first bend, a st.rong spring, boiling intermittently, but rarely 
over a foot in lleight, with a pool about 25 feet long by from 6 to 12 
feet in width, gl::lve a temperature of 2000, the highest found. in the 
whole reg-ion, and. a frac.tiou aboYe the boiling-point theoreticall.v due 
to that elevation. And now we were in the midst of hot springs and 
geyHers, and shortly camped on a wooded knoll which overlooks a con
siuerable part of the Lower Bal';in. We bad expected to meet Dr. Hay
den's party in tllis neighborhood, and soon learned that they had reaehed 
the Bm>in, coming from Bozeman, via the Yellowstone valley, a few hours 
before us, and had pitchetl camp about a mile farther east. Next morn
ing, therefore, we moved over and. joined them. The collections of both 
parties were now packed. up; specimens were gathered from the 
geysers; and Mr. Stevenson started with them, on August 17, for Vir
ginia City, both to ship the specimens aud to procure provisions for our 
return trip. Dr. Hayden's party also statted uown the Madison, on the 
20th, and we were again nearly aloue, thvough a few visitors from Mon
tana were al~o in the Basiu and camped near us part of the time . 
.Among them was probably the first lady who ever saw the geysers
Mrs. Stone, of Bozeman. 



CHAPTER III. 

YELLO\VSTONE FALLS-GEYSER BASINS-MADISON LAKE
SHOSHONE LAKE-MOUNT SHERIDAN-HEAD 'OF SNAKE 
HIVER-JACKSON'S l.JAKE-HETUHN TO FORT HALL. 

During Mr. Stevenson's absence, seven of us made a short trip to the 
Yellowstone Falls and Lake, starting on the morning of the 21st. As 
far as to the forks of Hayden's Fork, we had no difficulty in following 
the trail; but here, among the swampy ground, it spread out so as to 
be very bliud, and we fina11y decided to make one for ourselves,. 
following a northeasterly course. Tlw slopes of the dividing ridge 
are heavily timbered; and, at some point~, we found difficulty in 
forcing our way, though much twisting about was generally t,he extent 
of our trouble. The pack-mule, boweYer, was continually running 
against trees and loosening the rope; so that Aitber "tightening up" or 
'

4 re-packing" was necessary at leaHt twenty-fl. ve timPs, in making not 
over five miles. Upon reaching the crest, we found that this was the 
highest point of the ridge for several miles, being about 8,893 feet above 
the sea; but this we <lid not regret, when we came to view the surround
ing scenery; for we not only enjoyed the sight of a broad expanse of 
beautiful country, but were able to select a route which saved us some 
miles of travel. From tLe summit, we descended directly to the bead 
of a stream-valley which short,ly opened out into broad, grassy areas, 
along which we traveled rapidly toward the main valley. Near the 
head-waters of this little sti:eam, we passed several mud-pots aud warm 
springs, some of the latter showing considerable deposits of sulphur. 
Emerging from the foot-bills, we found that this stream joined the Yel
lowstone south of the Crater Hills; we therefore crossed the rolling 
prairie to the northward, and camped near the mouth of a large creek 
which joins the river just north of the Grater Hills, having traveled, as 
we judged, about twenty-seven miles. Next morning we struck the 
trail near the mouth of the creek, and reached the falls in about eight 
miles. 

Here, there is little to add to the descriptions already puhliBbe<l. We 
examine<J an<l admirerl the canon and fall~ from all the customary points r 
but those of us who descended to the red knob which stauds out in the 
middle of the canon, in front of the lower fall and. slightly above its. 
level, agreed that this was by far the best point from which to Yiew it. 
l\Ir. J acksou's best photographs of the fall were taken from this point. 
Descents to the bottom of the canon below the fall have heretofore been 
made on the east sidP, the slopes on the west side having beeu held im
practicable. But, with considerable <lifficulty, I made a way down, 
often reaching ahea<l with my hammer to cut holes for the next steps, 
and stood at the foot of the fall. The water is mostly broken into drops 
before reaching the bottom, and the air is fille<l with spray, <lriven vio
lently down the canon hy the strong wind crt>ated by the rush of the 
fall. The slopes which are thus kept wet are well covered with grasses 
and flowers, of wllich several species were gathered. This is evidently 
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a favorite grazing-ground of deer and elk, whose tracks abounded, even 
on the steepest slopes. I was here the Yictim of a curious delusion. 
Looking up toward the fall, I saw what appeared to be patches of small 
flowers, of a rich, blue color, closely resembling the patches of brilliant 
blue" forget-me-nots," which ornament the higher crests above us. In 
pursuit of them, [ pressed on until the spray became a drenching rain, 
when suddenly I saw at my feet patches of the same blue; but tbey 
were only sky reflections from the wet rocks! The walls of the canon are 
largely composed. of soft volcanic ashes, hardly cemented, which disinte
grate rapidly; and the slopes are largely covered with sliding masses of 
the sand thus formed. Wbere this is reached by the spray of the fall, it is 
.partly further disintegrated into a bluish-gray mud, and subsequently 
partially cemented into a fine-grained argillaceous sandstone, t:tratified 
parallel to the slopes. These slopes descend directly into the river, so 
that, even at the bottom, the utm.ost care must be used in walking. 
Along the edge of the riYer, several small hot springs occur, which steam 
moderately, but rarely to such an extent as to be visible from the top of 
the canon. I was able to reach but one of these, which bad a tempera
ture of 150°. On the opposite bank, a miniature geyser was in opera
tion ; from the top of a steep cone, about a foot high, a half-inch stream 
was constantly spirting about a foot from the orifice. In ascending, I 
followed the track of an elk, part of the way, and found much less diffi
culty than in the descent. On the cast slope, regular game-trails are 
numerous; and I tilink that most of the animals which graze on the 
western spray-slope approach and leave it by fording or swimming the 
river. · 

T!Je upper fall, though less than one-third the height of the lower, 
appears far grander, by reason of the momeutum of tile mass of water, 
gained while rushing down the rapids which extend about a half mile 
up stream. 

About 11 a. m. on the 23d, we started southward, passing the Crater 
Bills and the Mud Geysers, and camped on the shore of the lake, near 
its outlet, about 5 p.m., the distance being eighteen miles. The trails were 
distinct and tolerably leYel. The soil ht>re is Yery loose and washes 
easily; so that, in many places, tile trails made in 1~70 and 1871 are 
alrt>ady badly gu1lied. This should be considered, in laying out roads 
and trails througb .. the park. 

On most of the early maps of this region, a large lake is represented 
at the bead of the Yellowstone, under the name of Eustis's Lake, a name 
supposed to have been given in honor of General Eustis, of the Engineer 
Bureau. Later, it appears as Sublette's Lake; and uow, for several 
years, it bas been ca11ed by tbe geueral name of Yellowstoue Lake. If 
any law of "priority'' is to bold in geogravhy, it would appear that the 
name of Em~tis slwuhl be again and permanently applied to it, unless 
the original Indian name be ascertained and substituted for all later ones. 
Aside from this general principle o.f priority, there is no doubt that the 
present name is the best; anc.l it has become so generally kuown that it 
is likely to hold. Tile first map which, so far a~ known, represents the 
lake with auytbing ,like its true form is a manuscript one by Jcdediah 
S. Smitb, who hunted through the mountains from California to the 
Britisil PosRessions, during the ~'ears from 1821 to 1830. Tbe ol'lginal 
was purclwsed iu Oregon for the War Department, but is supposetl to 
have never reached Washington. A copy, taken in 1853, exists in tile 
hands of Mr. George Gibbs, of New Haven, Connecticut. 

WLen we arrived at the lake, in the aftP.rnoon, the usual daily wind 
was blowing, and considerable waves were dasbiug upon the beach; but 
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both wind and waves subsided during the night, and both air and water 
were perfectly calm at sunrise next morning. While getting breakfast, 
we heard every few moments a curious sound, between a whistle and a 
hoarse whine, whoselocalityandeharacterwe could notatfirRt determine, 
though we were inclined to refer it to water-fowl on the other side of the 
lake. As the sun got higher, the sound increased in force, and it now 
became evident that gusts of wind were passing through the air above 
us, though the pines did not as yet. indicate the least motion in the lower 
atmoHphere. We started before the almost daily westerly wind, of which 
these gusts were evidently the forerunners, had began to ruffle the 
lake. 

. Grasshoppers were so scarce that we did not succeed in catching a 
single one of the wormy trout for which the lake is famous. 

Reaching the mud-gessers about 10 o'clock, we found the principal 
spriug just ready to erupt, and so were detaine(l only a few minutes. 

Having thus briefly inspected the wonders of the Yellowstone, we 
turned b<lck along the regular trail toward the geyser-basins, and got 
to camp that night by a rather hard march of about thirty-seven miles. 
Considering the characters of ground and timber along this trail, we 
were satisfied that we lost nothing by l~aving it on our outward trip. 

During this time, Mr. Beehler bad gone, with his assistants, to examine 
the divide to the west of the Fire-Hole, and to locate a stream supposed to 
exist in that direction and which bad been mapped as the south fork of the 
1\'ladison. But no snch stream exists, unless it be the short one before 
described as forming in the north face of the mountain, just. east of 
Tyghee Pass. The divide is high and largely eovered with dense tim
ber, mostly young, the old growth having been burued off. Only vol
canic rocks were found, being mostly obsidian sandstones, which are 
very porous. Accordingly, he found but little water. Springs and pools 
occasionally appeared in the canons, but soon sank again. From what 
I saw elsewhere in this neighborhood, I judge that be would probably 
have found more open timber and more water along the spurs than he 
did along the canons. Hollows among and upon the spur~ become par
tially puddled, and so frequently bold water; while the flow of springs, 
constantly wearing their channels, however slightly, is quickly absorbed 
by porous soils. At two points the par~y found small clusters of hot 
springs, some of which spouted a little, but no considerable g-eysers. 
The canons, running westward, finally lead out to the basin of Henry's 
Lake, when'ce the party returned bY- our old trail through Tyghee Pass. 

Concerning the geysers, springs, and pools of the main geyser-basins 
on Fire-Hole Fork, so much has already been written that I propose to 
merely note a few of the more prominent points which especially at
traeted my attention, and which have to do rather with generalities than 
with details, except in case of localities not visited by those who have pub
lished descriptions. Iu thif:l latter case I think it best to be pretty full, 
in orrler that we may reach as far toward a complete description of this 
interesting region as is possible for those who only make brief visits to 
it. It is to be hoped that means will be found, ere long, to locate two or 
three persons here for an entire season, so that, by protracted detailed 
observations, we may obtaiu something like an approximate idea of the 
laws which govern the wonderful phenomena here displayed on so grand 
a scale. 

At onP. point in the lower basin,. near the Architectural Geyser, we 
found masses of volcanic sandstone, perforated by numerous irregular 
boles from a quarter inch to an inch in diameter, which bad evidently 
been dissolved out by the hot waters, in their escape to the surface. 
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Here, I think, we have an example, on a small scale, of tl1e process by 
which the large cavernous pools~ of which so many examples occur all 
about us, have been excavated. It woulu app~ar tilat, iu man.v cases 
at least, the hot alkaline(~) water, as it reaches the ~urface, is not thor
oughly saturated with silica, and accordingl,V dissolves away the walls 
of its orifices, so as to undermine the surroun<ling area, the surface of 
which falls in, until, in many cases, large caverns are excavated. This 
action appears to be limited in two ways: first, the pool may reach such 
dimensions that the quantity of water coustantly supplied bears so 
small a ratio to the wilole contents that t,he whole pool becomes par
tially cooled a~ well as somewhat concentrated by evaporation, and so 
the excavation is checked, if not stopped; aud, secondly, the supply-

.pipe may become almost entirely stopped up, so that barely enough 
water is supplied to make good the loss by eYaporation, in whieh case 
the solution of silica would become supersaturated, ami the silica itself 
be deposited on the walls and bottom of the pool until it be ultimately 
closed again, unless the stoppage of the tube be remoYed, and 
the succession of conditions thus begun again. If, however, tile 
stoppage of the tube be complete, tile silica will soon all be de
posited by reason of the evaporation of the water, and the pool will 
become a dry cav~rn, ex(~ept in positions where it may be kept full by 
the drainage of surface- waters. The large deep pools, howe\·er, are 
generally very hot, showing a constant supply fl'om beneath, and many 
of them are in constant ebullition, though rarely true geysers; indeed, 
I believe that the Giantess, in the Upper Basin, is the sole exception to 
the rule, so far as yet observed; and this is probably in Hs last stages 
aud near extinction, if we may judge by the length and irregularity of 
its intervals. 

The smaller vents vary greatly in temperature, depending apparently 
upon the greater or less fi.·eedom of their connection with the heat
centers below. In some cases they are few and solitary, with litt,Je or 
no deposit about them, as if they had been but recently opened. Again, 
they are in large clusters, of wlnch tile more elevated vents are generally, 
though not always, the hottest. It wonld appear that the com parath'ely 
compact deposit of nearly pure silica, formed by the flowing water, is 
much less readily dissolved and disintegrated, by the bot flow beneath, 
than is the silica of the more porous and pal'tly argillaceous volcanic 
rock which forms the slopes of the hills; so that, when a vent is once 
stopped, it is very rarely re-opened, unless by earthquake-cracking, and 
the chcckeu water is forced backward and escapes at higher and 
higher points on the hill-sides. In the geysers, the tube, being exposed 
to the air at frequent intervals, while it is ;yet dripping with the rapidly 
evaporating water of previous eruptions, receives constantl.v new layers 
of silica, which are but slightly, if at all, re-disso1¥ed by the next erup
tion; and so its size is constantly decreased, until the tube becomes en
tirely closed and a new vent is opened elsewhere. 

In the dusters of small ,·ents~ there is generally more or less sympa
thetic action, showing that they open into some common chamber be
low, but tbat the connecting passages are more or less contracted, so 
that the flow of 8team and watt>r is far from being controlled by the ordi
nary laws of hydrostatics. Frequently a large vent, whether a geyser 
or simply a boiling pool, is surrounded by a number of small ones, which 
are active while it is quiet and quiet while it is aetive. I stood, one. 
morning, upon the mound of Fountain Geyser, iu the Lower Basin, 
whose pool was filled to overflowing, and was watching a vehement 
steam-jet, a hundreu yards away, on the lower slopes of the terrace. 
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Suddenly this ceased, and, at the same instant, Fountain commenced 
playing, throwing a body of water, some 10 feet in diameter, though 
mostly broken into drops, to constantly varying heights of from 5 to over 
40 feet. This continued for about thirty minutes, and then ceased rather 
abruptly; as suddenly, the steam jet commenced ag,tin. About twenty 
minutes later it ceased again, and a small pool, a few yards from 
Fountain, which had been empty before the latter's erupti~n, but par
tially filled by its overflow, immediately began to boil and to spit water 
from 5 to 10 feet high, and coutinued intermittently for a half hour or 
more. During its periods of moderate boiling, the steam-jet opened 
again, but ceased wben the boiling became more violen~. Other vents 
in the neighborhood seemed to have some slight s.vmpathy with t.hese. 
Similar facts were noted elsewhere. Thus, in the Upper Basin, Grand 
Geyser has only a small pool, and erupts only at long intervals. Close 
by its side. Turban Geyser is almost constantly disturbed, and has fre
quent smalljettings of from 5 to 20 feet; but, when Grand, without giv
ing any warning, sprang suddenly into its magnificent eruption, nearly 
200 feet in height, Turban seemed startled into more violent action, 
reachiug 70 or 80 feet, and risiug and falling synchronously with Grand. 
Giant stands, with another good-sized mound, upon a broad platform on 
the river-bank. As I first saw it, water was spirting, intermittently, to 
heights varying from 6 inches to ~0 feet, from some fifteen or twenty small 
ver..:ts on various parts of this platform. When the two large vents began 
to show activity, though boiling to only small elevations, these little ones 
became quiet. When Fan Geyser was in full eruption, its partner, 30 
yards off, was steaming· gently. Fan stopped for a moment, and its 
partner fairly roared with a rush ofstPam, which stopped as soon as Fan 
opened again. Yet they are not in full sympathy; for, on another oc
casion, Fan was steaming or boiling Yery gently, while its partner was 
boiling furiously, and throwing water 5 or 10 feet high, but with quiet 
intervals, during which Fan showed no accPss of force. (Under such 
circumstances, one is inclined to question whether Fan's part.ner may 
not possibly serve as the vent for two distinct geyser-tubes.) The three 
pools which surround Giantess lost much water by her eruption, but were 
not draiued as low a~S the bottom of her pit when that was empty. 

In many eases, however, vents almost side by side show not the least 
sympathy. About 200 feet east of the Steady Geyser, in the Lower 
Basin, which constantly spouts from 5 to 20 feet, Young Hopeful spil.'ts 
from~ to 10 feet high for from sixty-fh~e to eighty seconds, with quiet 
intervals of about the same length. About 60 feet from it, another small 
vent spirts from 6 inches to 2 feet, for from thirty to fort.y seconds, with 
intervals of from forty-five to sixty seconds. Here is evidently no 
sympathy. 

Tlle deposits made by the springs and geysers vary greatly. Where 
the flow is gentle, the deposition generally takes place in thin laminm, 
of thickness varying from that of a sheet of paper to a quarter inch. 
Though, as prP.viously state(l, this is so compact as to be dissolved with 
ditl:icultS from below, yet its thin laminm are readily separated and 
broken by frost, and form a very petuliar fine gravel, immediately rec
ognized after having been once seen, which bas served to indicate the 
former location of bot springs over broad areas which give no other 
evidence of such vents ever having existed. In the small pools 
which surround many of the geysers, we frequently find great numbers 
of apparently water-worn pebules; but, upon brPaking them, we find 
theil' structure concentric, and it becomes evident that they have grown 
by constant surface-accretions, while the frequent agitation of the pools, 
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by water falling from the geyser-jets, has prevented their being cemented 
to the b6ttorn, anu has at tl1e same time aided in keepmg them smooth. 
Where these are few, so as to have plenty of room for rolling, they are 
commonly quite regular, and often nearly spherical; but, where they 
are numerous and crowded, they wear each other quite irregularly, ~o that 
polyhedral forms abound. Often, while the lower portions are thus poly
hedral, the exposed upper surfaces are quite regularly spheroidal. The 
original centers of concretion seem to have beeu very minute fragments, 
broken from the surfaces of the geyser-cones, probably by the rnsh of 
the eruption. In some cases, the upper surfaces of these concretions are 
pearly, in others they are beaded; occasionally thew bole surface is beaded, 
or is covered with prickly points. These surfaces are also frequently 
deposited upon fragments of the laminated material which may have 
by any means found their way into these crystallizing baths. These 
pearly and beaded and prickly surfaces are also individual characteris
tics of the deposits of different geysers, and Yary greatly in detail. 'l'he 
immediate orifice of a geyser is almost universally beaded, and this 
character exteuds to greater or less distances from it, according to the 
distribution of the falling water, surfaces frequently thus washed or 
sprinkled being almost universally of this character. Such surfaces, on 
the contrary, as are frequently bathed in steam, without much spray, 
are nearly always pearly, as if the steam itself carried enough silica to 
form the extremely thin layers which are essential to pearly luster. 
This is commonly the character of the upper surfaces of those coral-like 
growths which form along the borders of many of the quiet hot pools, 
while their lower surfaces are covered with prickly points. In nearly 
every pool, except where ebullition is so strong as to break up such ten
der tissues, we see gelatinous vegetable forms allied to mycelium, or 
the "mother" of vinegar, sometimes in broad, thick sheets, sometimes 
in thick branching forms, resembling sponges, sometimes in long waving 
fibers. The former kinds are generally either green or rusty brown; 
the fibroqs forms are generally pure white. These are very common in 
the rapidly-flowing outlets of the hot pools, and are continually repro
duced as these channels fill up with newly-deposited silica; so that, in 
breaking through the ernst, we often find lamime filled with molds of 
those fibers, and sometimes to such an extent as to closely resemble 
silicified wood. 

From our camp on the east side of the lower basin we saw on several 
occasions tall columns of steam rising from near the foot of the ridge 
on the extreme western side of the basin, but at first referred t.hem·to 
the cluster among which we had camped on the evening of our arrival. 
But upon examination we found a considerable stream coming from west of 
the Twin Buttes, which bad not been seen by previous explorers, and 
whose valley included a cluster of large geyser-mounds, from which these 
columns of steam must have escaped. Though this group was visited 
on three different occasions, none of us were so fortunate as to witness 
any eruption from these vents. On entering t'be valley from below, we 
see before us a range of four large mounds running diagonally across 
it. The two central ones are the highest, and appear so much as if they 
were guarding the upper valley that this was called Sentinel Branch. 
Approaehing this row from the east, the first spring observed is upon a 
low mound, near the foot of the spur which separates this va1ley from 
the main one. It is a deep oval pool, whose two diameters are about 
12 and 15 feet, with a beaut.ifully-scalloped edge, not raised above the 
general surface of the mound. The temperature is 198o, and this is 
probably a ge.vse~. Several small vents also appear on this mound, bnt 
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no other is important. A little to the left, as we advance across the 
vallP-y, npon a very fiat mound, we find a cluster of four large and sev~ 
eral small vents. Tlle beady ueposit about them is very pretty. One 
of the larger vents avparently spouts moderately, though not frequently. 
The temperatures vary from 191° to 193°. A tew rods farther on, we 
come to a truncate(} conital mound, rising abont 22 feet above the crl'ek, 
on whose bank it stanus. Upon the summit is a shallow, nearly circu~ 
lar, pool, about nine feet across, bordered with an exquisite frilled edging, 
from four to six inches high from the surfaee of the mound. From this, 

· three or four small stream'S flow over the edge and down the side of the 
mound through deeply-imbedded channels. This appears to be a strong 
spouter, and is probably the source of the tall column of steam before 
mentioned. The creek cuts into the base of the mound on the north 
and west sides, and will probably before man,y years cut into the central 
tube and cause the eruptions to take a horizontal uirection, as well as, 
or instead of, a vertical one. The temperature is 198°. A few rods 
farther, on the west side of the creek, stands another mound of the same 
form, but from two to three feet lower, and its pool is a little less regu~ 
lar. It has also a small conical vent just outside the pool. This has 
probably been a strong spouter, but I think that it does not now erupt; 
temperature, 197°. The ornamentation about these two pools appeared 
to me, as well as to others, to be the most beautiful of any in the whole 
basin. Still going westward, we find, in the extreme edge of the valley, 
on the top of a low mound, a cluster of four vents, from one to two and 
a half feet across, quite irrt>gular in shape, and.all boiling too violently 
to allow one to take the temperatures. All were surrounded by bead-like 
incrustations. I judge that they all spout moderatt>ly. Along this 
western side of the valley, the base of the hill is .thoroughly saturated 
by the flow of very numerous cold and sliglltly warm springs. About 
a quarter-mile abo\·e the mound:::~, we found the creek flowing rapidly in 
a narrow deep channel with muddy banks, and not easily crossed. Its 
temperature of 52°, and the entire absence of the siliceous fragments 
elsewhere so abundant, satisfied us that no hot springs exh;t in the upper 
part of its valley. Returning to our former crossing, between the high 
moundH, we turned south along the east side of the valley. Here is a 
low mound on the foot of the spur, which had shown only tbe smallest 
whiff'-, of steam, and had been supposed to be nearly extinct; but, up·on 
approaching the vent, we found a deep basin, apparently hollowed out. 
of dark basalt, but really lined with a smooth-surfaced dark reddish
brown siliceous depo~it, made by the spring itself. This is very different 
in color from any other known in the whole Fire-Hole Valley, and was 
called the Iron Pot. It was boiling moderatt>ly at about six feet below 
the surface, when first seen, but afterward filled nearly to the surface. 
Its temperature could not be obtained. The form of the pool is ovate, 
about 7 feet by 5 at the lowest level seen, and expanding above to about 
10 feet by 7. Though it may often fill its pool, it probably does not 
spout much. A hundred yards farther south, along the foot of the 
spur, there is an irregularly-oblong, steaming pool, about 100 feet by 30, 
and from 15 to 20 feet deep, with two or three deeper pits. At the east 
end it boils constantly and sends off dense clouds of steam. Along the 
edge at this end, the ordinary pearly-beaded dl:'posits are abundant., while 
a few illches within the rim, and sometimes attached to it, were numer
ous col'al or mushroom-like forms with broa<l tops expanding 1rom a 
slender base. The portions of these forms which are toward the steam, 
and so are constantly moist, are covered with small points, re
minding one of the polyp-cells of tlw Madrepores, while the oppo-

• 
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site sides, which must be alternately wetted by the steam and 
spray and dried by the wind, haYe the beautiful pearly luster, 
partly due to the thin lamination of its structure and partly to the 
opaline composition of the material. The west end of the pool is. shal
low, and the water flows from it to the foot of the slope over broad and 
shallow terraced stepf:l, resembling the deposits of the calcareous springs 
of Gardiner's River, though on a much smaller scale. The main pool 
nowhere showed a higher temperature than 187o, but a little vent two 
feet from its rim gave 19 . .~0 • Several small pools and vents were noticed 
in the adjoining timber, but none that deserve special mention. 

Though this whole valley is more or less miry, yet its luxuriant 
growth of grasses and other forage-plants attracts the game. whose trails 
abound in every direction; and this is probably the best location for a 
ranch that can be found in the Lower .Basin. The camping-ground on 
the east side of the valley is low and damp, so as to be unhealthy for a 
prolonged stay. If a hotel were to be located in the region, the best 
place would probably be on the foot-hills on the east side of the river, 
between the Lower and Upper Basins, since col<l springs and abundant 
forage within easy reach would tlwre be combined with dry locations for 
building, while tlle wonders and beauties of either basin would be but a 
short distance off. 

Most of the cold ponds found at intervals throughout the valley are 
plainly extinct hot springs; but, among the timbered bills about a half 
mile southwest of the White Dome Geyser, there is a large one which 
is not of this character. It bas no outlet. Just south of it is another 
hollow, once occupied by a still larger pond, of which only a small pool 
now remains, while the old bottom is covered with a very luxuriant· 
growth of grasses and sedges. 

Between the two basins, H.abbit Branch enters the river from the· 
east, with a strong flow of hot water. The whole of its short valley is 
:filled with warm and hot springs. The principal one, at the head of the 
northern for.k, a large steaming pool, reaches 148o, and is not surpassed 
by any of its neighbors. About the forks of the stream, a considerable 
cluster of steam-vents, pools, and mud-pots give various temperatures 
up to 1860 and 192o; yet, as a whole, the group shows bnt little aetivity. 
Steam-vents and small pools run far up the side of the mountain. At . 
the head of the southern fork, separated from the last group by from 200 
to 300 yards of timber, is a cluster of mostly small springs, which shows 
rather greater aetivity. The principal vent is ~itnated under the pre
cipitous bank, and is apparently working backward by undermining the 
overhanging rock. Large masses have already slipped off and fallen into 
the narrow pool, so as to greatly interfere with the free motion of the 
water; and, accordingly, though steaming and boiling furiously, it 
spatters only a short distance. It was iu1possible to reach the boiling 
center; the nearest accessible part of the pool gave a temperature of 
1920. Crossing the spur to the southward, we found, instead of a broad, 
flat valley, like the one we had just left., a narrow, steep ravine, partly 
with precipitous sides, at only oue point of which did we bee slight indi
cations of warm springs. There was, however, an abundant flow of cold 
springs, fully equal in volume to that of tlle ltot sprmgs of RabbJt 
Branch. As no difference was noticed in the rocks of the two hollows, 
we could refer their difierence in form of erosion only to the solvent 
power of the hot waters. 

As we approach the Upper Basin, we find con~iderable stretches of 
swampy fiats, now nearly destitute of any signs of bot-spring adion, 
but probably occupied by such springs in former times. ln the Upper 
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Basin, we find fewer of the mire-holes which render travel difficult and 
even <.langerous in some parts of the J.Jower Basin. The surface is made 
up largely of the t.hinly-laminated sinter, broken up by frost and ~un, 
and partl.v of the clay left behinu in the uisintegration of the volcanic 
rocks and the removal of the silica by the hot waters. 

The larger geysers, so far as yet known, are clustered within a rather 
limited area, so that one can generally watch three or four at once. The 
different ones have very different periods of eruption; and, in many, 
the successive intervals of any one vary considerably. The violence of 
eruptions also varies greatly; but no law of connection between relative 
violence and length or interval has yet been determined. 1\:Iany of the 
geysers erupt without any noise, other than the mere rush of water and 
steam; but the eruptions of several of the larger ones are constantly 
accompanied by violent regular pulsations, audible to a consiuerable 
distance, and shaking the earth for many· rods, as if a fifty-thousand
horse-power steam-pump were in full action down below. In one erup
tion of Giantess, five or six pulsations were heard before the water be
gan to ri8e. Their rate was at first seventy-three per minute, but 
slightly decreased toward the close of the eruption. One eruption of 
Grand started with seventy-two pulsations per minute, which decreased 
to seventy, in the course of twenty minutes, and became fainter and 
fainter. Another, of the same geyser, started at seventy-three per min
ute, slowing gradually. In most instances, these pulsations cease when 
the flow of water ceases; but they were once observed to continue for 
some minutes after the openjng of the final rush of steam. This escape 
of steam often comes with greater velocity and noise than that of the 
water, and is really a part of the eruption, though generally not so con
sidered. 

The erosion effected by the erupted water is generally very slight, 
being confined, even in case of the most abundant flow, to the channels 
by which the water escapes and to the space immediately about the 
vent, where, however, the sinter is generally very compact, and is in
creased by deposition from evaporation rather than eroded by the fall
ing jet. In the case of Fan Geyser, the main jet, instead of being ver
tical or nearly so, escapes at an angle of about 600 with the horizon, 

· and the falling water has hollowed out the disintegrating sinter quite 
deeply for a space of about 115 feet from the vent. 

In some of the shallower hot pools, we find beautiful rosettes of sin
ter, of variable thickness, slightly attached to the bottom. In their 
earliest stages, these are extremely thin, and from the lower side small 
spiny processes fall to the bottom, much like the rooting-processes of 
the bryozoans, or the roots which depend from the branches of the 
mangrove and the banyan. Judging by their general appearance and 
conditions, these probably originate as fragments of very thin pellicles 
formed b.Y evaporation upon the very surface of the pool, and, broken up 
by the wind, each fragment tends to sink; but some of them escape that 
fate, and more material accumulates by evaporation upon their wet edges, 
so that they become basin-shaped antl float securely. I cannot accouui 
for the basal spires, about which a solid pedestal finally acenmulates, ex
cept by supposing that they hav~ central nuclei of the small fibers of 
mycelium, which are floating in all these pools in greater or less abun
dance. 

With the exception of these low-grade vegetables, and the larves of 
Helicopsyche, found by Mr. Taggart in water of temperature of 1800, we 
saw no evidence of the existence of living forms in these very hot 
pools. 
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A small stream, carrying, perhaps, 15 feet of water, enters the river 
from the west, just below the mouth of Iron Spring Creek. It rises far 
up on tile western divide. About a half mile up from the river, we enter 
a sharp, narrow calion, along which small hot springs still occur, and 
ani \·e, in about a half mile farther, at a fine fall and cascade, some 80 
or 90 feet high. The chief interest of the spot is in the inclined bedding 
of the volcanic sandstone, which dips ~trongly to the southwest. So far 
as I coul<l judge, this was not consequent upon disturbance and up
heaval of the bed~, but upon the slope of the surface upon which 
tlJe materials were originally deposited. Upon the west side of Sen
tinel Branch, I found westerly dips, and upon the divide, toward 
the Yellowstone, northeasterly dips. Though the question cannot pos
itively be decided without many more detailed observations, yet I am 
strongly inclined to helieve that we have at these points remnants of the 
outward slopes of a huge crater, whose central area was large enougll 
to include most if not all of the beat-vents of the two geyRer-basins. 
Possibly there was a central cross-division betw~en the two basins; but 
I noticed no decisive dips thereabout. On the foot-bills of the east
ern ridge, perhaps a hundred and fifty yards southeast of Giantess, 
westerly dips occur, which, according to the above supposition, must 
represent the internal slope of the crater. 

1\Ir. Stevenson returned from Virginia Cit.y with supplies on the last 
day of August, and we started upon our return-trip the next day. Stop
ping one day in the 1!pper basin, to make our final ob::;erYations upon the 
geysers, w bose like we expected to see no more for years, we again 
moved so nth ward on September 3. 

Abo\Te Old Faithful, which is recognized as the last large geyser of' 
the upper basin, there are only a few hot springs, mostly small, includ
ing one smaJl geyser. The valley soon narrows to a deep, impassable 
ca~on, with perpendicular walls of trachyte, with nearly vertical dips 
and east and west strike. The trail is here forced to the top of the 
bank, following the east side of the calion, and, in the next half mile, 
passes close by a set of beautiful cascades at the head of long rapids. 
The principal fall is 30 feet high and 40 feet wide, with a side jet about 
5 feet wide, like a mill-tail. The water was about 1 foot deep on the 
crest of the fall. Fifty yards below, all this water is forced through a 
passage only about 5 feet wide, and rushes with great violence into a 
deep, still pool below. From a rocky point directly in front of the fall, 
there arc fine views up and down the raYine; and it is well worthy of 
a visit from all who would see the beauties as well as the wonders of the 
geyser-basins. The main fall much resembles the Middle Fall at Trenton, 
New York. From this point., the parties of 1871 turned across the divide 
toward Yellmvstone Lake. The rapids above the fall are moderate, and 
the banks spread out into a fiat bottom, much of which is swampy. To 
avoid thi~ S\rampy ground, the trail, which here crosses the river, turns 
up over the bounding range of hills on the west. lu the hollows, we now 
find many small ponds covered with lily-pods; but only a few of the 
yellow blossoms appeared. A few of these ponds have small outlets, and 
small but apparently constant supplies of water, but most ·of them are 
entirely inclosed by hills. The surface is here densely timbered, but 
mostly with young growth. 

These hills soon approach the river again, which bas here a very 
narrow valley. This, however, suddenly widens again into· a third 
geyser basin. The first intimation of hot springs, if we follow up the 
river-bank, is a strong column of steam appeariug among the timber 
on the east side of the valley, just as we enter the basin. Mr. Taggart 
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visited this vent and reported a boiling pool, temperature 19oo, over
hung by rocky banks, which showed no signs of spoutiug. As we 
emerge from the timber on the we~t side, we find the lower angle of the 
basin occupied by an area of hot springs, perhaps 500 feet long by 250 
feet wide, with the usual floor of disintegrating silicious siutcr, and 
containing numerous vents, mostly active. Near the center of this area 
stands the chimney of a single geyser. This is a dome-shaped mound, 
averaging 15 feet in diameter and from 11 to 14 feet high, completely 
coyered with most elegant varieties of the pearly beads before described. 
It is striped vertically with bands of white, dark-green, brownish black, 
and various shades of yellow and orange, the white being ordinary 
geyserite, while the other colors are apparently of purely vegetable 
origin. Ou the north side of the dome, where the main flow from the 
eruptions is now generally scattered, the geyserite has also a beautiful, 
delicate pink tinge. The summit of the northwest side, as seen from 
the northeast~ is ornamented with a fine profile of a mild-featured 
human face done in the bead-wo·rk. The top of the mound is perforated 
with numerous small three, four, and five-angled apertures, and a single 
larger one between 2 and 3 inches in diameter. In eruption, this larger 
openiug throws a stream from 20 to 50, and even to 70, feet in height, 
mostly in drops with much steam. Though the amount of water ejected 
is small, yet tlle force is very great; and, in this respect, the eruptions 
much reminded us of those of the Castle Geyser. Its highest jeti3 are 
generally about the middle of the period of erupiJi.on. Eruptions take 
place at somewhat irregular intervals, but generally a.re about two hours 
apart. During: such as were carefully observed. there was first a period 
of violent activity, continuing from three to four minutes and ceasing 
snudenly; then, a quiet interval of from eleven to twenty-four minutes; 
then, a second active period of from ·[jwenty-three to twenty-six minutes, 
closing gradually wjth a rush of steam and occasional water-jets. The 
small vents spit furiously all through the eruption, their jets reaching 
3 feet or more in height when the main jet was at its culmination . 
.1:\bont 10 yards off, on the platform, a small vent is in sympathy, but is 
so nearly stopped up as to be generally overlooked. I think it probable 
that this was wider in the younger days of the geyser, and has become 
stopped up equally with the latter. It is evident that eruption at this 
point must soon cease, unless the great force developed beneath shall 
be able to break away the upper part of the dome. It is more probable, 
lwwever, from facts observed in the other basins, that a new vent will 
be opened and a new mound built. I could not obtain the temperature 
of the water of the geyser, since the water, except just before and 
during the eruption, retired below the surface-openings; and we had no 
self-registering thermometers with wllieh to measure it~ heat from a 
safe distance. The surrounding springs, which are nearly all boiling, 
ga\e temperatures varying from 18G0 to 192°. The general elevation 
of the basin is about 7, 770 feet, at which the theoretical boiling-point is 
about H)So. The single geyser of the basin was called the Solitary. 

This small basin spreads perhaps a half mile from the stream, and 
includes, near its northwest corner, another cluster of hot springs, some 
of wbich reach lSGo, surrounded by variously-colored deposits, including 
some sulphur. Toe trail of our main train entered tbe basin at tllis 
point. The central part of the basin shows the vents and deposits of 
numerous scattered springs, mo.st of which are nearly or quite extinct, 
only a few of -them still l>oili11g. 

A small stream, which comes in from the west near onr camp, has a 
fiue cascade, 130 feet high, about a quarter mile from the ri\'e!'. lts 
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snpply apparently comes fi·om. the flow of the numerous small ponds 
a:uoug- the hills before mentioned. 

Showers for two days bad softened the soil so much that portions of 
ground immediately about the springs, which are perfectly safe in dry 
weather, were now too soft for :passage, often letting one down a foot or 
so, and that, too, in places where at that depth one was likely to find. 
scalding-lwt mud. Fortunately, no serious accide11ts occurred. 

After a short interval of timber, another small meadow-like basin 
opens to v-iew, occupied by a few small warm springs of no importance. 
Ag·ain the mountains close in; so that the stream flows for nearly a. 
mile through a uarrow rocky canon, with sharp ridgt>s rising from 1,000 
to 1,~00 feet high on either side, down whose almost precipitous elopes 
beautiful cascades rushed to the river. The banks are mostly composed 
of obsidian sandstone in tumbling masses; so that I had great diilicult.y 
in leading my horse through it, while the train was obliged to climb 
over the bounding ridge on the east. The strata are mostly upturned. 
at various angles through the canon, but become more nearly horizontal 
at its upper end, where we approach the level of the last flat basin 
about the head of the river. Mr. Bechler reports a large amphitheater, 
rPsernbling a crater, passed by the train as-it reached the top of the 
ridg·e on tlJe east side of the canon. 

The basin surrounding the hPad of the river is occupied by quite a 
large meadow, tolerably dry in the middle, where tile stream winds 
along, but very swampy all aroulld its borders, where numerous cold 
springs escape from the rocky hills. The ~ites of a few old bot spriug·s, 
long since extinct., are marked by patches of the much-disintegrated 
white geyserite, now mostly buried under the tall grasses and sedges 
which cover the meadow. A small lake, coyering perhaps sixty acres, 
occupies the southern end of the valley, where it beuds to the eastward; 
and, as the ultimate lake-source of the :Madison RiYer, is the only proper 
possessor of the name l\Iadison Lake, which has heretofore been applie(l 
by the hunters to a large sheet of water upon t,he other side of the 
divide, under the mistaken idea that it was the head of this river. The 
lake once occupied the entire extent of the basin, haYing then covered 
a cur-ving area about two miles long by about a half mile wide, but has 
been mostly drained by the erosion of the last canon. The terrace
borders of the old lake are faint,Iy indicated at some points, but not so 
plainly that their elevation could be de:fiuitely determined. The present 
border of the timber, from 20 to 30 feet abO\~e the F;tream, in the lower 
part of the basin, marks the lowest le,·el at which the lake stood for 
any considerable time. Though the basin recehTes only three small 
brooks, supplied by the banks of snow which constantly rest upon 
portions of the divide, yet the main stream, where it leaves the basin, 
carries a good body of water, mostly supplied by the large springs 
already mentioned. Some of these are large pools, from 10 to 20 feet 
across, with a strong :flow of ,-vater boiling up from buneath, sometimes 
through quicksand, sometimes through numerous large openings in the 
stiff clav bottom. 

A storm of mingled snow, sleet, and rain detained us here for one day, 
September 5; but next morning it cleared, the snow rapidly melted, 
and we went on. Our hunter, Frank :Mounts, bad reported a valley 
a b t two miles south of us, through which a stream flowed westward. 
Ac1:ordingly, while the train moved about three miles nearly due east, 
to a new camp on Shoshone Lake, l\Ir. Bechler and I crossed the south
ern divide to the bead of the newly-reported rh·er. "-T c found it to be a. 
large stream, formed, within a short distance, frow the abundaut flow of 
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numerous large springs bursting from low down in the sides of a high 
plateau of very porous volcanic sandstones, which we afterward found to 
extend for several miles to the southward. This was evidently the head 
of one branch of the stream crossed and camped on by us on the even
ing of .August 3, as we wen~ ascending the valley of Henry's Fork. In 
the absence of any prior designation, I have called this Bechler's Hiver. 
Its upper course is among deep ravines, with sharp slopes; but well 
timlJered, for some six or eight miles. It then passes through a rather 
narrow calion, with bare, precipitous walls, whose extent was not de
termined, and emerges into a lJroad, grassy basin, which reaches nearly 
to our lower crossing-place. 

The snow lying among the timber gave us an opportunity of observing 
the game-trails; and we were surprised at seeing so few. A few miles 
farther east, game is very abundant. 

In crossing the divide eastward from Madison Lake, the western 
slopes are quite steep, and porphyrHic obsidian sandstone appears in 
heavy rounded masses, but sliglltly disintegrated. On the eastern face 
the slopes are much more easy, and the rock is much disintegrated into 
a very loose, spongy soil, which, where the timber has been burned 
from the upper spurs, makes very slumpy traveling, at least in wet 
weather. 

Descending the valley of a small but rapid stream, the principal 
affluent of this part of the lake, the trail crosses a considerable area of 
bot springs and geysers, to a good camping-ground on the edge of the 
marsh~ which here prevents easy access to the immediate shore of 
Shoshone Lake.* 

If we bad not been fresh from the wonders of the Great Geyser
Basins of the Fire-Hole Fork, we should have considered the phenomena 
now about us as extremely grand and beautiful. In beauty, indeed, 
these springs are probably unsurpassed; but the geyser-eruptions ex
hibit much less force than those we had just left. Still, I consider it 
desirable to make the recorded descriptions of all these phenomena 
prett.y full, and will therefore give a general description of the Yents of 
the 8hoshone Lake Geyser-Basin. The area occupied by active springs 

* This lake was seen by Dr. Hayden in 1871, w.hile he was returning, with a small 
party, from the Fire-Hole Basins to Yellowstone Lake, but at a point some miles east 
of this camp. His guides informed him that the name Madison Lake had been applied 
to it by the hunters, and that it was considered the head of a fork of the Madison River. 
On t be strength of this information, in the absence of an opportunity of explming it suf
ficiently to verify or disprove the statements, the maps of last year's report give the 
name as Madison Lake and show a stream which was supposed to connect it with the 
Madison River. Its connection proving not to be with the Madison and Missouri, but 
with the Snake and the Columbia, it became at once a question whether the old mtme 
should any longer be used for this body of water or should be transferred to the true 
lake-source of the Madison. This latter course was unanimously decided on. The 
latest published map of this region, for many localities the best, and supposably the 
best for this particular neighborhood, smce the author claims to have traveled here, is 
one recently compiled by \V. W. DeLacey, of Helena, and published by G. W. & C. B. 
Colton, of New York, (edition of 187·2.) This shows a so-calledMadisou Lake, a so
called DeLacey's Lake, located some miles west of the head of the Madison and about 
fifteen miles long, and still a third, called Lake Bessie, all three of which we were ulti
mately obliged to identify with the body of water now before us. It has, therefore, 
been considered whether we should adopt either of the two latter names. The last, 
Lake Bessie, was at .once rejected, as having been originally proposed for the lake long 
known to the hunters of the region as Heart Lake, for changing whose name there 
was and is no valid reason .. The numerous and outrageous errors of the ma.bow 
that neither as discoverer nor as mapper of this lake has Mr. DeLacey any claim to a 
perpetuation of his name; and, since the lake occupies a position entirely difierent 
from that assigned to DeLacey's Lake, we have decided to drop that title, and t0 call 
this, i n onr maps and reports, Shoshone Lake, as being the bead of one of the pri~i-
pal forks of the Shoshone or Snake River. . 
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(\xtends up the stream on both sides about a half mile. In the upper 
edge of the narrow belt of timber which separates the spring-area from 
the lake-shore, is a small mud-pot, whose borders were ornamented 
with exquisite cock'scomb-like deposits of a bluish-gray geyserite, con
taining sufficient clay to give their pointed tips far more toughue:5s 
than their form would lead one to expect. These forms have not been 
seen at any other poiut. · . · 

About fifty yards west from this point stands the most important 
geyser of the basin. It has now three vents, standing closely in a ro~, 
each of which has built up .a small mound, beautifully bea.ded without 
and pointed within. The eastern vent has an irregularly-oblong open
ing, about 2 feet long and from 8 to 12 inches wide; its mound is 
about a foot high, and stands upon a base of about 3 feet by 4. The 
central mound is about 5 feet in diameter at the base, and about 3 feet 
high, with a deep central, triangular opening, measuring about 30 inches 
on a side. The western one is about 1 foot high, on a base of about 
20 by 30 inches, with two small openings about 2 or 3 inches in diame
ter. These stand in the mouth of an old geyser, once probably of great 
power, though now nearly inactive, of wbieh there remains a deep pool 
about 8 feet wide by 12 feet long, in which the surface of the water 
during our stay at this camp was about 3 feet below the top; but it 
evidently overflows at times, and it is possible that it still sponts 
occasionally. It showed no sympathy with the present vents during 
their eruptions. The section of the layers constituting the old monlld 
is well shown in the walls of this pit. During eruptions, the west vent 
spouts a little water, 2 or 3 feet high, for from 1 to 2 minutes, and then 
yields a moderate flow of steam. Meanwhile, the center vent is throw
ing a very powerful jet from 70 to 90 feet into· the air, which, after about 
5 minutes, gradually gives place to steam, the mingled steam and water 
giving the highest jets. The east vent, spouting from 10 to 50 feet, 
throws a solid body of water for about 10 minutes, when the whole 
supply of water seems to be exhausted, and the rush of steam from all 
tlw vents becomes more violent and continues some 40 to 50 minutes 
longer, gradually declining, however, though with many spasmodic 
renewals. A small flat opening in the space between the central aml 
western vents gives exit to a little water while the geyser is prepariug 
for eruption, but takes no part in the eruption itself. We called this 
Union Geyser, because of its combination of the various forms of ge.)
seric action. Its temperature, immediately before eruption, was 1980. 
Its periods of eruption are irregular, and no law of irregularity was 
ascertained. An eruption was heard by the men on gnard on the night 
after our arrival, but the time was not noted. The first recorded. one 
began at 10.28 a. m., and continued, steam and all, 47 minutes. Its 
highest jet reached the elevation of 92 feet. The next beg·an at 1.5.3 
p. m. on the same day, reached 70 feet in height, and lasted 56 minutes. 
Still another was beard at 10.25 p. m., but no further time observations 
were recorded. 

About this spot, there are several quiet and boiling springs; but 
none of the latter spout more than from 1 to 3 feet. Passing up this 
side of the stream, however, for about a hundred yards, we tind, just 
above the point of thP. bill upon our right, the first of a group of larger 
Yents, of which several seemed to us to deserve names. This, which 
was called the Minute Man, has built up a mound about 4 feet high and ' 
from 1~ to 1!> feet across, beautifully ornamented with uead-work an(l 
witil the sharp points which usually accomwmy the more frequent aud 
almnddut flow:s of water. This ornumcutal work spreads fur Ul'you<l 

.. ~ .. 
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the mound, covering an area at least 40 feet across. Just behind the 
mound, and at its immediate base, there is a large ornamented openiug, 
which pal'tly fills before eruptions, but is emptied by .them. Mueh of 
the ejected water falls in snell a way as to flow back to this reservoir, 
so as to keep up the supply necessary to the eruptions. These occur 
pretty regularly for some hours, at intervals of from 2 to 3 minutes, but 
gradually decline in force, until the supply of water becomes exhausted. 
1'ben the geyser ie silent for several llours, until all the crevices, as well 
as the surface-pools, arc again filled with water, when its eruptions 
recommence with ' much violence, the jets then reaching altituues of 
from :)0 to 40 feet. These again decline, and the series of phenomena 
is repeated. As water gets low, the back pool sometimes receives some 
of the steam-pressure and spout~ from 5 to 8 feet. At one point 
on the top of the mound. tllere are some small sulphur-vents, which 
seem to be entirely disconnected with the water-pipes, hut maintain 
communieations of their own with the volcanic laboratory beneath. 

About GO feet farther on, Shield Geyser has an ornamented mound 
about 15 inches high, which incloses a sbieJd.shaped opeuing, measur
ing auout 8 feet on each of two sides and 7 feet on the third, at the top, 
but narrowing to 4 feet on each of the two sides and 3 feet on the third, 
a little lower, at what was water-level when I measured it. This spouts 
moderately at intervals of a few hours, but no special notes of its erup
tions were taken. By its side its partner bas an irregular opening 
about 8 feet long and varying from 10 inches to 3 feet in width. These 
vents exhibited no sympathy with JHinute 1\-Ian. Their temperature is 
lf)OO, 

Between Shield Geyser and the foot of the hill, Rosette Spring has a 
tJiangular basin witll sideR of about 15, 20, and ~5 feet, in whose shal
low waters form many most perfect specimens of the beautiful thin
leaved rosettes already described as occurring in the Fire-Hole Basin. 
The muddy bottom of tllis spring contains much sulphur. 

A little rocky knoll intervenes between this and tlle Bulging Spring, 
which eYery few moments gives vent to large bubbles of st<:>am, which 
raise a cousideraule part of its surface from 1 foot to 3 feet, with a 
bulging sound like that of liquid escaping from the bung of an over
turned barrel. 

Forty feet ueyond, the Soap-Kettle keeps up a furious boiling of col
ored water, more or less covered with foam, looking like dirty soap-suus. 
Its basin is linecl with a yellowish-brown deposit. This has probably 
heen a strong spouter, but now erupts only at long intervals, if at all. 
Its mound is about 8 feet across, aud is still 1 foot high, though disin
tegrating. 

Forty yards farther, the Black Sulphur Geyser bas three vents, in 
small <lark-colored mounds, which almost constantl.Y spit, but do 110t 

spout much. .An abundant black sulphurous deposit is formed. along 
t!Jo run from these vents. 

The Twins are two small symmetrical vents, from 4 toG inehes across, 
in a small mound which stands uack against the foot of the bill. They 
spout rarely and to but small elevations. 

Several boiling springs oecur at short intervals along the bottom . 
.About seventy yards farther on, a flat mound includel'l two large flat 
openings which spout to the height of from 20 to 30 feet at short inter
vals; temperature, 1920. Above this point, the springs are of little 
importance, though a few vents and old deposits occur at intervals for 
a mile or two up the valley. One, near those last describecl, is a nar-
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row fissure, along which for 6 or 8 feet the water boils constantly. Near 
this is a small geyser-mound strongly colored with iron. 

On the opposite si<le of the creek is a broad terrace of the siliceons 
13pring-deposits, upon which stand several sma.n mounds very prettily 
ornamented, from 1 foot to 2 feet high, whose pools boil consi<lerably, and 
evidently spout occasionally, though no one of them was seen iu ernption. 
One of these, near the creek and nearly opposite to l\1iunte l\lan, i..; 
shaped like a conch-shell and strongly colored with iron, and was called 
Iron-Conch Geyser. 

Nearer the base of the hills, there are several large hot pools. One of 
them was so well furnished with eoralliform masses. star'uling in tbe 
shallow water near its edge, as to be called the Coral Pool. This meas
ured about 40 feet by 50, with a shallow border, and a deep central pit 
about 10 feet across, from which numerous bnbules of gas were .scap
ing. There is a strong flow of water of the temperature of lGoo. A 
little to the west of this, a valley runs well up into the hills and contnins 
several large boiling pooJs, but no geysers. One boils with great Yio
lence, with a very large escape of steam. The pools ·and old desertt'd 
basins extend up the slopes of the hills to elevations of from 100 to 150 
feet above the creek. 

As a whole, these springs and geysers show far greater amounts of 
sulphur, and especially of iron, in their deposits than an.v of those on tLe 
Madison. The geysers also show much greater irregularities of erup
tions. The gl'Oup seems to me, as a whole, younger than those in the 
Fire-Hole Basins. The little geysers on the west side of the creek are 
plainly young, and are just begiuning mounds which promise to attain 
considerable size. , 

On the east side of the creek, between it and the lakes, we find a clus
ter of ragged hills, separated by crateriform hollows and valleys, which 
are occupied more or less completely by mud-springs anti sulphur-vents. 
Upon breaking up the surface-cru~t about these latter, we find all itR 
hollows lined with sulphur, either in distinct crystals or in moss-like 
aggregations of imperfect ones. Upon first observing the shape ami 
contents of these hollows, one would naturally suppose them to be old 
volcanic craters, whose connections with the interior fires were becom
ing nearly stopped up; but, upon more careful examination, it becomes 
evident that they have beeu hollowed out of the snrrounding sandstone 
by the action of the hot springs themselves, which have disintegrated 
and removed portions of the san<lstone and conglomerate of the old 
lake-terrace. Worn bits of rocks, penetrated by numerous small irreg
ular holes, are abundant on all the lower parts of the slopes, as well as 
about the existing vents, showing that the process is still going on. 
These springs are evidently much affected by variations in tlle supply 
of watPr. Many which were entirely dry gave abundant CYidence tll:.t t 
they sometimes give forth considerable streams. The effects of tbese 
variable supplies upon the activity of the different springs and geysers 
are probably very different in different cases. Since a full basin seems 
to be essential to an eruption, a greater supply of water to fill the pl<we 
of that ejected woul<l, iu many cases, canse more frequent and powerful 
eruptions. On the other lland, it is probable that too large a supply, 
causing a continuous stream to pass through and escape from the basin 
of a geyser, would cool down its contents below the temperature essen
tial to an eruption. 

The springs extend eastward along the shore of the lake for several 
miles near its present level, and some were seen boiling. up from its 
bottom, several yards from shore. Many occur also in the marsh about 
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the month of the creek, which is constantly extending itself into the 
lake. Some large lagoom; are here inclosed by narrow Rand-bars, some 
of which are scantily coveretl with pines. On this marsh, a little back 
from its present border and a foot or so above its level, an old shore
line is faintly marked. The only plainl,y-marked terrace i::; about 112 
feet above the lake. It consists of thick beds of sand and gravel, which 
form the bills just described. The gravel has formed a loose conglom
erate, but the sand has been compacted into a pretty solid quartzite by 
the siliceous deposits of the springs which filled it when it was beneath 
the lake-waters. This consolidation, so diametrically opposed to the 
disintegration just now tlescribed, was probably consequent upon the 
pressure of the overlying lake, which caused a very slow percolation of 
the spiing-waters through the sand, except at the points of more active 
ebullitiOn. 

The present level of the lake is about 7,792 feet, at which the theo
retical boiling-point o'f water is about 198.1 o. Springs were observed in 
aetive ebullition ~t Yarious temperatures, from 198o to 182o, and one 
even at 1GU0 ; in this latter case the ebullition was probably due to an 
escape of gas, though that was nut apparent. Quiet springs were of aU 
temperatures, up to 18GO, Certain sulphur-vents gave 1900. 

For some six or eight miles north, along the divide, the ridges consist 
mainly of obsidian-sandstone, inclosing heavy bands of reddisll-brown 
and variegated obsidian, having a nearly east and west strike. Most of 
the subordimtte ridges bad about the same course. All of this district 
is heavily timbered, with few openings, so that it became necessary to 
climb trees when we wished to get any idea of the surrounding country, 
even upon the highest erests. 

On September 9th we moved to the outlet. The lake is of a very irreg
ular form 1 something like that of a well-filled purse, contracted in the 
middle to quite a narrow passage. Besides the Geyser Creek, itreeeives 
only one stream of any size, which enters at the southern end of its more 
eastt>rn poeket, corning from the high plateau on the soutL, before 
mentioned. The northern and eastern shores and the central part of 
the southern ones are mostly precipitous, with deep water near them, 
but along the western and parts of the southern shores one can ride 
most of the way in the edge of the water, thus avoiding the swampy 
ground and fallen timber of the steep bill-sides. The center of the lake 
was apparently deep, though, as we did not put the boat together here, 
we were not able to take any soundings. The water was clear, and the 
shore sand and gravel quite clean, even from diatomaceous growtll, ex
cept at. the mouths of the streams. At the entrance of the southeastern 
tributary, a considerable marsh has formed, on the eastern side of which 
small spring-deposits were notieed; l>ut no springs were seen here except 
evld ones. 

Near the outlet, the rocks are mainly mottled black and red spher
ulitic obsidian-porphyry. 

At 6.:i3 p. m., (Dtb,) just as we were camping, we felt three slight 
earthquake sllocks. 

On the lOth we moved about five miles, to a camp at the north end of 
Lewis's Lalw. In leaving Shoshone Lake, the river has at :first wide bot
toms, but the valley soon becomes quite narrow, with steep banks. 
Al>ont one and a half miles below the lake, the stream widens to between 
600 and 700 feet, and becomes very shallow, with muddy bottom. Tl;ten 
it narrows suddenly, and rushes through a rocky gateway, perhaps 75 
fet~t aeroHs, formed l>y the projection into the stream of a mass consist
ing of two layers of obsidian-sandstone, wi~ll a rapidly disintegrating 
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central layer of pink porphyry. There was evidently a fine fall here at 
one time, and the va11ey which comes to the river on the north bank, 
just below the gate, was then a second channel of the stream. Below, 
the stream continues deep, with steep banks, gra<lually widening until 
it reache8 Lewis's Lake.* 

This is a much more regular and symmetrical body of water than 
Slwshone Lake. It is about two and a half miles long and from one to 
one and a half miles wide, tapering southward, ~md is surrounded by 
mostly gently-sloping shores. These are steepest on tbe west side, where 
a few blu:fl's run out into deep water. Our canvass-boat being put 
together, Mr ..... t\dams took a serieR of soundings, with the results indicated 
upon the accompany- Fig. 4s. 
ing sketch, (Fig. 48,) in 
which the depths are 
given in fathoms. The 
deepest part found is 
seen to be 108 feet. 
somewhat south of the 
center of the lake. The 
deepest sounding yet 
obtained in Yellow
stone Lake, 300 feet, 
was made also by Mr. 
Adams in 1871. 

From our camp at 
the north end of the 
lake, the valley of its 
outlet at the south end 
lay directly in a line 
toward the Tetons ; 
and., early in the morn
ing, before the lake was 
stirred by the wind., 
those snow-patched 
peaks, though forty 
miles away, were most 
perfectly reflected by 
its mirror-like surface. 
In its setting of the 
deep-green foliage of 
the pine and spruce 
forests which cover the 
surrounding slopes, 
this seems to us one ot 
the most beautiful o' 
the mauy fine \iews 
seen upon our trip. 
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*This lake was seen from a distance, in 1R71, by Mr. Schon born, and was located, 
from his notes, by Mr. Hergesheimer, but its connections were not known. It was also 
seen Oil two occasions, and once visited, in the same year, by Captain Barlow; but its 
connections were wrongly determined, and the lake itself is represented on his map by 
two bodies of water, some miles apart, and of very different outlines. As it bad no 
name, so far as we could ascertain, we decided to call it Lewis's Lake, in memory of 
that gallant explorer, Captain Merriwether Lewis. The south fork of the Columbia, 
whicll was to have perpetuated his name, bas reverted to its Indiau title, Shoshone, 
anu is commonly known by that name, or by its tnmslat.ion, Snake River. As this lake 
lies near the bead of oue of the principal forks of that stream, it may not inappropri
ately be called Lewis's Lake. 
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The accompanying panoramic view, (H'ig. 49,) taken from Mr. Bechler's 
field-notes, will give a general idea of the relative positions of the Tetons, 
the lake, and the slopes of the Red 1triountain group, of which Mount 
Sheridan is the culminating point. 

On the west shore of the lake, near its northern end, numerous hot 
springs occur, over a considerable area, a few being seen far up on the 
western ridge. Those near the lake were examined by Mr. Taggart, 
who reports as follows : 

The hot springs found on the west bank of Lewis's Lake occur mostly in two groups, 
separa,ted by a low ridge. In the first group examined, all of the springs issue(l from 
the sides of a marsh, and were mostly covered either with masses of leafy vegetation 
or with the soft, thick, pulpy masses of fungoid growth so common about -the hot 
springs of the Fire-Hole basins. Some of the springs were ·constantly bubbling with 
an escaping gas, whose character was not ascertained. The temperat.ures of all the 
springs are low. A few of them are as follows: 112° ,122° , 124u, 126° ,128°, 130° ,136° , 
140°, 148° . As an interesting fact, I noted that all tbe springs whose temperatures 
reached or exceeded 120° had the growth of fungoid pulp or a deposit of gray gey
serite, wbile those cooler than 120c were covereclwith leafty vegetation. This cluster 
of springs is evidently the last remnant of a much more active group, since, all along 
the shore of the lake at this point, there are large deposits of old gp,yserite. At some 
points, this extends far out into the lake. 

The second group of springs differs from the one just described, in that its vents are 
larger and the water hotter. The springs are surrounded by solid ground, and, in 
their general features, resemble the bot springs of the Fire-Hole basins, so that they 
11eed no general description. The following are the tflmperatures and sizes of a few of 
the principal ones: 1, 152° , 2 feet in diameter; 2, 156° , 10 feet by 6; 3, 176° , elliptical, 
about 40 feet by 20. 

Both Mr. Stevenson and Mr. Taggart brought specimens of the gey
_serite, including many vegetable fragments, apparently some of the 
coarse sedges common along the lake-shore. 

CHAPTER IV. 

:MOUNT SHERIDAN-HEADS OF SNAKE RIVER-FALLS 
IUVER PASS-JAUKSON LAKE-GLACIER LAKES-GRAND 
UANON OF SNAKE RIVER-FORT HALL. 

. L~aving the main train to find its way southward to the stream which 
flows from Heart Lake, a small party of us started~ on the morning of 
the 11th, for Mount Sheridan and the country beyond. At the north end 
of the lake, there is a considerable marsh and a lagoon, which, when 
full, throws good streams into the lake; but its outlets were now choked 
up with beach-sand. Its water comes from the drainage of the broad, 
flat area, partly in meadow, partly in timber, whieh stretches across to 
Yellowstone Lake. Our course, _holding to the left of the main peak, 
led us over moderate slopes, for some miles, until_, passing one or two 
small ponds, with no outlets, we struck the foot of the spur which, run
ning out from the second crest of the Red Mountain range, counting 
from the north end, forms the divide between Lewis's and Yellowstoue 
Lakes. Upon that divide lies the small lake, without outlet, called Lnke 
Riddle,* visited by Dr. Hayden's party on their return from the Fire-

*" Lake Riddle" is a fugitive name, which has been located at several places, but 
nowhere permanently. It is supposed to have been used originally to designate the 
myt.hicallake, among the mountains, whence, according to the hunters, water flowed 
to both oceans. I have agreed to Mr. Hering's proposal to attach the name to this 
lake, which is directly upon the divide at a point where tile waters of the t'rt"O oceans 
start so nearly together, and. thus to solve the insolvable "rid.dle" of tbe "two-ocean 
water." 
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Hole basins in 1871. Mr. Hering visited this lake, aud found it to be 
7,U99 feet above the sea, while Lewis's Lake is 7,750 feet and Yellowstone 
Lake is 7,788 feet. A high terrace is faintly indicated on the east side 
of Lewis's Lake, but its level was not determined. This region should 
be more carefully examined, with a view to ascertain whether there is 
not some continuous terrace higher than the divide just described, which 
shall pro\'e that the whole of this broad comparatively flat area was, as 
its general form suggests, covered by a large lake, which was really 
tributary to both oceans. The lowest point of the actual diYide was 
determined to be 25 feet above Lake Riddle, or 8,024 feet above the sea. 

In ascending the mountain, we found the easiest slopes very steep, so 
aR to make much zigzagging necessary in getting our animals to the 
summit. As we occasionally looked back, we saw beneath us, on our 
left, the large cluster of hot springs which occupies the bead of the 
valley of the longest tributary of Heart Lake, and, beyond, caught 
glimpses of Yellowstone Lake. Upon reaching the first crest, both 
lakes lay spread out before us, while, to the westward, Lewis's Lake and 
Shoshone Lake were also in full view. Between us and Heart Lake lay 
a great hollow of the mountain, looking much like a broken-down crat~r, 
and very probably it may once have been one. The highest peak was still 
beJ·oml us, and we made but little delay, except to shoot grouse for sup
per, in riding to its crest. This range was called Red Mountain by Dr. 
Hayden's party of the previous year; but its highest peak lacked a 
name, until Captain Barlow visited its summit and dubbed it Mount 
Sheridan.* It is one of the most sightly points in the whole region. 
Surrounded by deep va11eyR on all sides, and itself standing 10,420 feet 
above the sea, it gives one a range of vision over an immense area. 
Sweeping round the horizon, I counted four hundred and seventy-five dis
tinct mountain-summits, at distances varying from thirty to two-hundred 
miles. The Tetons on the west loomed up grandly, w.hile, through the 
broad depressionjnst north of them, the Crater Buttes, the Three Buttes, 
the Salmon Ri\rer Mountains, and Sawtelle's Peak, were in full sight. 'fo 
the north, tf.e Gallatin Mountains, the Belt Mountains. and Crazy vVoman 
:Mountains appeared close at hand, while along the eastern horizon stood 
the high walls of the Yellowstone Range and of the Big Horn 1\lountains, 
and far to the southeast stood what we supposed to be FTemont's Pe~k 
and other crests Df t.he Wind River range. There appeared to be a 
considerable depression in the Big Horn Mountains nearly due east from 
the head of Yellowstone Lake, as if there might be a practicable pass 
through the range at that point. Tbi~ should be examined. Through
out all this wide area, with its numerous lofty crests, there were no 
"snow-covered" pPaks, though. many large bodies of snow appeared 
near the summits in every direction. 

'The lower slopes of the mountain are heavily timbered ; but, as we 
approaeh the summit, the trees become scattered aml stunted, consisting 
mostly of Pinus flexilis and a small spruce, Abies Douglasii, lJoth cllar
acteristic of high levels. The coarse, yellow lichen (Ever(?) nia.vulpina,) 
often called "Montana moss," which is somewhat ahundant at lower 
levels, but is tht're rarely found well fruited, grows here in immense 
quantities, magnificently fruited, the spore-disks (apothecia) lJeing fre-

... Mount Everts bad been used for it, but that name was already in use ior a peak farther 
north, and duplication of names is as objectionable in geogra}Jhy as in the other sciences. 
It is not improbable that this may have beeu the peak to which the name Mount Ma£1-
ison of the old maps was intended to apply, but the location of that peak was so many 
miles distant from the position of this, and had so different rclatious to su rrounding 
ranges, that we cannot consider tho identitication at all certain, and th1~refore must 
reject the name. 
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quently an inch or more in diameter. At the very crest, vegetation is 
reduced to a few grasses and Alpine plants, and the gray, red, and yel
low rock-lichens which so commonly make these high levels brilliant. 

The extreme crest consists of a dark, brecciated porphyry; but, only 
a few feet lower, we find an abundance of the purplish-pink laminated 
porphyry, which forms a large part of the mountain. A.ll the rock is 
quite ferruginous, so that, on weathering, it attains the dark-red tint so 
characteristic of the mountain as seen from a distance. 

In the south slope of the mountain there is another huge crater-like 
hollow, but I doubt its being really an old crater. Its slopes are steep, 
with loose rubbish, on which we could hardly stand, while at the same 
time we could with difficulty drag our horses down it to our chosen 
camping-spot in a grassy opening by the side of the small stream formed 
from the snow-banks, which probably never entirely disappear from the 
head of this hollow. A snow-fed pond lies on a small flat near t!Je head 
of the stream. A large dike of very compact trap crosses this ravine 
just above camp, running about north 44° west. Mr. Hering, with his 
assistants, remained upon the summit until after dark, for star-observa
tions, but succeeded in bringing his instruments safely to camp. 

Next morning (12th) 1\fr. Hering and Mr. Stevenson returned to the 
main party, while the rest of us went on to examine the head-waters of 
the Snake, whose general position we had seen from the summit of the 
mountain. About a mile below our camp, we carne to a curious little 
spring-pool, standing on a marshy bottom. Around its edge there was 
a dam-like border of roots, grass, and moss, by which the water was 
held at perhaps a foot above the surrounding marsh. Apparently the 
spring bad burst up through an old turf, which bad turned up at the 
edges, and through which the water had never been able to break down 
an open passage, though escaping through its mass and over its edges. 

Onr descent continued to be quite rapid for nearly two miles farther, 
when we reached the meadow-like bottom of a stream coming in from 
tbe left, which apparently gathers the water from the springs which 
escape from the foot of the mountain, nearly round to the basin of Heart 
Lake. From the junction of the two streams we held our course south
easterly, over a spur about 500 feet high, until we struck Heart Hiver 
not far above its junction with Barlow's River. As the stream leaves 
Heart Lake, it flows for some miles through dense forests of pine and 
spruce, and then through a deep, narrow calion, apparently of volcanic 
rock, from which it issues just above where we struck it. This river is 
evidently not subject to the great freshets which are common on many 
of the streams hereabout, aml it is therefore probable that Heart Lake 
acts as a retaining reservoir for the waters of tbe melting snows, while 
the melting itself goes on more slowly in this densely-timbered basin 
than on the barer slopes. 

The \'alley about the junction of the two streams contains a con~ ider; 
able area of beaver-ponds. Continuing southward, up, the valley of Bar_
low's River, we rode for two or three miles over a level, sage-covered 
prairie, but little above high-water mark. The stream has a very wide, 
gravelly channel, in contrast with which its present flow seemed very 
sir1al1, though really of pretty good size. The lower slopes of Mount 
Hancock on the west, and tlwse of an unnamed peak of nearly equal 
height on the east, soon close in upon the stream, forming a deep and 
narrow cailon. To avoid traveling in the bed of the stream, we followed 
some of the numerous game-trails, which led us to from 300 to 400 feet 
above its level, but finally brought us down ::tgain about ten miles from 
Heart River, and just below some small falls and 1apids, where the 
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stream descends about 30 feet in about 200. About two miles below 
this we began to find outcrops of a fine-grained, ferruginous, laminated 
sandstone, destitute of fo:ssils, but probably of Tertiary age. Some of 
tile layers showed abundant ripple-marks. At the falls, the rock is 
heavy-beddeu. The dips are mostly about 22°, varying somewhat Qn 
either side of due east. Just above the falls, and opposite to our camp, 
four thin layers of coal, varying from 1 inch to 6 inches in thickness, and 
two layers of clay ironstone, (iron carbonate,) varying from 6 inches to 
1 foot in thickness, are all included within 10 feet of shales. About 
three miles above this point, the canon opens out into a broad valley, 
with rather narrow lJottoms, but with broad, gentle, grassy slopes, 
topped with gently-rounded hills, partly timbered, partly grassy. The 
huge rocks which lower down had encumbered lJoth bottoms and slopes 
gave place to cobble-stones, pebbles, and sand. From this point Captain 
Barlow turned eastward, in 1871, after following up the calion, as we 
had now done; and here we turned eastward to climb the hills. From 
a higher point, .we saw that the rest of the valley is mainly a broad 
basin. There appears to be no pond at the head of the stream, which 
is apparently near the summit of a flat divide, from the other side of 
whieh the waters run to Buffalo Fork. This is mostly fine grazing
ground, and the numerous game-trails give eddence that it is frequented 
lJy deer and elk; indeed, we found two herds of elk, of about twenty 
each, among the groves on the top of the ridge. The mountains Hhut 
off the winds on all sides, and the valley lie~ so well to the sun that 
the snows must melt rapidly llere, thus c-ausing the great freshets of 
which tile broad. gravell.Y lJottom of the river below had already given 
so abundant evidence. The upper slopes of the ridge on either side are 
mostly bare of timber, and many parts of them are badly washed. 
Those on the east are composed of mostly thin-bedded sandstones, 
probalJly of Tertiary age, at least 2,000 feet thick, with variable south
easterly dips. .A few red layers appear, but the majority of them are 
gray. No fossils were found, though careful search was made for them. 

From the sqmmit of this ridge, we again saw Yellowstone and Heart 
I.~akes, and had a fine view of the rugged Tertiary (~) crests of the Big 
Horn Mountains to the east, running down to Union Pass. 

The scattered groves of spruces, with occasional pines, which are so 
constantly characteristic of the upper edge of the timber, occur scat
tered over these upper slopes, and nearly every cluster contains some 
young trees; but we nowhere encounter the patches of dense young 
growth ·which at a lower level so constantly start up, in a short time, 
whenever a lJody of old timber bas been burned over and bas fallen, 
ai1d often even before the dead trees have fallen. The idea bas been 
adYanced that the burned patches are not thus renewed iu these mount
ains; and, under some circumstances, this seems to be true; but the rule 
is just the opposite, as those of us who have had occasion to penetrate the 
vigorous growth of this dense young pine, whether alone or with a pack
tra.in, will most vividly remember while memory lasts. 

Crossing- this ridge, we came to the valley of a stream which we after
ward ascertained to be the head of the main stream of Snake River. · 
.At its upper extremity we found a flat valley-divide, upon which are 
two small ponds, near together, covering from eigh~to ten af'~·es each, 
one of which is the ultimate source of Snake River, while the flow from 
the other joins Buffalo Fork, and so reaches the Snake just below 
,Jackson's Lake. Ascending the high, sharp ridgt' on the we~t side of 
this valley, at lea.st 500 feet high, we find it!'; slopt•:;.; to consist t>ntirely. 
of large and small well-rounded pebbles of variously-colored quartzites, 
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Up to the Yery SUmmit, where this deposit is jnst pierced by an OUtcrop 
of the gray trachytic lavas and red basalt, partly vesicular, though 
mostly compact, which form the nucleus of the ridge. We here stood 
upon one of the highest points in that neighborhood, about 8,654 feet 
above the sea; so that we were entirely at a loss as to the source from 
which had flowed the large river which bad distributed such immense 
amounts of gravel and sand. We could obtain no local data which 
sl10uld enable us to judge whether the stream had flowed nortlnvard or 
southward, but the general levels of the country would imply a north
er1y drainage. The deposit is evidently very ancient, but no consider
able consolidation had taken place. 

Looking westward, a heavy mass of mountains, broken by very few 
water-courses, at least on their eastern face, lies between us and the 
basin of Jackson's Lake, and I believe that this is here. properly the 
"main range" of the Rocky Mountains. It is certainly part of the highest 
mass-connection between tile Wind River and Big Born ~Ionutains, on 
the east, which really form the northern termination of what is the main 
raHge farther south, and the range west of the Three Forks of the 
Missouri, which there bears the name of Hocky JHountains, and tlle con
tinuation of which reall.v appears to be tile main range farther nortil, so 
far as the best maps indicate. 

Above this mountain-mass the Tetons loom up granrlly. A peak of 
that range, some fifteen or twenty miles north of l\lount Hayden, is 
second only to that peak in elevation. 

Passing westward tlle quartzite-gravel continues for several miles, 
' though the mass of all the ridges is composed of a coarse volcanic 

breccia. The slopes are here much flatter and more rounded, with lleavy 
growths of fine sp"11ce, of which large areas haYe been burned and 
have fallen, so that we found some large patches absolutely impassable 
·with animals, and were obliged to make considerable detou~·s to avoid 
them. The small streams heading here have flat valleys, with some 
good meadows. 

Descending the valley of Coulter's Creek, we founrl that the high 
didde between the head of this creek and tl..Je bead of Snake River con
sisted of rapidly-disintegrating volcanic rocks, mostly conglomerates of 
trachytic porphy1~f, obsidian, &c., like those which form the very pre
cipitous banks of the streams. Many bare spots on the slopes indicate 
old laud-slides, some of them of large size. The main valley is narrow 
and in some parts deeply cafioned, so that, with both steep. rocky 
slopes and badly-interlocked fallen timber, we had great difficulty in 
making a passage out to the valley of the main Snake. This stream, we 

• found, after a course of about twelve miles from its ultimate sources, 
running through a broad graveled cbannel, 200 feet or more in width, 
with three considerable terraces on either bank, along which we rode to 
tlw junction, of Barlow's River. The gravel is in some places washed 
a w.a~· by the stream, so as 1 o expose a solid river-bed of volcanic rocks. 
Near the junction, the terrares are at the levels of about 25, 80, and 140 
feet above the present level of the bottoms. These are also developed 
to some extent along Barlow's River, which enters the Snake at a sharp, 
reversecl angle, through a narrow cafioned valley, from the upper slopes 
of whicil we could see·tile broad flats about the mouth of Heart H.i\·er. 
Though this fork brings at tllis season the most water to the united 
stream, and bas the longest conrse, draining the largest area, yet tlle 
relatin~ forms of the valleys at once de~ided that tllis could not properly 
be called tue main Suake Hiver. 

On the broad lower terrnee, about a mile west of the month of Barlow's 
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River, stands a large conical mound, about 65 or 70 feet high and per
llaps 250 feet in diameter at the base. Though circumstances prevented 
me from making the desired examination.of it, yet, from the regularity 
of its qutline, l ±eel quite certain that it is a structure of the age of the 
Mound-builders. No other relics of that interesting people were seen 
upon the entire trip, unless the rude rock-wall reported by Mr. Steven
son as existing upon the summit of Mount Hayden should prove to be 
such. 

The broad valley soon narrows again to a deep canon, walled by red 
shaly sandstonrs, containing no fossils beyond indistinct fucoidal mark
ings, which are referred with doubt to the Triassic period. The gray 
beds of the lower part of the series make their appearance in the lower 
end of the canon. The stream is here broad and shallow and easily 
forded, so that the canon can be easily traversed at this season. From 
this point the valley i ;:; wide and terraced, the bordering ridges being a 
mile or more apart; and this continues, gradually widening, to the 
basin of Jackson's Lake. Just at the mouth of the narrow canon, the 
river bends sharply to the right and then to the left, so that the form 
of the slopes giYes the descending traveler reason to expect here a large 
affluent; but none exists. About a mile lower, we came suddenly upon 
a small basin of hot springs, most of which are now nearly extinct, 
though some large mounds on the river-bank give evidence of great 
activity in former times. The active vents seen were all in the bed or 
on the bottoms of the rhTer, so that their flow was more or less mingled 
with river-water; and no temperatures were taken. The deposits are 
siliceous. Mr. Taggart found, near here, at the foot of the second ter
race, several conical depressions, from 30 to 40 feet deep and from 75 to 
100 feet in diameter, which might have been old spring-basins, though 
their origin is by no means certain. At the bottom of one of these lay 
two dead rabbits, upon which there were no signs of violence. No other 
signs of escaping gas were noticed. 

This bot-spring basin occurs at the upper edge of a belt of basalt, 
which forms, a little farther on, lofty vertical walls, from 300 to 500 feet 
high, through which a small stream~ coming in from the north, has worn 
a deep, narrow canon. About two ·miles below this, high walls of nearly 
white limestone appear on either hand, though the fading light of even
ing prevented a clear underRtanding of the relative position of the beds 
at the junction. It is probable that the basalt, escaping from some vent 
in the volcanic range of Heel Mountain, filled a large north and south val
ley, of which the limestone batl previously formed the western wall; and 
semi-metamorphism should be found in the limestones near the line of 
contact. . 

About three miles more brought us to the camp of the main party, at • 
the moutll of Lake Fork, where the broad valley of the Snake makes a 
sweeping curve into its future southerly course, while Lake Fork itself 
joins it from the north through the narrow canon which it bas worn 
down through a high barrier of volcanic rock. 

In descending from Lake Lewis, the main party found the river-banks 
low and ro..;ky for a short distance, before the stream enters a canon with 
walls from 150 to 200 feet high, in which were encountered sharp rapids 
and a yertical fall of about 30 feet. Then, for a mile or two, the slopes 
are gradual, with narrow, swampy bottoms along the river. About three 
miles below the lake, high, rocky banks indicate the approacll to a deep 
canon, which really commences at about three and a half miles, with 
perpendicular walls on both sides, inclosing a narrow channel with a 
rapidly-sloping rocky floor, in some places partially obst.ructed by huge 
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tumbling masses of rock, but apparently without any accumulation of 
gravel. Considerable rapids occur through nearly the whole canon, and 
one fall of nearly 50 feet was noticed. The canon deepens rapidly to 
from 700 to 800 feet, with widths of less than half the depths at the 
deepest precipitous portions, though in some places widening above, ~::;o 
as to have sloping banks of about 500 from the horizon. .About three 
miles down, it reaches its culmination, and is truly grand. It has none 
of tlle brilliancy of coloring so clmracteristic of tbe Yellowstone Canon, 
but the somber tints of its gray, brown, and dark-red lichen-covered 
rocks, occasionally variegated with smaller patches of green and yellow, 
constitute a peculiar style of beauty and add greatly to the effect of its 
narrow dark depths. The only deficiency is in the supply of water, 
which is small at this season. The rocks are all volcanic, mostly por
phyries and trachytes, with some porphyritic obsidian. Some two miles 
below the end of the main canon, the cliffs close in again to the river, 
for a few hundred feet, to a width of about 200 feet, with a beight of 
400 feet or more, forming a suitable gateway to the calion from below. 
The valley below this is still narrow, but opens enough to give room 
for a few beaver-uams in its swampy bayou-banks before it rushes out 
into the valley of the Snake. ,. 

The high ridges which form the slopes about Lake Lewis bear back 
from the riYer and form no part of its lofty canon-walls. Between the 
river and this upper slope, on the west side, a large stream gathers 
its waters from the abundant springs of the mountains and occupies a 
broad flat valley on the lower le~'el, filled with beaver-dams, whence it 
rushes, through a narrow, winding canon and over a 30-foot fall, to meet 
the river about a mile above its junct.ion with the Snake. On the foot
slopes of the mountain, along the west side of the beaver-dam flat, 
there are considerable numbers of warm springs oozing out, and con
siderable accumulations of siliceous deposits are indicated by the soil. 
A small run, formed from a number of these springs, gave a tempera
ture of 101°. It is possible that active springs of some size exist in 
this neighborhood, but the contrary is indicated by the extensive bodies 
of dense timber, which also hinder exploration. From the south end of 
the cluster of beaver-dams aforesaid, a stream flows southward, which 
attains a pretty good size before it joins the Snake, about three miles 
below the camp at the forks. Its source is probably in strong spring~ 

' On the fiat divide, which have been dammed up by the beavers so high 
that the ponded waters can escape in both directions. 

The mountain which bears oft' westward from the head of the canon 
forms the steep northern wall, while the extreme slopes of the Teton 
Range form the more gently-sloping southern boundary of a fiat valley, 
from five to eight miles wide, which breaks through to the basin of Hen
ry's Fork, and is occupied by the sources and main stream of Falls 
River. The extreme source of this river is in the great water shed of the 
northern mountain, from whose southern face it bursts in four immense 
springs, which leap from its steep rocky sides as full-grown streams, 
and rush in beautiful cascades, from 75 to 1UO feet high, down a slope 
of about 40°, to form two large branches, which, a mile below, unite in a, 
stream carrying about 20 feet of water. After a winding course of two 
or three miles, from several points of which it could with very little dif 
ficulty be turned eastward into the main Snake, it flows with a still 
rapid current into the more northern of two small lakes, known to us 
as Beulah Lakes, which lie upon the lowest part of t.he divide and are 
each from 600 to 800 feet across. The southern one has now no surface
outlet, but marshy grounds extenu to the more northern one, over which 

17 G S 
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outflow must pass when the surface of the lake is from four to six feet 
higher. The divide toward the east is only 8 feet above the lake. From 
the west end of the more northern lake, about 30 feet of water flow out 
rapidly, soon jumping over a fall of 12 teet. Strong branches soon join 
the stream from the north and one from the south, and double its sup
ply of water. Five other falls succeed, of 6, 12, 40, 20, and 30 feet, lie
fore we reach the Great Falls. These show a total descent of 141 feet, 
consisting of three larger falls ab0\7 e, the third being 47 feet higll, with 
three small ones at the bottom. The upper two are somewhat of horse
shoe form, while the third and highest has a nearly straight edge. The 
amount of water in the stream is fully 80 feet. The porphyritic trachyte 
of its walls forms perpendicular cliffs, with rounded tops. A stream of 
some size comes in about a half mile above there, on the south side, 
with fine cascades on its upper course, while its sources lie in a basin of 
the mountain whose form indicates that it may inclose a small lake; the 
left-hand branch of this stream comes from two small lakes on the di
vide, as hereinafter described. 

From the lakes downward, we find laminated porphyries, succeeded 
by trachytes and red and black porphyritic obsidian. Below the falls, 
1 high knob consists of a fine-grained, compact, white trachyte, which 
contains disseminated plates of black mica, (muscovite~) aml which, with 
but a slight change of texture, might readily be mistaken for granite. 
From this knob we have a fine view westward to the lower basin of this 
river and its tributaries. The largest of these, Bechler's River, comes out / 
of the plateau of the great water-shed, about ten miles to the north
ward, into a large basin apparently containingextensive grassy meadows, 
and then passes amollg rounded timbered bills to join Falls River, 
appa"rently but a few miles above our lower crossing of that stream. 
Large grassy meadows, some miles farther north, indicate au other large 
stream, probably tributary to Bechler's River; but it was impossible 
to trace its course with any certaint,y at that distance. Some miles 
down Falls River our guides report another fall, about 40 feet high; so 
that it will be seen that the stream deserves its name. The slopes near 
the river are mainly well-rounded and fairly timbered, though, at a few 
points, steep and even precipitous and bare. Tlw stream presents the 
utmm;;t variety of water-scenery within a short distance; from the 
still, deep pools, which accompany a short stretch of beaYer-dams, to 
short, sharp rushes over steep rock-slopes, to successions of steps, form
ing various styles of rapids, and to vertical falls of various forms and 
sizes-a perfect treasury of artistic bits. 

The elevation of this divide and the moderate character of the slopes, 
averaging about 54 feet to the mile from Henry's Fork to the summit, in
dicate this to be a favorable liue for railroad-access from the soutll to the 
region of Yellowstone Lake, if such should be thought desirable. From 
the main line up Henry's Fork to Montana, of which this would doubtless 
be a branch, the road would follow up the ridge on the south side of 
Falls River to the divide, thence keep around the foot of the northern 
mountain to Lalre Lewis, cross Lake E'ork, and, passing along the eastern 
shore of the lake, cross the fiat divide, striking Yellowstone Lake about 
the middle of its western side, and thence follow down the valley. It is 
probable that a route could be located from Lewis's Lake, past the north 
end of Shoshone Lake, to the Fire-Hole basins; but the most eas.v ac
cess to the Fire-Hole is by way of Henry's l.Jake Valley, Tyghee Pass, 
and the Upper Ma(lison Cailon. Between the Fire-Hole and Yellow
stone Lake, the ridges are too sharp to be passed by railroads, unless b:r 
very winding routes or by long tunnels. 
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.A short distance southwest ' of Beulah Lakes, over a divide about 300 
feet high, and at a level a~out 100 feet lower, l\fr. Bechler found two other 
srnalllake:s, at the head of a ~ranch of the stream which enters Falls 
River from the south, just above the Great Falls. Tlle upper one has an 
area of something over one lluudred acres, with rocky banks, and flows 
to the lower, which occupies about 40 acres iu the center of a marslly 
~asin of perhaps a hundred and forty acres. 

Southeast of these latter lakes, over a divide about 350 feet high, 
we reach the head of a valley running eastward to the maiu Snake. [ts 
upper portion is a flat basin, about one and a half miles long by a mile 
wide, bounded on the east and north by from 400 to 500 feet of volcanic 
rocks, of which the upper 200 feet present a vertical front, while the 
remainder is mainly covered by a slope of tumbling rubbish down to 
the stream. The other slopes are rounded, as are also most of those 
along the lower course of the stream down to its junction with the Snake. 

All this wide area, from these northern slopes of the Teton Hange 
nearly to the Tyghee Pass and to the mountains on the north side of 
the Upper 1\Iadi:son, though actually quite elevated, is relatively much 
depressed below the summits of the limestone, quartzite, and granite 
mountains on either side. From th~. general distribution of the volcanic 
rocks, as well as from facts o~served elsewhere, I am inclined to believe 
that, before the ejection of these in1mense bodies of lavas, there was 
here a broad ,~alley, through which the drainage of the upper mount
ain-region to the eastward found its way out to the great basin of the 
Snake, while the canon by wbieh it now escapes through the high 
mountain-mass south of the Tetons had not been cut down. 

Immediately opposite the camp at the mouth of Lake Fork, there is 
a considerable cluster of deau and dying bot springs. Several mounds 
indicate the former positions of geysers of considerable size. The 'temper
atures of ten springs were taken by Mr. Taggart, varying from 1020 to 
15so. Thrt'e were above 150°. 'rhe deposits are now rapidly disintegrat
ing. Upon one large conical mound this process had developed a col
umnar or fibrous condition of the geyserite. Similar spring-deposits 
also occur on the west side of the river, from one to four miles below 
this camp, ana some of the mire-boles so common in the Fire-Hole 
basins were also encountered. Upon looking back from below, two 
large columns of steam were seen, about, a mile up the Deaver-Dam 
Creek, which seemed to indicate the possilJility of geysers still existing 
there. The lower part of that ::;;tream was full of purple-nacred 'ltnios, 
apparently like, or closely allied to, those found in the branches of 
Henry's Fork . 

.Along the east side of the river, the face of the high ridge shows the 
follO\ving rocks, according to notes taken and specimens brought in by 
l\fr. Taggart :-At the base lie about 200 feet of white and light-gray 
quartziLes, overlaid by from 500 to GOO feet of light-drab and dark-gray 
limestones, and about 100 feet of gray sandstones, followed by heavy 
beds of red, shaly sandstones, apparently the same as those seen higher 
up the river. I am not sath;fi.ed as to the .age of either the limestone or 
the quartzite. The ridge is capped with ~eds of vorphyritic trachytes, 
having a dip of about 30° to the southeast, while the limestones beneath 
dip about 40° in the same direction, showing that their tilting com
menced before the deposition of the trachytes. 

The main trail crosses the Snake about a mile below camp, and 
passes over the bills so as to cut off a considerable bend of the river. 
From six to eight miles below the forks, a spnr, which runs nearly to 
the west bank of the river, shows a high bluff face of porphyritic 
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trachyte. Tlle valley is here wide aud fiat, lL1ostly marshy, with some 
large bayous. Th('re are eonsiderable areas of fine grazing-ground and 
many large patclles of willows. One island-like, rocky knob, witll part 
of the first terrace, which has been protected by it from erosion, stands 
out in the middle of the valley, about a mile below the cliffs. The rh·er 
is here of moderate depth, with a bottom of small pebbles and muddy 
sand, but good fords are few and mostly difficult of access by reason 
of the marshes bordering the stream, so that the necessary crossing to 
tile east bank should be made near where our train crossed, unless 
special reasons take one down the west side. As we approach the 
lake, the stream gets deeper and more slnggish, being somewhat 
checked by the back-water of the lake. Broad marshy fiats stretch 
back from the shore of the lake on both sides of tile river. On all these 
fiats we find an abundance of "bitter cottonwood," which had formed, 
bigher ·up, only a very small part of the timber-growth, though its young 
plants had, for the last fifteen or twenty miles, furnished rapidly-increas
ing patches of yellow and pale-red along t-he slopes, thus replacing, in 
some degree, the autumn-tints of the hickories, chestnuts, and maples 
of more eastern regions, while a small mountain-ash was doing its best 
to replace the deeper crimsons of the oaks and of some of the maples. 
Tbe development of these tints did 'not seem to be at all connected with 
any special increase of cold; and, indeed, we had been having frequent 
freezes all the summer, witlwut any apparent effect upon the vegeta
tion, which seemed to be accu&tomed, as the grasshoppers are, to being 
frozen up every night; and thawed out every morning. 

The Teton Range bad been before us for many days as a prominent 
feature of the landscape, but now its peaks stood up as the features of 
main interest, bounding the valley ou the west with a series of roof-like 
ridges ·and poiuted peaks, well besprinkled with patches of snow. 
Farther north and east, we had been having pleasant weather, while 
this portion of the valley had several successive days of cloud and rain, 
as reported from our guide, Beaver Dick, who met us again here, hav
ing crossed from the valley of Henry's Fork. When these storms 
reaclled the higher portions of the mountains, their deposit took the 
form of snow, so that the drifts were now much larger than when we 
struck the range on the other side, in July. -

On September 21, the minimum thermometer recorded 4~o; and a 
clear sky, with cool weather, gave us unusually fine views. The peaks 
stood out sharply, while the gaps and canons were full of a deep-blut, 
smoky light, which would touch the heart of the least artist-ic. 

On the northeastern slopes of the range, severaJ hundred feet of lime
stones represent the Lower and Upper Siluriau and the Carbouiferous, 
as on the other side of the range. Their area here is limited, and bas 
not been traced to its abutment against the volcanic rocks, which fill 
the depression to the northward. The range is much flattened .-"tnd 
rounded off at this extremity; and I am inclined to believe that the 
granitoid uucleus declines so much as to allow of the connection of the 
limestones of the east and we~t slopes being exposed between it and the 
volcanic rocks. At least, the dips indicate that such a warped connect
ion once existed; and I shall not be very far wrong iu coloring the map 
according to that supposition. The underlying quartzite (Potsdam ·V) 
was not seen here, but is probably in place, as it appears a few miles 
farther south. The most northern large canon of the range exposes, 
beneath the limestones, a heavy body of dark micaceous gneiss, with 
both granite and quartz veins. The local dip is northeasterly; but the 
main dip of the metamorphic rocks here is southerly. 
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Along the shores of Jackson's Lake there are no outcrops which 
would enable one to decide where the different strata lie; but, at its 
southern end, there are high knobs of porphyries and trachytes, which 
indicate, by their position, at least a former connection with the more 
northern beds, wllich we traced to within five miles of the northern end 
of tbe lake . 

• Jackson's Lake is a very irregular body of water, much cut up along 
its borders by long, narrow promontories jutting out into it from both 
sides, and containing one large island, which nearly separates the lake 
into two. The main lake is from two and a half to three miles wide, 
aml the total length is about eight miles. In the soundings taken by 
1\Ir. Adsuns, the greatest depth found, !,:l58 feet, waH about a mile from 
the western shore. The series of soundings was far from complete, by 
reason of a sqnall coming down rrom the Tetons and raising dangerous 
waves, so that they had to give up the rest of tlle work. The lower 
slopes of the more northern Tetons come sharply down to the lake on 
the west, and these steep slopes, together with the tangled undergrowth 
of willow, cottonwood, mountain-ash, and iron-weed, with occasional 
box-elder and maple and some tracts of fallen timber, make passage 
along· there difficult. for a train; but its other shores are surrounded by 
low hills and by broad meadows, largely occupied by beaver-dam and 
other swamps. These flats are much cut up by ba.yous, and include 
smTeral ponds of considerable size. Otbers are found among the rounded 
bills of gravel, which remain from the upper terrace of tlle old river
border. Two of these, lying fi.'om two to three miles east of the outlet, 
toward the valley of Bufl'alo Fork, are each about two miles long b~' a 
half mile wltre:- They apparently occupy portions of ancient river-chan
nels. A stream of about the size of Barlow's Ri\er, with broad gravel
bottom and rapid current, comes out of the hills opposite the lower end 
of the lake and joins the Snake just after it has escaped from the lake. 

Tlle views from the east shore of the lake are wonderfully grand. 
Tile Tetons rise majestically from its western shore to the height of 
7,000 feet above its surface, with sharp slopes and walls of bare rock 
above, and their bases buried in a dark mass of pine and spruce, while 
at tilis season (September 24) their snow-co,Tered summits gi\e tbt' be
holder a strong sense of sublimity. At times they are wrapped in 
h_eavy masses of cloud; but even then they are grand. The accompany
ing sl\:etch of the face of the ra.nge, as seen from near the North Gros 
Ventre Butte1 has been copied from Mr. Bechler's field-notes. (Fig. 50.) 

A few miles below the lak~, Buffalo Fork enters from tl1e east through 
a broad valley with grassy and willowy bottoms, bringing a very large 
body of \Yater. These bottoms contain some large groves of :Menzies's 
spruce, (Abies JJlenziesii,) wllose pecnliar cones were seldom seen else
where by us. Near the mouth of the stream gray and buff, fine-grained, 
sllaly sandstoues of indeterminate age dip sharply to tile southeast, 
aud similar rocks appear in the bed of Snake River, at the ford just 
(lbove the month of Buffalo, but the dips are her<} much confused. 
l\lr. Bechler followed the Buffalo nearly to its head, and reports that; 
for abnnt twelve miles from its moutl1, its broad, open valley shows no 
rock, but has rounded ~lopes covered with "quaking asp," (Populus 
trenmloides,) and bottoms full of beaver-dams. About twehe miles up, 
the . valley narrows to a calion from 350 to 400 feet deep by from 50 to 
200 feet wide, for about three miles, with coarse, gray sandstone walls. 
About one and a half miles of a rounded basin, with beaver-dams, 
then intervenes before reaching the seeond canon, which has nearl.Y the 
same character as the first and is about two miles long. A broad basin 
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becomes a question why the river bas thus deserted its own proper valley 
and bas turued off so far to the east to find another outlet. Four old ter
races are strongly marked along the river, and the third, above its present 
level, forms broad plaius, on both sides of the river, below the mouth of 
Buffalo. Moreover, the old river-gravel, consisting mostly of quartzites, 
runs to the top of the island-like knobs .in the center of the valley as 
well as of some of the hills which border it. Crossing westward over 
these broad plains, which are mostly covered with sage-brush, except 
about the isolated ponds, which seem to give eviden~e that much of this 
third terrace bas been worked over by the river and cut up by bayous, 
we cross a narro"' belt of spruces covering the surface of the fourth· ter
race, an<l then descend to the old deserted channel of the river, which is 
nearly on a level with the third terrace. Crossing this valley directly 
toward the mountain, we come at once to a series of high, steep, narrow 
ridges, covered with immense masses of granite and heavily timbered. 
Within the last of these concentric ridges, we come to a small lake, Ising 
at the mouth of a deep calion which runs far back into the mountain; and 
here at last we have the clew to the mystery. Thil'i calion, like all the 
other Luge ones of this range, was occupied by a glacier, whose termi
nal moraines now hem in this lake; and, though the old river-valley 
seems to llave been not fully blocked up by the flow of silt which passed 
beyoncl the moraines, so that its general features are still plaiuly marked, 
yet it is evident that the deposition which caused its bottom to slope 
from west to east so much as we now find it to, was sufficient to con
siderably delay the wearing llown of tllis channel. The canon next 11orth 
of this was also occupied by a glacier-a moraine-dammed pond will 
probably be found in the mouth of it-and tloubtless its debris aided in 
checking the ero:siob. At that time, tile flow of water through all this 
regiou was much greater than at present, and the duplicating of chaD
nels in the broad bottom was far from being uncommon. If a channel 
had then joined the eastern streams, though only as a bayou in time of 
flood, there was reason for its being ultimately cut down, so as to drain 
the western channel, which is the true valley of the Snake. The sum
mit of tbe highest and outermost moraine is partly covered with riYer
gravel, as if tllC stream had at least once reached this height after the 
glacier began to rect>de. This crest is 12:3 feet above the bottom of the 
adjoining· part of the old river-channel, 2~2 feet above the present 
level of the included lake, and 3()6 feet above Jackson's Lake. These 
and other levels across the valley were taken at my request by Mr. Her
ing, who has furnished the data for the accompanying section from the 
lake, across the old channel and the present one of Snake River, to the 
eastern hills. The length of the section is so great that it became necessary 
to distort it by increasing the elevations considerably beyoud their pro
portional size. (Fig. 51.) vVe have called tbis Jake, which is about two 
miles long by a half mile wide, Leigh~s Lake, after our guide, Hicbaru 
Leigh, (Beaver Dick.) It appears to be mostly shallow, alJ(l has a small 
island near its center. Can it be possible that the glacier, which was 
formed by the flow from two canons whose junction is ouly a very short 
distance above the lake, split again after it emerged, so as to leave this 
islanu uneroded ~ No special depression of the moraines opposite the 
island was noticed; but examinations just at that point were not care
fully made. On the other hand, if we pass to the north end of the lake, 
we :fiud a flat divide, not 5 feet above its level, and less than a llm1dred 
yards across, which separates it from a large beaver-pond, whose waters 
escape through two or three other ponds and marshes to the head of 
Jackson's Lake. A very trifling cut would thus give the lake a second 
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outlet; and it appears not improbable that the glacier did ~plit, as sug
gested, during at least a part of its existence, and flow out at this enrl as 
well as at the southern one. These waters come so near together that, 
without any connected 

·II.> 

examinations, and without recognition of the 
rise of 144 feet from Jackson's Lake 
to Leigh's Lake, water-communication 
between the two bad been inferred 
and reported ; and Mr. Adams at
tempted to find a passage across in 

~ his canoe, but, failing in that, was 
~ obliged to make the long detour by the 
~ true outlet of Jackson's Lake. 
bJ About a mile south of Leigh's Lake, 
't: anot.her, of about the same size, which 
] we have called Jennie's Lake, after 
§ Mrs. Leigh, lies in the mouth of the 
~ _ Great Canon of · the Teton Range. 
~ Passing up this canon for a short dis
~ tance, Mr. Taggart found a cluster of 

...:; falls and rapids about 250 feet high., 
~ with lofty, precipitous wa11s on either 
~ hand, which prevent ready access to 
~ the upper part of the canon, which 
~ winds around to the western siue of 
·~ the peaks, where its lofty walls were 
"'"'- seen by us in July. This canon 
'"'"' gathers the entire drainage of the 
~- wester11 side of the three priitcir)al 
] peaks, so long known as the Three 
§ Tetons. The water of these mountain
~ streams is so pure as to make it cer
-~ tain that not the least glacial erosion 
~ is now going on at any point on the 
~ range. Though many schists occur 
rn in the mountains, very few of them 
.s have contributed to the terminal mor
s aines, nearly everything except the 
~ granit'es having been ground or 
~ weathered fine during the downward 
"'- passage. The moraines about Jennie's 
a:> Lake are not very largely developed; 
~ possibly, the more abundant flow of 
rn water from beneath this glacier, con
~ sequent ppon the greater size o.f its 
H basin, washed awa;y the debris from 
.c here ruore thoroughly than was done 
r:l elsewhere. At two other canons, far
~ ther south, similar lakes occur,. The 
~ more northern of the two, which we 

>=l have called Taggart's Lake, is sur
~ rounded by five concentric moraines, 
~ the elevations of which above the old 
ri river-channel, which passes just ont-

siue of them, were taken by Mr. ~rag
gart~ as follows : The outer one, 162-2-
feet; second, 206 feet; third, 271 feet; 
fourth, 316 feet; filth, 422 feet. The 
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present level of the included Jake was found to be 249 feet above datum. 
The last of this series of lakes, which we have called Phelps's Lake, 
after a hunter of the region, wlw bad seen and reported it, is hemmed 
in by three moraines, according to Mr. Taggart, the outer one 162 feet, 
the second 244 feet, and the third 287 feet above the lake itself, there 
being no special surface-feature near the moraines on their outer side 
to which to refer these levels, as to a recognizable base. In this last 
case, the canon forks above, aud the two arms extend in opposite direc
tions along the line of separation between the granites and the flanking 
limestones. Each of the two glaciers, therefore, gathered, from the rocks 
overhanging it, granites on one side and limestones on the other, so 
that, after their junction, the central moraine of the united glacier con
sisted of limestone, and we find small fragments of limestone filling the 
low central portion of the terminal moraine, while its high flanks, which 
received the material of the lateral moraines, are composed of the 
granites, which are less easily disintegrated, and are therefore mostly in 
large bowlders. No remnants were anywhere seen of any lateral moraine 
deposits along the courses of the glaciers. It is possible that such may 
'be found by more careful search, but the slopes are here so steep that 
most of their lower portions are buried in the tumbling rubbish, so that 
we can have little expectations of such a discovery being made. 

A little south from the second large calion south of Mount Hayden, 
the limestone~;; come forward to the front of the mountain, above the 
granites, which shortly afterward disappear from sight altogether. The 
length of the exposure of the granitic nucleus of the range "is about 
thirty miles. . 

About eight miles below Leigh's Lake, its outlet, which we haYe called 
East Teton River, enters the Snake. A hundred yards back from the 
opposite bank stands a high, rocky butte, known as North Gros Ventre 
Butte. Its northern end consists mainly of Carboniferous limestone, 
dipping about 70o N. 560 E., and containh1g many characteristic 
fossils. Along the west face of the butte, none of the lower rocks are 
viRible, being buried under the Post-Tertiary whitish sandstones and 
marls, inclosing fragments of limestone and chert, but no fossils, of 
which all the southern part of the butte is composed; but, near the 
northeast corner, the lo\Ver part of the series of older limestones presents 
the conglomeratic texture so characteristic of the Quebec Group, on the 
west side of the Teton Range and elsewhere, and it is probable that 
they represent t,bat group, though no fossils could be found. Beneath 
this we find gray quartzitic sandstones, which are probably of Potsdam 
age. 

This butte stands near the middle of the broad basin which has long 
been known by the barbarous name of .T ackson's Hole. This has a length 
of about twenty miles, and -varies from fi\Te to ten miles in width. This 
in~ludes portions of the different terraces, all of which are more or less 
covered with sage-brush. Near the butte, large areas of the sage bad 
been burned off, and the grasses had grown up densely, forming fine 
pasturage; and on these we again encountered antelope, which bad not 
before been seen by us since we entered the Upper Madison Canon. It 
is said that, Juring the winter, when the grass is covered, they live upon 
the sage itself. This plant was now full of seeds, and the innumerable 
little chipmunks which burrow in the plains and hills were buss gather
ing them, biting off the long spikes and stripping them from end to 
end, passing them back and forth through the mouth, as one would an 
car of corn. 

The pebbles of the terrace-·gravel have thus far been mainly quartzites, 
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·and still continue such on the east side of the basin; but, nearer the 
western range, considerable proportions of granite and gneiss pebbles 
are now mingled with them. Aconsiderable excitement was stirred up, 
a few years since, by reported discoveries of placer-gold in large quan
tities on the Upper Snake, and many prospectors visited this region. 
A small hydraulic operation was undertaken near this point; but the 
gold was too fine and in too small quantities to pay, and the whole 
region was entirely abandoned after a few months. The coarse g-old, 
found on the lower part of the Snake, appears to have entered the river 
below the canon, which is still to the south ward of us. 

The Gros Ventre Fork emerges from the eastern hills about opposite 
the North Butte, but runs off down the valley, some eight or ten miles, 
before joining the Snake. Passing up its canon for a short distance, the . 
following section was taken : 

1. \Vhite, friable, false-bedded sandstones, 10 feet. 
2. Covered space, about 100 feet. 
3. Irregularly-bedded, pale gray and buff, magnesian limestones, 50 

to 60 feet. 
4. Pale-red friable sandstones, darker and shaly below, 300 to 350 

feet. 
5. Compact, fine-grained, gray sandstone, 15 to 20 feet. 
6. Brown, coarse, friable, false-bedded sandstone, GO to 80 feet. 
7. Coarse, friable, red sandstone, ~0 to 50 feet. 
8. Compact, dark-drab, fossili!erous limestones, 300 to 400 feet. 
Near the mouth of the calion, the Carbouiferous limestones of No.8 

form the \valls, capped, as w~ asceud, by Nos. 7 aud G. As tllese pass 
below the stream's level, No. 5, which iorms the top of what I suppose 
to be Carboniferous, commences a new cliff, and is covered by the 
Triassic(?) beds of No. L!, whieb form prominent red blnffs aloug the 
stream for ma,ny miles. The compact to vesicular, variously-coloretl 
and partly bit.uminons limestones of No.3 showed no fossils, and 1 am 
uncertain whether to refer them to the Triast:\ic or to the .J nrassic, but 
favor the latter reference. The covered space of No. 2 showed nothing 
from which one could even infer t be character of the buried strata. 
The friable saud stones of No. 1, which cap the hills for some miles, are 
probably late Tertiary. The clips of their false bedding imply an open 
sea to the northward during their deposition, while those of No. 6 face 
eastward and southeastward. The lower beds, which should make their 
appearance along the face of tlle mountain to the south of the Gros 
Ventre, are so much covered with the partially-cemented Post-Tertiary 
sands and gravels as to be not readily recognized from the plain, and 
time did not permit a closer examination. Judging from the dips of the 
lowest beds seen, I sllould expect to find here the lowest Silurian, under
laid by metamorphic rocks, forming an axis which may connect the 
TetonR with the Wind River Range. 

Just south of the mouth of the Gros ·ventre, on the east side of the 
Snake, stands a cluster of hnttes, known as the South Gros Ventre 
Buttes. The western one ba~ a high, broad nortbern face of red, gray, 
black, brown, and variegated .porphyritic breccias, including much 
jasper, but partly porous, loose-textured, and even ashy. The beds are 
much distorted, but have a general northwesterly (lip. The lower end 
of the butte is tapering, long and low, and appears to consist mostl.v of 
Post-Tertiary sands and gravels. At its southern extremity it rises 
quickly into a sharp butte, composed of horizontal beds of gray lime
stone, unfossiliferons, but apparently of Carboniferous age. The same 
beds form the face of the mountain to the eastward. Three other 
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buttes lie east of the more northern part of this one, and evidently 
originally formed one with it. 

These buttes greatly narrow the plain, which, immediately below 
them, expands into Jackson's Little Bole, whose flats are mainly upon 
the east side of the river and measure about four miles wide by per
haps ten miles long. Here, also, the sage bas been burned off and re
placed by grass. For several miles, from above the mouth of the Gros 
Ventre, the river bas gravelly bottoms from half a mile to three-fourths 
of a mile wide, cut up by the several channels and partly occupied by 
beaver-dams. Of course, fords are numerous. 

The only practicable pass across the Teton Range, so far as known, is 
about opposite to these South Buttes; and our main party left the river 
at this point. Mr. Taggart reports both slopes of the pass tolerably 
regular and gentle, except for a short distance just at the summit, bnt 
that the eastern is somewhat the steeper. The Carboniferous limestones, 
which were the only rocks noticed until tho summit was passed, are 
nearly horizontal, have only a slight southerly or southeasterly dip; but, 
in descending the western slope, this dip increases to al>Out 45°; and 
overlying, red, sbaly sandstones, probably of Triassic age, appear at one 
point on the trail, w bile limestones, apparently those previously referred 
to the Upper Silurian, form considerable cliffs or spurs, a short distance 
to the northward. There would seem to be considerable displace
ment thereabout. The porphyries of Pierre's Hole appear at the mouth 
of the pass, at the elevation of about 7,000 feet, and form an the foot-hills 
of the mountains on the southwest side of that hasin, until the actual 
bottoms of the Snake are approached, where tbe basalt appears. The 
track of the party lay so far out in the basin that there was little or no 
opportunity for examining the character of anything more than the · 
foot-hills of the western mountains. 

At the lower end of Jackson's Little Hole, the so-called Grand Canon 
of the Snake commences. The ri\er turns sharply to the eastward aud 
cuts through the laminated sandstones which apparently overlie the 
Carboniferous limestones. Just at the mouth or the cafion, the upper 
terraces close in, and are capped by bastioned walls, 100 feet or more in 
height, of a pale-red sandstone, overlaid, as we sec in looking back from 
lower down the canon, after this turns south again, by hea,~y beds of 
dark-red, sbal.v sandstone, appearing like, and occupying nearly the 
relat.i\e position of, the 'rriaRsic (¥) on the Gros Ventre, except that., 
below them, there come in several hundred feet of thick and thin bedded 
and shaly, gray and green sandstones, with interlaminated calcarf'ous 
shales. These co~tain plant-remains, but so thoroughly comminuted 
that I was notable to find a single recognizable fragment. At the angle of 
the calion, these dip strongly to about N. 78° E., and a long section of 
them is exposed on the east side of the stream; but in about a half mile 
they become horizontal, and, again, a mile lower, at the mouth of 
Hoback's River, dip 100 to about S. 630 W. 

Boback's, so named for a hunter of the Pacific Fur Company in 1812, 
by :Mr. Wilson G. Hunt, as reported in Irving's Astoria, brings in a 
large volume of water from the eastward and plainly drains a large 
area upon the western slope of the \Yind Hiver Mountains. Its valle.v, 
though narrow near its mouth, was at one time the favorite route for 
the Indians in crossing to the Green River Valley; but, latterly, they 
have preferred the Gros Ventre route for some reason. The red beds 
bold a prominent place near the top of the high cliffs, for a half mile or 
more above the forks, but the valley is too winding to give much of a 
view. Just below here, a strong creek comes in from the west, appar-
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ent.ly draining a considerable area of the mountain. It approaches the 
river by a successiOn of cascades over successive layers of the saud
stones. As we deseend the river, these beds come up in two anticlinals, 
one low and flat and the second mountainous, with dips reaching 70o, 

. and coming down steeply to the river on both sides. The axis of the 
second anticlinal is occupied by a narrow fold of limestone, through 
\Vhich escape several warm springs. A small cluster of these, escaping 
among the gravel in the edge of the river, on the south side, emit an 
abundance of sulpbureted hydrogen. Though somewhat mixed with 
the river-water, they gave a temperature of 117o. About a hundred 
yards below this, a group of calcareous springs bas built up a dam of 
tuff, so as to flood sm~eral acres about the vents, which are now inacces
sible. The general flow from the pool gave a temperature of 940. Just 
opposite these springs, in the lower part of the sandstones, as they 
re-appear on the west side of the anticlinal, there are exposures of two 
or tllree heavy beds of black, calcareous shale and friable clay, witll 
som~ harder bituminous mud-stones, which appear, from short distances, 
precisely like coal outcrops. Fragments of teeth and bones, probably 
belonging to amphibians, occur in tllese layers. Above them there are 
some thick beds of chert. 

Here the river turns south again, and runs for about two miles along 
the west side of the anticlinal, with sharp slopes on either banks. Turn
ing west again, we cross three anticlina1s, in the third of which consid
erable displacement has taken _place, so that the Carboniferous comes 
boldly up, and, after this, forms the mass of the mountain clear through 
the canon. The lower portion of these beds consists largely of san·d
stones and shales, though including heavy beds of limestone; higher 
up, the limestones form a heavy mass for several hundred feet, partly 
compact, partly fragmentary, overlaid finally by more shaly beds, 
making a total thickness of 2,000 feet or more. A few fossils of the 
genera SpiTifer, ll'lacrocheilus, and Zaphrentis were seen in the debris. 
The lower layers weather to nearly white, while the upper ones are 
stron·gly buff. All through this series, the calion is narrow, with steep, 

. often perpendicular, slopes and hardly any bottoms. The river mainly 
occupies a deep channel, with a broad shelf of rock on one or both 
sides, which is barely covered at this season. Crossing would be impos
sible without swimming the stock. Many of the steep slopes are covered 
with spruces, and their angular tops, lapping over each other, on the 
opposite side of the canon, give the effect of diamond-slating on a roof, 
though with the angles reversed. Upon these limestones. we begin to 
find again great numbers of the smaU maples seen farther E-Duth. 'rhese 
are said by the hunters to be somewhat on the increase in this region. 

About ten miles through these limestones bring us to the mouth of 
the calion. Through much of its upper course the stream is quite rapid, 
and almost deserves the name, Mad River, applied to this part ·of it by 
the early trappers; l.mt there is little that would have proved trouble
some to experienced voyage~trs, and probably none that would prove 
really dangerous. (See Irving's Astoria, cllapter xxxi.) · 

The terraces, thougll only fragmentary through the canon, now spread 
out into broad sage-covered flats on either side of the river, and the 
higher slopes become much more rounded. Just at the month of the 
canon, John Gray's River, which heads far to the south, on the divide 
towardBe<:lf River, comes from the soutlleast, through the same mountain
mass, and with apparently just such a canon as the one we have just 
}eft. At its mouth, a heavy mass of ' cemented bedded gravel shows 

• 
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down-stream dips of 170, apparently implying great rapidity of current 
over a rapid into a deep pool at some former period. 

About two miles below, Salt River also enters the Snake, through a 
broad-terraced valley, which looks as if it were really the continuation 
of the lower valley of the Suake. But for misinformation as to dis
tances, we should have explored tuis valley up to the salt-works before 
descending the Snake. It seems to afford an eas.r passage through a 
\aluable region. The calion through wltich we bad just come, though 
having a reputation for very difficult traveling, was passed by us with 
ease, and really presents but verJ' slight obstacles to building a railroad, 
if one ~Yere desired from this point to Yellowstone Lake or beyond, or 
merely to give convenient access to the rich basins of Jackson's Hole 
aud Little Hole. Furthermore, a road, reaching this point from either 
the lower or the upper Bear River Valley, would have then the alterna
tion of passing down the Snake with easy grades to the east side of the 
valley of Henry's Fork, with the advantage of crossing the river where 
its channel is narrow and its banks far above any floods. 

The Snake here turns sharply north ward into the continuation of the 
valley of Salt River, with high mountains of Carboniferous limestoues 
on tile east, showing some castellated walls, ~mel lower aml more 
rounded ones on the west. Two or three miles below the mouth of Salt 
River, a small stream from the ·west was thick with mud from the 
Caribou gold-washings. 

Th_e valle,y is here located by an anticlinal fold; and the nearly vf'r
tical limestones of its axis are finely exposed along the foot of the \Yes t
ern bills. Here, also, is located a cluster of warm Rprings, making cal
careous, sulphurous, and saJine deposits. The largest EJI)l'ing, the 
Wash-tub, las built up a flaring table, 1 foot high, of an oval form, 
measuring about 4~ bs 72- feet, upon a mound consisting of calcareous 
mud, scarcely solidifie(l, of from 5 to 7 feet above the creek-bottom in 
which it stands. The central tablo has contracted so as to crack across 
diagonally, and tpe flow now escapes at its western base, depositing a 
fine mud tinged in the full pools with a faint sulphur-yellow, but pure 
white in the dry ones. These pools cover the mound in descending 
steps of great beauty. The present flow is southward, though it has 
been on all sides in succession. The deposit on the surface of the 
mound is still very soft, and showed at the time of our visit (October 6) 
the tracks of a small bear, who had recently investigated tlie wonders 
of the mound, even setting his foot on the central table. One mound, 
no longer active, is 5 feet high, with a circular base of about 5 feet 
diameter and an oval summit of about 1 foot by 6 inches. Many small 
springs escape along the bank for a hundred ya_rds or more. The 
deposits vary greatly· in color. At some points, the odors of sulphurous 
acid and of sulphureted hydrogen were quite noticeable. The older 
deposits have built up a bank 10 feet high, along the base of the terrace; 
and the beavers have taken possession and have dammed up on it the 
waters of the cold springs which flow from the second terrace at short 
intervals along this plaiu. On the opposite shore, two considerable 
spriugs have built up their deposits again~t the foot of tlw mountain, 
one of wuicb appears to be nearly dead. The highest temperature 
observed here was 144,0. The Wash-tub gave 142o and others 1420. 
140o, 9oo, sso, &c. 

The deep cuannel, seen through all the lower part of the calion, (~on
tinues for several miles down the valley, and fords are at all points 
much rarer than in the upper valley. The stream is narrower on the 
average, and the amount of water has been much increased. 
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As the valley turns westward, it becomes somewhat narrower; and 
laminated porphyritic trachytes appear on the northeastern side, at first 
capping the spurs like jsolated forts, and then forming, as it were, a row 
of casemates just below the crests of the hills. At two points this rock 
descends nearly to the water's edge; but the valley soon opens .out 
again, witll broad bottomR on tlle east for several miles, to opposite the 
mouth of Fall Creek, where basalt appears upon the eastern side as it 
had done on the western some miles higher up. The upper part of this 
valley-flat is covered with sage-brush, but the lower half is full of the 
richest of pasturage, except only such portions as are occupied by 
beaver-dams and bayous. Along these water-courses, large thickets of 
black-haws were most thickly covered with ripe fruit, but the crop of 
service-berries was almost an entire failure in all this region. At sev
eral points w~ notice(! the abundant rose-bushes covered with hips, 
which were so soft when ripe as to have the translucent appearance of 
berries and to be very pleasant eating. This did not appear to be a 
specific character, but was probably cousequent upon the shortness of 
the season, which, after .tile fruit is well developed, prevents the secre
tion of tlle large amount of woody fiber whicll elsewllere commonly 
forms so llard a covering to the rose-hips. All tbr:::>Ugll the calion, as 
well as along this lower valley, we noticed innumerable young plants of 
the lupines, which abound in this region, prepared to make vigorous 
growth as soon as the short summer opens. 

Fall Creek heads Sk>me miles to the southward, in John Gray's Lake, 
near the Caribou mines, and here leaps into the river over a terrace of 
basalt perhaps 30 feet high, forming a ver,y pretty fall, which bas given 
the local name to the stream. A short distance below, we ford(~d with 
difficulty, the water coming over our saddles. From this point the 
basalt lines both sides of the river, with very slight exceptions, to the 
Great Snake River Basin, and, according to report, to the Columbia. 
About four miles below Fa.U River, these basalt-walls close in the river's 
edge and form the lower calion. At this point, two distinct beds of 
basalt appear, separated and underlaid by beds of river-sand, partly 
loose and ·nearly white, partly dark greenbb and rusty brown, and eon
siderably cemented with iron. These sands include great numbers of 
pebbles of bas::tlt partly rounded. At one point, the lower bed of basalt 
slopes eastward at an angle of about 15°, indicating a probable source 
of flow situated in the mountains to the southwestward, though possibly 
due rather to upheaval. At another p-:>int, the basalt is curved above 
beds of sand and gravel having a curved surface, which plainly formed 
a bar in the old river-.bed. These deposits spread up against the edges 
of limestones and sandstones of tlle mountains on either side. 

At the base of the mountain on the southwest side of the valley~ just 
above the head of this lower canon, calcareous deposits, from now extinct 
springs, form a heavy mass, reaching about 100 feet up the mountain 
side. A small butte, nearly separated from the mountain behind, 
divides from the main valley the basin of a small stream w bich goes by 
the name of Swan Vallev. The base of these western mountains is eom
posed of gray quartzites~ followed by coarse and fine white sandstones, 
and a very fine-grained white dolomitic limestone, all of uncertain age, 
though older than the overlying limestones, which contain a few Car
boniferous fossils. The dips are sharp to tlie southwest, and the wash 
of the stream brings down fragments of red sandstone, which indicate 
that the higher beds here occupy their regular position. 

The lower canon is walled with basalt for from 200 to 400 feet, in 
many places perpendiciilarly, though elsewhere the slopes are more mod-
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erate. On the upper slopes, west of the broad plain whieb borders the 
top of these cliffs, there are two other beus of basalt and one or por
phyritic trachyte, separated by only thin beds of saud and gravel, which 
reach to the top of the southern hills, about G,700 feet above the sea. 
Tile canon bends northward to the base of t.he northern mouutains, and 
there winds for some fifteen or twenty miles before opening gradually 
to the broad plain of the Great Basin of the Snake River. 

As we Lad descended from the month of Salt River, tue timber bad 
gradually disappeared from the bills, until we now found ouly the scat
tered groves of small cottonwoods which mark the hollows where the 
snow lies late, or mingle with the willows along the bauks of tue few 
small streams whieh escape from the hills into the sage-covered plaiu. 
From near the mouth of the canon, a lwlt of cedars runs along the course 
of a high-water bayou on the south side of the river and forms a con
spicuous feature of the otherwise featureless plain for many milt>s. 

Some three or four miles below the mouth of tllis last eafion, a small 
hot spring, 4 or 5 feet across, stands on the north bank of tlle river, 
about 20 feet above the bottom. This 'Yas not visited by any of our 
party, but was reported by our guide to be too bot for one to bold his 
hand in it for more than a lmlf miuute. \Vhite spring-deposits were 
seen, from a distance, at several points on the north bauk, but there is 
believed to be no flow at these points at the present time. 

Joining the main party here on the evening of October 8, we passed 
over the sage-plain described in the record of onr outward trip, crossed 
Willow, Sand, and Blackfoot Creeks, and reaclled Fort llall 011 tile lltb. 
TJe facts observed during that time, and unring the f:_,llowing twelve 
days, while we awaited Dr. llasden's arrival to pay oft' and discharge 
the party, have been iueorporated in the earlier part of tbi:o; report. 
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Pll1SICAL GEOGRAPHY AND AGRICULTURAL RESOURCES 
OF MINNESOTA, DAKOTA, AND NEBRASKA. 

'VASHINGTON, D. C., JJJarch 1, 1873. 
DEAR SIR: Herewith I present a partial report of the results of my 

explorations of the year 1872 in Minnesota, Dakota, and Nebraska. 
The time employed in preparing another report (which bas already 

been submitted) anu a temporary separation from the survey have pre
vented me from preparing and submitting at this time a full and com
plete report in regard to the agricultural resources of the very interest
ing region visited by me. I have, therefore, thought it best that I should 
prepare at present but a preliminary report, elaborating one or two 
points only which bear upon the agricultural resources of this section, 
and which I might make somewhat complete in time for publication 
the present season. Another important reason for this course, aside 
from the want of time, was that, having entered upon the discussion of 
the climatology of this region, as exhibited by the meteorological records, 
it became evident that important and valuable results might l>e obtained 
by a more full and complete discussion of all the records of that portion 
of the West situated between the l\Hssissippi River and the SierraN evada 
Monut~ius. But to do this required more time than remained previous 
to the publication of your annual report for the year 1872. It also 
required the preparation and printing of certain charts, which could not 
be properly done in time. Therefore, with your consent, I determined 
to devote a portion of the present season to the preparation of a special 
report on the climatology of the West. }"'or this reason much of the 
material I bad already prepared does not appear in this report. 

These explanations will suffice to account for the meagerness of the 
report herewith submitted, although the material obtained was equal in 
amount and importance to that of any former year of my connection 
with the survey. 

In my introductory remarks I give an outline of what the full report 
may be expected to contain. At present I have confined myself chiefly 
to a discussion of the physical geography and topography of that por
tion of the Northwest visited during the summer of 1812. 

As m our former visits to the West, I have met with the kindest 
treatment at every point and on the part of all with whom my duties 
brouglrt me in contact. The railroad anu stage companies in Minne
sota, Nebraska, Dakota, anu Kan~as have, in every instance where I 
stated my business and my connection with your survey, granted me 
passes over tLeir lines, thereby greatly lessening my expenses, and 
enabling me with the means at my command to extend my examina
tions over a much larger area than I could otherwiRe have done. 

It is, perhaps, proper that I should mention by name those companiGs 
from which I have received these favors. The railway companies were: 
Northern Pacific, Saint Paul and Pacific, Saint Paul and Sioux City, 
Illinois Central, Union Pacific, Burlington and Missouri River, and Kan
sas Pacific. I also received a pass from Mr. Blakesly over all the stage
lines he represented in :Minnesota, and from 1\iessrs. Haskell & Cheney 
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over their line from Sioux City to Yankton. I am especially indebted 
to Governor Burbank, General McCook, General Beadle, and others, of 
Southern Dakota; Colonel Stutsman, of Pembina; General H. Thomas, 
Colonel J. C. Bates, Dr. Dubose, 1\lr. Skinner, and others, for their as
sistance and for information furnished by them . 

.As a summary of results, I may state that, although in some respects 
the portion of our country visited did not meet entirely my expecta
tions, founded on the exaggerated and glowing descriptions of specula
tors and others interested, yet it presents a bread-produ~ing area 
equaled by but few and surpassed by none on the continent. Its capac
ity as a wheat-growing section is · immense; so great, in fact, that the 
figures stagger our belief when first presented. .1\.s a beef-producing 
section its resources are great, the grazing excellent throughout the 
entire area. 

The fact of its great capacity in reference to these two articles renders 
its development of great national importance. 

Trusting that my action may meet with your approval and that this 
report may be satisfactory, I remain, yours, very respectfully, 

OYHUS THOMAS. 
Professor F. V. HAYDEN. 



INTRODUCTORY REMARKS. 

The chief object of my explorations during the past season was to 
examine into and report upon the agricultural resources of Dakota Ter
ritory ; yet it was expected that I would at the same time extend my 
observations to the immediately surrounding portions of the Northwest 
similar in character and which might have any bearing upon the devel
opment of the resources of Dakota. 

A slight examination of this section, added to the previous knowledge 
I bad obtained in regard to it, sufficed to convince me that, to thoroughly 
understand its agricultural resources, it was important to investigate 
the climatology and physical geography of the great prairie-belt lying 
along the eastern margin of the great trans-Mississippi plains. 

llere, running north and south, is found the dividing line between 
two regions and climates as different from eaeh othf'r as that of Europe 
from that of Asia; here, in fact, in an agricultural, climatological, and 
phssical point of \iew, is the real dividing line between the ea~Stern and 
western portions of the continent. We have long looked ·Upon the 
great Hocky .l\Iountain Range as the dividing line of the continent, and, 
so far as the flow of water is concerned, this is so; but the more this 
region is examined the more apparent does it become that in other re
spects tllis is far from being the rule. The chief dividing line between 
the two great continental climatic areas stretches north and south along 
the broad undulating plains of Kansas, Nebraska, Dakota, &c., and 
corresponds very nearly with the one hundredth meridian. Here, too, 
is the di\iding line between great agricultural, faunal, and floral areas. 

In regard to climatology several important questions arise, two of 
which deserve special attention, and which, if possible, should receive 
at least approximately correct answers. The first relates to the isother
mal lines through Wisconsin, 1\linnesota, and Dakota, especially the 
lines of mean summer temperature. This is the more necessary from 
the fact that l\fr. Blodgett, in his work on meteorology, has assumed that 
the mean lines of summer tempf'rature make a rapid bend northward 
after p~ssing west of Lake Michigan; and this statement bas been used 
largely in the efforts to induce emigration to that portion of the N ortb
west. If it is true that this remarkable flexure does occur here, it must, 
as a matter of course, have an important bearing upon our estimate of 
the agricultural resources of this extensive region. I have, tllerefore, 
made it a special object to test the correctness of this assumption by 
all available data, which have been considerably increased since the 
date to which Mr. Blodgett's caleulations extend. Without intending 
to forestall my investigations on this point, I may state that, while it is 
true a vers remarkable flexure in the isothermal lines does occur here, 
yet the investigations I have made indicate that it is much less than Mr. 
Blodgett represents it to be. 

The second climatological question relates to the rain-fall. It is well 
known that on the east side of the plains, as in Minnesota, Iowa, Mi~
souri, and Arkansas, the average annual rain-fall is sufficient to supply 
the moisture necessary for the production of the cereals and other agri
cultural products. On the other hand, it is almost as well known that 
irrigation is necessary at all points on the plains lying along the east 
base of the Rocky Mountains. Therefore, it is evident that th~ boundary 
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between these two regions-that of sufficient and that of insufficient 
rain-must be found somewhere between the east base of the Rocky 
]\'fountains and the west line of the States last named. It becomes, 
therefore, very important to determine where this line is. It IS true 
that the transition may be gradual and render it difficult to fix it with 
any great degree of exactitude, yet it must be possible to determine it 
approximately. The importance of this will scarcely be appreciated by 
those who have not come practically in conta.ct with the question; but 
the individual who haii gone beyond this line and opened a farm upon 
the broad prairie, depending upon the rain-fall alone to supply his crops, 
bas learned by sad experience that knowledge which ought to be sup
plied to the public. But land-speculators and others, who are interested 
iu settling up this portion of the West, are often too sanguine in their 
belief in regard to favorable climatic changes, or are regardless of the 
sufferings and hardships they cause by a too favorable representation 
of the climate of this uncertain section. I dislike to make such state
ments, but I deem it a duty to speak plainly on this point. There is no 
neces~ity for any misrepresentations in regard to this part of the West; 
the facts are sufficiently favorable; and if these, and these only, are pre
sented, in the end the result will be better for the country and even for 
the particular· section. I have, therefore, made this matter the subject 
of special investigation, but in this report will only give a short sum
mary of the facts, as I expect hereafter to present the whole subject of 
tile .climate of the West in a special report. 

Although the topography of the country presents great uniformity 
in character, the general level being interrupted by no elevated peaks 
C9r extensive mountain-ranges, yet the physical geography is not devoid 
of interesting and important features, as within the bounds of the region 
under consideration are the initial points of three of the most import
ant water-basins on t,be east side of the continent. 

As the surface-soil also presents great uniformity in character, another 
important item to be exami11ed was the nature of the subsoil; but as 
this bas been penetrated at comparatively few points in the newly
settled or unsettled p0rtions, the data obtained was necessarily meager; 
yet sufficient bas been ascertained to show that it varies much more in 
the different sections than the surface-soil. I do not allude so much to 
its chemical ingredients as to its productive qualities. 

Althoug·h a knowledge of the present condition of climate, soil, and 
topography is sufficient to determine the agricultural value, yet there 
are some questions relating to the pbysical conditions which are so 
intimately connected with these practical points that a full and ex
haustive report should embrace them. I allude particularly to the last 
geological chauges which have resulted in the present condition of the 
surface and climate. I include ".climate" ·because I am thoroughly 
convinced, after studying this subject for several years, that, so far as 
the amount of moisture is concerned, the present condition has resulted, 
in part at least, from the effect of the last geological change that took 
place in the surface. But, unfortunately, my knowledge of geology is 
not sufficient to discuss this question properly, even if I had all the data 
necessary to do so, and the geological surveys which bave been made 
of tbis section have not been directed particularly to the surface-features. 
It is true that Professor Hayden, in his very interesting resume 
(Chapter Xli) of his report of 1870, touches upon this subject, alluding 
to its importance and expressing tbe desire to return to its investigation 
at some future time. It is to be hopeil that he may be permitted to 
carry out this desire at an early day, as there is no one who more highly 
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appreciates the value of the surface-geology of this section, in which 
be spent so many of the early days of his explorations, than be does. 
Professor Winchell, in his first annual report of the Geological aml 
Natural History Survey of 1\iinnesota, bas devoted a short chapter to 
this subject so far as it relates to that State. Owen, in Lis Report on 
the Geology of '\Visconsin, .1\linnesota, and Iowa, mentions numerous 
important facts bearing upon this subject, but does not discuss it 
specially. But no one, so far as I am aware, has as yet discussed the 
relation of the last geological change in this section to its present 
climatic condition. This, therefore, still remains an open field for 
inquiry and investigation. 

The valleys of the rivers, the weathering of the bluffs and terraces, 
the dry coulees, as well as the vast amount of local drift near the base • 
of the Rocky 1\IonntZtins, show beyond a doubt that, at some very recent 
period in a geological sense, the amount of water which fell was much 
greater than at pre.sent. I allude not to the remote period, when it was 
submerged, but to a period since the waters receded, for it requires 1:10 

geological eye to detect these evidences and to determine that they 
relate to a time 1ong subsequent to the last emergence, heuce attribut
able to rain and snow. 

It is therefore evident that between that time and the present a grea,t 
change has taken place in the climate in regard to humidity; that it is 
mucllless now in tile western portions of Dakota, NQbr~§ka, and Kansas 
than it was in the past. This question then a.rises: Ilas the change in 
this direction ceased~ If not, tlleu we are forced to the conclusion 
that this section is still growing drier. If it is true-and I think it will 
scarcely be denied by any who have directed their attention to the sub
ject-that such has been the <lirection of the climatic changes in the 
past, one of two conclusions is iuevitable, viz, that there are no grounds 
for expecting a more favorable climate (in regard to llumiclity) in the 
future, (l)r that the change in the directim;t indicated has· ceased, and 
consequently a reaction must take place. On this important point I 
have collected some data which I expect to present in my meteorological 
report. 

As the immense belt under consideration is one almost continuous 
prairie, devoiu of forests, which must be devoted almost wholly to farm
ing and pastoral pursuits, it is apparent that its future development 
depends to a great degree upon the means of transporting its products 
to market and of reaching the forests of the States lying east of it. It 
is therefore very desirable, in this connection, to obtain some idea of tb~ 
extent and character of the forests and the extent and direction of tlle 
constrnctt~d and contemplated railroad-lines. 

1 

Although I have not made the former a special object of inquiry and 
investigation, yet sufficient information in regard thereto has been 
obtained upon which to found a conclusion in regard to the auequacy of 
the supply of lumber for the next generation. To examine the immense 
forests of Minnesota and Wisconsin in person, with sufficient thorough
ness to determine their character, would require several years; but, 
fortunately, these States have for several years been gathering statistics 
concerning them, which are accessible, and of which I shall avail myself 
in this or a future report so far as I deem it necessary to do so. 

Any report relating to the present extent of the railroads would be of 
but temporary value, as the various lines are being so rapidly extenued, 
and new ones being formP,d in such rapid succession, that what is true 
to-day will fall far short of being true a few years hence. 

A 'tery important question, and one of national interest, arises in con-
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nection with this su bj~ct. What is, or· is likely to be, the effect upon the 
industries and development of this portion of the country of land-grants 
to railroads by Congress~ This has assumed such vast proportions that 
it behooves the statesmen of our nation to examine the subject with 
great care, and not be led away by the simple and conceded fact that 
these grants hasten the settlement of t1lle section of country in which 
they are made. ' 

This is a matter which already agitates the public mind; and in no 
part of the country have we a better opportunity of stud.ving its effects 
than in the Northwest, where the grants have been most numerous and 
extensive. 

When the public mind becomes aroused in relation to a given subject, 
and a tendency to reaction becomes manifest, politicians are apt to seize 
upon the opportunity of riding into position upon the current of opin
ion, and, instead of striving to lead it to a corr~ct conclusion, striYe to 
carry it to the other extreme, and often thereby cripple national indus
tries instead of correcting abuses. It is proper, therefore, that the facts 
in respect to such subjects should be spread before the public at as early 
a day as possible. As I cannot enter upon an examination of this im
portant question, I desire to call attention to it. 

PHYSICAL GEOGRAPHY . 

.As the surface features and configuration of any section ha\e an im
portant bearing upon its climatology and agricultural resources, I will 
present first a sketch of the pbysical geography of that portion of the 
Northwest at present under consideration. Although I shall, when I 
discuss the climatology, embrace a larger area, I will at present confine 
my remarks chiefly to Minnesota, Dakota, Iowa, and Nebraska. 

Foster, in his excellent work on the physical geography of the Missis
sippi Valley, has presented in a very attractive form a description of the 
leading characteristics of the vVest ;. therefore it will be unnecessary for 
me, in describing the features of a limited section, to repeat what has 
been so well set forth. I will,. for this reason, confine myself to the more 
minute details, and especially to the hypsometrical data. 

Notwithstanding this region, which has been not inaptly termed the 
"New Northwest," presents no elevated mountain-ranges or lofty peaks, 
to break the somewhat monotonous contour and form sharp dividing
lines between the water-~ystems, yet its geographical features are not 
devoid of interest in a scientific point of view, nor without important 
influences on the climate. Who can predict with certainty what would 
be the climatic effect of a rugged forest-clad mountain-range running 
east and west from the base of the Rocky Mountains to the Mississippi 
River~ Who can tell what would be the result of such a barrier to the 
winds which now sweep across these vast plains~ Who can foresee with 
certainty the effect even of a continued forest o\er this immense area Jl 

This country may be described in general terms as one immense com
paratively level area, consisting of slightly rolling and marshy, timbered 
sections in the northeast and broad, open, undulating prairies in the 
west and southwest. 

The eastern portion, from Lake Superior to the Mississippi, is covered 
chiefly with pine .and tamarack forests, and to a large extent wore or less 
marshy, especia,lly in the eastern and northeastern part of MinneRota, 
but fauing out and changing somewhat in character as we move south
ward, the marshes entirely disappearing in this d1rection. A lengthy 
but narrow forest-strip runs north and south along the west side of the 
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Mississippi River, consisting almost entirely of deciduous trees, sach as 
oak, elm, ash, &c. But this strip, as it approaches Iowa in its southern 
extremity, is more or less broken up by prairie-belts, and there confined 
chiefly to the ri \'er valleys. 

The remaining portion of the entire area lying west of this timber-line, 
and extending to the base of the Rocky Mountains, consists of broad, 
undulatiug, treeless plains, channeled by numerous streams, and dotted 
in its eastern portion with numerous small lakes, which decrease in num
bers and acquire a saline character as we move westward. Tllis part 
is, in fact, one section of the great plains of the interior, which stretch 
northward from Mexico to Arctic America. 

The gn~at uniformity in appearance aud sameness of character of this 
part of the country would apparently forbid any lengthened description 
of its geograpllical features-and to a great extent this is true-yet. there 
are some facts aud peculiarities wortl.ly of our attention and study, 
especia.li.Y as there are some problems connected with these broad, open 
areas which have not as yet been satisfactorily solved. "\Vl.ly are they 
devoid of forests~ is a query often propounded, and, although approach
ing solution, has not been answered to the entire satisfaction of our lead
ing physicists. If we reject the vie~ of Lesquereux, that the " prairies 
are due to peat-growth," and the view of other physicists, that they are 
due "to the texture of the soil," and also exclude as uuworthy of con
sideration the very general opinion that they have been produced by the 
annual burnings-for this applies only to their perpetuation and not to 
their production-and accept the very plausable theory of Newberry, 
Foster, Hayden, and others, that this condition arose from a want of 
sufficient moisture, we have advanced but one step in the proceRs of solu
tjon, and find ourselves confronted by auotller question equally difficult 
to answer: What caused this lack of moisture on the plain:s ~ Aull why 
are the prairies of Nebraska, Kansas, and Dakota drier tllan those of 
Iowa and Illinois~ Doubtless the presence of the large body of water 
in the lakes of the north-SuperiOl' and Michigan-oYer which currents 
of air already charged. with moist~ue sweep down from tl.le northeast, 
the approximation of the Gulf of Mexico, and the J\lissi:ssippi running 
north and. south aloug the border of the eutire area, will go far tmvard 
furnishing an answer to the latter inquiry. But it is not my intention 
to pursue t1Jis investigation at this time; when I enter upon a discus
sion of the climatology I may present some facts which I think bear 
upon the subject. 

The water-drainage of Minnesota and Dakota forms one of the most 
interesting and important features in the physical geography of this sec
tion of tlle West. Although there are no marked or prominent water
sheds here, yet the streams which originate in this limited area belong to 
three different water systems or basins: that of Hudson Bay, the lake or 
Saint Lawrence Basin, and the Mississippi or Gulf Basin-one draining 
north, one east, and the other south, :showing a higher general elevation 
of the surface here than in either of these directions; that is to say, if 
we move north, east, or south from this area, we descelHl Professor 
Wenchell makes the following statement in regard to the topogravhy of 
Minnesota:* 

The intimate relation subsisting between the geology and topography of the State 
is more evident than in some of the other States in tbe Union. The causes 'vhich de
termine the location of the great c~nt.inental water-shed are tbose which determined 
the existence of the Laurentian aud Lake Superior ranges of igneous and metamorphic 
rocks. The area of tllcse rocks .iu Minnesota, as well as in Wisconsin and Michigan, 

"Geological and Natural History Survey, Minnesota, (1873,) p~ge 45. 
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includes some of the sources of the great river-systems of the Northwest and of the 
C!iWti:r;wnt. From tuis area, since pre-Silurian times, streams have run in all directions 
toward the ocean. Within this area, in the State of Minnesota, are the headwa,ters of 
the Saint Lawrence system of drainage, which enters the Atlantic Ocean t,oward the 
east; those of the Mississippi, which enter the Gulf of Mexico toward the south, and 
those of the Reel River of the North, which, taking an opposite course, find the ocean
level toward the north through Hudson's Bay, in British America. This water-shed 
consists not ~n the form of a definite and abrupt ridge. 

This fact, which does not find an exact paraJlel at any other point jn 
the comparatively level portion of the interior of the continent, marks 
this area as one of peculiar interest in the study of the physical ge
ography of the Mississippi Valley. 

The Mississippi and Red Rivers form the chief lines of drainage, and 
it is worthy of notice that these run in exactly opposite directions. The 
Missouri .River, from its great bend in the northwest corner of Dakota, 
runs a little east of south, the Mississippi almost directly south, while 
the intermediate waters find their way directly north through Red River 
to Lake Winnepeg. 

It has been remarked by some writer that geologists and geographers 
often fail to appreciate the value of the facts they obtain in regard to 
the direction of the leading streams and elevated. ranges of the coun
tries they explore. A1t.hough I do not claim to be a geologist, yet I am 
strongly inclined to believe that the fixing of the channels of these 
streams belongs to the closing scene of the Drift period. And this 
opinion corresponds with the idea already expressed by Professor 
Hayden:* 

At a modern period it is probable that the waters of the ocean swept high upland, 
reaching nearly to the foot of the mountains. The great water-courses had already 
been rnarked out; consequently we find the yellow-marl or loess 50 to 150 feet thick in 
the immediate vailey of the Missouri, but thinning out as we recede from it or the 
valleys of any. of its branches. 

The cuts given in Professor Winchell's report on the survey of Belle 
Plaine, Minnesota, indicate that he holds substantially the same opinion. 
But in his geological report, before referred to, and which was received 
after this report was draughte<l, he expresses his opinion on this point 
as follows: t · 

The course of the surface -drainage is, in this case, (where the drift is very thick,) 
dependent very little on the character of the underlying rock. But where the drift is 
lighter, the direction of the subordinate streams is often determined by the bearing of 
the sedimentary rocks. A stream is most likely to be locatedm the depression caused 
by the erosion or other destruction of the outcropping edge of a soft or friable rock, 
the more persistent formation adjoining it, above and below, forming the divides 
between it and other streams. Other causes, however, principally those t:fnperinduced 
by undulations in the stl'ata over loug distances, so as tu cause them to leave the direc
tion of the r>rincipal or tributary valleys, and the varia.tions of level brought about by 
the unequal deposition of the drift during tlle prevalance of tlle ice of the glacial 
epoch) have very generally marked the effect of unequal erosion of the strata on the 
direction of surface-drainage. 

The direction of th@ streams of Dakota and Northern Nebraska un
doubtedly falls within the last category, as their channels seldom reach 
the bottom of the drift. We may, therefore, safely assume that the 
direction and lines of water-drainage were already marked out at the 
close of the Quarternary period, and doubtless previous to the last sub
mergence of this portion of the Northwest. 

An examination of the direction of the tributaries of the leading 

*Report Ul70, page 175. 
t Geological and Nat ural History Survey of Minnesota, page 46. 
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streams mentioned will serve to indi~ate the direction of the descent of 
the different parts of their basins. Thus, the trilmtaries of the Missouri 
which flow into it below the bend present a very marked contrm;t in 
direction; tlwse on the west side, as Heart, Ree, Big Cheyenne, "\Vh1te, 
and Niobrara Rivers, flow almost directly east; while those on the east 
side, as James, Vermillion, and Big Sioux, flow almost dire~i;tly south; 
showing clearly that the channel of the l\1issouri marks the termination 
of the effect of the descent from the mountains, and that east of it tlte 
descent is from the north. But it must not be inferred froru this that 
the descent toward the east absolutely ceases at the 1\lissouri, for thi~ is 
not correct, as (in Dakota) it continues-as will be seen by the tables of 
altitudes-as far east as the valley of Red Hiver; but the channel Qf the 
l\lissouri is the boundary ol the eastward flow. After giving the tables 
of altitudes I will again allude to this subject, and mention some other 
causes for this change of direction. 

A somewhat singular feature is presented by the tributaries of Red 
River; as a general rule, those on the west side flow southeast and 
those on the east side southwest until they strike the immediate .valley 
of the river, where they bend abruptly northward. This would indicate 
a southern descent for the bordering plains, while it is evident the broad, 
level valley of the river has a slight northern descent. 

Although, as will hereafter be shown by the tables of elevations, the 
plain from which the waters of the Upper l\lississ1ppi are gathered is, 
in a manner, segregated from the broad western slope, yet the same 
direction of drainage is preserved, the western tributaries flowing 
southeast, while t.l1e few easte:rn ones within Minnesota flow south ward. 
This direction is preserved, notwithstanding, a~ in Southern Minnesota 
the descent of· the bordering surface of th~ co.untry is directly opposite 
to the course of the streams. 

If we move southward to the latitude of Iowa and Nebraska, we shall 
find the drainage almost wholly eastward or southeast, that toward the 
south being less marked than in the northern section. In Nebra~ka it 
may be said to be entirely eastward, some of the northern tributaries of 
the Platte only bearing a little southeast. The drainage of Iowa is in 
great part to the southeast, a few minor streams running southwest into 
the Missouri River, indicating a narrow western slope along its western 
boundary. 

It is evident that the vertical topography is of the utmost imporb;mce 
iu studying the physical geography of any section, and more especially 
is this the case where the outlines are not rugged, but where thP. long 
rounded swells and apparently level plateaus are calculated to df~ceiYe 
the eye. I have, therefore, collected all the data to be obtained ou this 
point, particularly what refers to the surface of Minnesota and Dakota; 
and fortunately the recent surveys of lines through this seetion of the 
Northwest for the purpose of locating railroads have fnrnislled us with 
sufficient material to enable us to form a tolerable correct jdea of its 
topography. Therefore, before proceeding further, l insert the follow
ing lists of elevations and distances, which ~ave been furnished in most 
cases from the officers of the roads mentioned. One or two haYe been 
copied from the report of Professor Winchell, heretofore referred to, and 
some of the tables furnished me have been corrected by this report. 
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TABLE I.- A list of elevations and distances along the line of the Lake 
Superior and JJJississippi Railroad, running frorn Duluth on Lake Supe
rior to Saint Paul, JU innesota. 

I 
Distance fro~ I Height above 

Duluth. t11e sea. 

Miles. Feet. } 
Surface of Lake Superior-----· ............ -----·................... 6001. 
Duluth. . . . . . . . . .. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G05 
Thomson ...................... _ ... .. . ... ... . .. .. .... 22 1, 027 
Highest point on the road ................. _.. .. .. .. .. 33 1, 166 
Moose Lake depot.................................... 45 1)052 
Kettle River depot .. ___ ... ___ .. __ . _ .......... _... .. . . 60 1, 112 
Hinckley, at Grindstone River .................... _... 78 1, 023 
Lowest between Hinckley and the next summit_ ......... -.-..... .. .. 1, OOG 
Summit.............................................. 80 1, 023 
Summit.............................................. 86 986 
Pine City, at Snake River............................. 90 944 
Point two and one-half miles south of Snake River..... ...... .... .... 978 
Rush City, at th•) creek............................... 101 908 
Goose Lake ... __ ... . . . . • . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . 886 
Next highest y.oint .... ...... ...... ....... ...... ...... ...... .... .... 915 
North Brancl1, at the creek........................... 113 883 
Between No;·th Branch and Wyoming................. ...... .... .... 906 
Wyoming, at the river................................ 125 887 
Wyoming, at the depot............................... ...... .... .... 897 
Forest Lake depot .... _ .. _.. . .. . .. .. . . . .. .. .. . . .. .. .. 129 904 
Summit between Forest Lake and Rice Creek . . . . . . . . . 132 953 
Rice Creek........................................... 13:3i 916 
Centreville depot .. . . .. .. .. .. .. .. . . .. .. • .. . .. . • . . . .. . 138 927 
Junction at White Bear Lake . .. .. . . .. . . . . .. . .. . .. .. . . 143 920 
Summit between White Bear Lake and Saint PauL.... 145 959 
Between Phalen's Lake and Saint Paul...... . .. . . . .. .. 1!)1 870 
Lowest water in Mississippi, at Saint Paul............. 155 676 
Highest water in Mississippi, at Saint PauL....... . . . . . . . . . . . . . . . . . . 697 
Standard generally used for Mississippi, at Saint PauL. .. .. .. . .. . . . .. 680 

TABLE II.-A list of ele1,ations and distances front the 1..cestern extrem·ity 
of Lake Superior, at D1.tluth, to the JJiiBsouri Ri'Qer ltt the mo'ltth of Beart 
River, along the line of the ~Northern Pacific Railroad. 

Distance from Height above 
Duluth. the sea. 

Miles. 
Lake Superior, at Duluth .......................................... .. 
Food du Lac . . . . . . . . • • • . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Thomson, (Dalles of Saint Louis River).... . . . . . . . . . . . . 22 
Junction............................................. 24 
Otter Creek, (bed of the creek).. .. .. . . .. .. . .. . . . .. .. .. 27 
Norman, (natural ground) ...... ...... ...... ... ... .... 34 
Kettle River, (bed oHhe river) ...... .... .... .. . .. .... 42 
Kettle River, (natural ground)...... . . .. .. .. .. . . .. .. . . 45 
Island Lake,(grade) .. -~.... .... ... ... .. . ... .......... 46 
Tamarack River, (natural ground) . ... .... ...... ...... G2 
Sicottes, (grade) .............. ,......................... 58 
Sandy River . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 65 
Kimberly............................................ 76 
Rice River . . . . • . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 81 
Aiken . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 88 
Cedar River, (bed of the river)........................ 92 
Cedar River, (natural surface) . . . . . . . . •. . . . . . . ... . . ... 97 
vVithington .....•. .... ...... ...... .... .... ...•.. ...... 98 
Brainard, (at Mississippi River, grade)................. 115 
Brainard, (river bed) ---- ............•..•...••..•.••....••••......•• 
Frenchman's .....••....•...••••• ':..... . • . • . . . . . . . . . . . 121 
Pillager .........• :. . . • • • • • • • • • • • • • • • • • • . . • • • . • . . • . . . . 127 

Feet. 
600 
606 

1,036 
1,080 
1,126 
1,333 
1,285 
1,359 
1,302 
1,309 
1,265 
1,222 
1,231 
1,248 
1,203 
1,193 
1,299 
1,270 
1,205 
1,138 
1,206 
1,195 
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TABLE JI.___.:...A list of elevations and distances, &c.-Continued. 

Crow Wing River, (bed of the river) .•..............•.. 
Motley_ .................... _. .....•...•.......... - ... . 
Hayden's Branch, (creek bed) ...•....•................ 
Aldrich ...........•................... ~ ..........• _ .. 
Wadena ........................•..........•.......... 
Leaf River .........••....•.................•......... 
Frazee ..............................•• .; •...•........ 
Otter-Tail River, (bed of the river) .................. . 
Perham •............•...........•.................... 
Hobart ............................................. . 
Otter-Tail River, (natural ground) ................... . 
Pelican River, (Led of the river) .................... .. 
Detroit ...........................•.................. 
Oak Lake .................. • .................•........ 
Audubon .......................................••... 
Lakeside ................•............................ 
Hay Creek, (bed) .................................. .. 
Hay Creek, (bed) .................................. .. 
Buffalo River, (bed) ................................. . 
Buffalo River, (beu) ....... __ , ...................... .. 
Hawley .............................. __ ! __ ......... .. 

Muskoda .................•........................... 
Reel River Flats .................................... .. 
Glyndon ............................................ . 
Moorhead, (on Reel River) .......................... .. 
Reel River, (top of bank) ............................ .. 
Red River, (bed ofriver) ............................ .. 
First Cheyenne crossing ............................. . 
Summit between the two crossings ...........•........ 
Second Cheyenne crossing .......................... .. 
Lake Eckelson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , .... . 
Summit between Cheyenne and James Rivers ........ .. 
James River ........................................ . 
On Coteau of the Missouri ........................... . 
Divide, Coteau of the Missouri. ..................... .. 
On Coteau of the Missouri ........................... . 
Missouri River, (at mouth of Heart River) ............ . 

Distance from Height above 
Duluth. the sea. 

Miles. 
136 
137 
143 
151 
161 
166 
175 
183 
1H5 
196 
201 
206 
207 
211 
214 
219 
2:!4.2 
226.6 
227.4 
230.1 
230.4 
235 
242 
243 
252 

258 
306 
311 
329 
342 
346 
366 
387 
425 
440.5 

Feet. 
1,197 
1,220 
1,224 
1,330 
1,349 
1,310 
1,409 
1,!H8 
1,:160 
1, :~87 
1,4~0 
1, 3!~7 
1,362 
1 3G7 
1:308 
1,3% 
1,200 
1, 167 
1,150 
1, 1:~2 
1, 145 
1,083 

978 
927 
903 
902 
8f>7 
900 

1,445 
1, 2!30 
1,418 
1,495 
1,393 
1,!'"61 
1 795 
1:873 
1,700 

TABLE III.-.A list of elevations and distances a long the Saint Paul and Pa
cific Railroad, from Saint Paul to Breckenridge, on Red River, assmning 
low water in the Mississippi River at Saint Paul to be 680 feet above the sea. 

Mississippi River, at Saint Paul ...................... . 
River at Saint Anthony ............................ .. 
Minneapolis Station .................... ---- ......... . 
Wayzata ....................................•....... 
Delano ............................................. .. 
Howard Lake .........•..........•.... ----. ---- . -.- .. 
Darwin .........................•.................... 
Willmar .....•...•.•...•...•...•............••....... 
Benson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . • •..•... 
Summit ............................................ .. 
!I orris ...............•. - •. - - -- .. - - - .. -. - -- . · - - - • · · · · · 
Summit •..........•.....••....•...•................. 
Herman Station ..................................... . 
Gorton ..•..•...............................•..•...... 
Rabbit Run .................•.....•.•.•.........•.•.. 
Breckenridgli ..........................•.. -•... - •..... 

Distance from Height above 
Saint Paul. the r,ea. · 

Miles. 
0 
9.5 

10.5 
24 
40 
54 
62 

105 
1:34 
151.5 
159 
1Gt 
1'id 
185.5 
201 
217 

Feet. 
680 
795 
825 
926 
9l8 

1,044 
1,12'2 
1,119 
1,037 
1 162 
1:117 
1,146 
1,058 
1,012 

972 
953 
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TABLE IV.-A list of elevations and distances along the Saint Paul and 
Sioux City _IJ,ailroad from Saint Paul to Le Mars, assuming low water 
at Sa·int Paul to be 680 feet above the sea-level. 

Distance from Height abo-ve 
Saint Paul. the sea. 

Belle Plaine ......................................... . 
Blakeley ..........................•................. 
East Henderson ...•.......•... -- •.................... 
Le Sueur ..........................•............. . ... 
Ottawa ..... : .......................•.. ...... -~---· .. 
Kosa ta ...•....... ~ .......................•........... 
l\fankato ............................................ . 
South Bend .............•.....•...................... 
Crystal Lake · ...................•.................... 
Madelia ...........................•.................. 
Saint Jarnes ......................................... . 
Butterfield .......................................... . 
Mountain Lake ...................•.......•........... 
Bingham Lake ...................................... . 
Wiudom ................... ......................... . 
Wilder .............................................. · 
IIerou Lake .......................... ----~- ••.••..... 
Hersey ...................................... - ...•.... 
vVortbingto111. ...... . ................................ . 
Bigelow ............................................ . 
Sibley .............................................. . 
Le ~fars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

MileB. 
47 
52 
58 
63 
69 
77 
86 
90 

100 
110 
121 
·130 
137 
143 
148 
154 
160 
170 
178 
188 
196 
245 

Feet. 
785 
789 
795 
815 
851 
8;)7 
853 
870 

1,057 
1,002 
1,061 
1,167 
1,281 
1,401 
1,330 
1,4'27 
1,398 
1,469 
1,f>68 
1,607 
1,489 
1,200 

TABLE V. -A list of elevations along a line r~tnning from Morris, on the 
Sa·int Paul and Pacific Railroad, southwest across the Coteau of the 
Prairies and the Coteau of the Missouri to Fort Sully, on the JJiissouri 
River. J{easured by Mr. J. D. Skinner, engineer. Estimated from low 
'Water at Sa·int Paul. 

Low water at Saint PauL ....•......••••••........................ 
Mo1 ris Station ...................................•................ 
Lake Traverse, (top of the bluff) ................................. . 
Lake Traverse, (bottom of the bluff) . ............................ .. 
Summit between Morris and Lake Traverse ....................... . 
Summit of the Cotean des Prairies, (on the line) ................... . 
Western foot of the coteau ....................................... . 
Bank of James River .............................................. . 
Water-level of James River ....................................... . 
Summit ofthe coteau between James River and Fort Sully ......... . 
Average of the Missouri bottom at Port Sully ...............•.....•. 
Water-level of the Missouri River at Fort Sully ................... . 
Water-level of the Missouri River at Cheyenne Agency .•.........•.. 

Height above 
the sea. 

Feet: 
680 

1,120 
1,080 

960 
1,168 
1,968 
1,498 
1,288 
1,260 
1,942 
1,420 
1. 3'98 
t; 415 
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TABLE VI.-A 'miscellaneous list of elevations in various parts of ]Linne
sota a·~td Dakota, mostly barometTical. 

LOCALITIES L~ MIN.NESOTA. 

Leech Lake ...•.....................•.........•...........•....••. 
Around Lake Itaska ..................................... ......... . 
Lake Pemidji .................................................... . 
Lac qui Parle .......... .......................................... . 
Plain near New Ulm ............................................ .. 
Plain, latitude, 44° 1G'; longitude, 95° ........................... . 
Near Lake Shotek, latitude, 44° 10'; longitude, 95° 42' ............. . 
Bluffs east of Big Stone Lake ..................................... . 
Bottom-land around Big Stone Lake .............................. . 

LOCALITIHS IN· DAKOTA. 

Latitude, 47° 10' ; longitude, 970 30' .... _ ........ · ................. .. 
Latitude, 47° 4~'; longitude, 97° 30' ............................... . 
Latitude, 44° 10'; longitude, 99° 40', (bend of the Missouri) ........ . 
Latitude, 46° 30'; longitude, 97° 30', (Cheyenne River) ........... .. 
Devil's Lake ..................................................... . 
Mouth of Little Missouri ......................................... . 
Burnt Island, near the mouth of Heart River ...................... . 

Fort Union, (two estimates) ..................................... .. 

Upper plains, near the mouth of the Yellowstone .................... · 
Fort \Vadsworth ................................................ . 
Surface of the Coteau des Prairies ............................... .. 

Height above 
the sea. 

Feet. 
1,3:30 
1,680 
1,456 

946 
1,064 
1,1~0 
1,578 
1,070 

966 

1,102 
1, 168 
1,463 
1,22H 
1,467 
1,830 
1,690 

5 1, 970 
{ 2, 017 

2200 
1:896 

1,860-2,046 

TABLE VII.-A list of elevations and distances along two lines 'running 
noTthwaTd j one ~tp the JJJississippi, fTom Saint Paul to Brainard, the 
otheT along the Red lliver Valley, from Glyndon, on the Northern Pacific 
Railroad, to Pembina.* 

Distance from Height above 
Saint Paul. the sea. 

UP TilE MISSISSIPPI. 
Miles. 

Saint Anthony, (water-level)...................... 9. 5 
Rice Creek, (water-level) ...................... _...... 17 
Rum River, (water-level).... .. .. .. .. . .. .. .. .. .. . . . .. . 27.5 
Elk River, (water-level).............................. 43 
Saint Cloud, (water-level)............ .. .. .. . .. .. .. .. .. 75 
Sank Rapids, (water-level) ........................................ . 
Platte River, (water-level)............................. 95 
Nokay River, (water-level)............................ 120 
Buffalo Creek, (water-level)........................... 134 
Brainard, (water-level)...... .. . . • . .. .. .. . . .. .. .. .. . .. . 137 

Feet. 
791 
807 
831 
881 
953 
982 

1,0S4 
1,1~4 
1,1G7 
1,184 

*In this table low water at Saint Paul is estimated at 676 feet above .the sea-le\el. 
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TABLE VIL-A list of elevations and distances, &c.-.-Continued. 

Distance froin Height above 
Glyndon. the !'lea. 

FROM GLYNDON TO SAINT VINCENT OR PEMBINA. 
Miles. Feet. 

Glyndon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 923 
Buffalo ·River, (grade)................................. 3 919 
Wild Rice River, (grade).... . . . . . . . . . . . . . . . . . . . . . . . . . . 28 910 
Rolette Station ................ -.... . . . . . . . . . . . . . . . . . . 42 894 
Kittspn Station ---- ...... .... .... .... .... ...... ...... 58 886 
Red Lake River, (grade) .......... ----................ 64 862 
Three bundreLl and forty mile-post.................... 102 851 
Tamarack River, (grade).- .-......... --...... .. .. •. .... 113 830 
South Branch, Two Rivers, (grade) . . . . . . . . . . . . . . . . . . . 137 815 
Red River bank at Saint Vincent, (opposite Pembina)__ 156 792 

Four of these tables (II, III, IV, V,) give us the elevations of trans
Terse sections almost and in some cases directly along east and west 
lines; crossing the direction of the leading streams at right angles, 
enabling us to judge quite correctly in regard to the topography so far 
as it relates to this direction. From Table VII we learn the descent of 
the ..Mississippi River from the crossing of the Northern Pacific Railroad 
to Saint Paul, and the descent of Red River from the same line northwara 
to the British line; and by bringing together the elevations on the same 
meridian from tbe differenL lines mentioned in these tables and from the 
Union Pacific and Kansas Pacific lines, we can obtain at least an 
approximately correct idea of the topography along north and south 
lines. 

Beginning with the north line along the Northern Pacific road and 
tracing it westward, we find a somewhat unexpected uniformity of 
elevation in the timbered <J.istrict which extends from Lake Superior 
westward some fifty or sixty miles beyond (west of) the Mississippi 
River, and as we move farther westward, although, with one material 
exception, we find the variation to be gradual and generally ascending, 
yet we shall notice ve.ry marked and striking changes in the character 
of the country traversed. 

Starting from the surface of Lake Superior at Duluth with an altitude 
of GOO feet above the sea-level, we rapidly ascend the rugged encircling 
bluffs, and in a few miles reaeh a hPight of 1,280 feet. This we find, by 
examining Table II, is about the average level of a line across the State 
of Minnesota at this latitude, until we reach the valley of Red River., 
when we again descend some 300 feet. From this average the ,extremes 
along the railroad line seldom, if ever, vary more than 100 feet. There 
is a sligllt depression in the immediate valley of the Mississippi, as at 
Brainard and. Pillager, but it is certainly much less than we would be 
led to infer from a comparison of the higher margins of this plain or 
plateau with the much lower level of Lake Superior on one side and 
that of Red River Valley on the other. Even this central depression 
will, in a gr(>at measure, disappear if we follow a direct line from Duluth 
to Moorhead, instead of following the southward curve of the road as it 
approachet:l the river, for in moving south it descends proportionally. 
As we approach the divide between the waters of the Mississippi and 
Red Rivers, there is an ascent of about 100 feet above the average, and 
nearly 200 feet above the former river. As a matter of course, the road 
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is constructed along the lowest levels; therefore our figures in the tables, 
as a rule, represent the lowest points of the surface, and give us but 
little idea of the local and isolated irregnlarities in the contour; and 
especially is this the case where the line crosses a divide l>etween 
different water-basins. In this case we should proba.bly add 150 or 200 
to the figures given in the table to get a true a\Terage of tlle elevation 
of this diviue, which is here called Leaf Hiver Ilills, and which exten<l:; 
some distance north and south. 

If we move north from the point where we cross the Mississippi, fol
lowing up its valley, we observe that the ascent is rather more rapid than 
toward the west, as will be seen by the following list of elevations taken 
from General Humphreys' report on the Mississippi Ui\Ter: 

I 
Above the
sea-le~·el. 

Feet. 
Mouth of Sanely Lake River ............................... _ ... __ .... _. 1, 253 
Mouth of Swan Hiver ............ _ ---- .................. ·----- -------- 1,2~0 
Head Falls of Peckagama .............................. __ ............. 1, ~ -W 
Mouth of Leech Lake Hiver .................... _ ..... _ ..... --·. __ .. __ . 1, :~::>6 
Entrance to Lake Cass ................. _ .... __ ...................... __ . 1, 402 
Entrance to Lake Traverse._ .•........•.... _ .... _ .......... _.......... 1, 456 
Itasca Lake ................... ·········------·······----------------·· 1,575. 
Utmost sources of the Mississippi............ . . . . . . . . . . . . . . . . . . . . . . . . . . 1, otlO• 

As a matter of course, before we pass the divide in this direction a still 
hig·her point will be reached, although there is no marked ridge sepa
rating tbis basin from that north of it. 

If we pass westward to Red River we find the elevation, where the 
road crosses it, but 900 feet aboYe the level of tbe S(:la; and as we move 
northward. along its course it gradually descends, until, at Pembin[l, tbe 
altitude, according to the railroad-surveys, is but 7!12 feet above the sea. 
It is therefore evident that in passing from the basin of the Upper l\1is
sissippi into Red River Valley we have descen(led to a geueralleYel 
about 400 feet lower, and in doing this haYe passed over a broad rim 
from 100 to 300 feet higher than the upper plateau. 

What the vertical topography is northeast from the sources of the 
Mississippi, I am unable to say; but, as tile waters of tllat section flow 
northward and eastward into another basin, it is evicleut the descent is· 
in th~tt direction, and the list of heights along Nameukan and Hainy 
Lake Rivers, from Lake Superior to the J.Jake of the \tVoo<ls, as given in 
part below from the geological report of .l\fr. Hin<l, will show at least the 
amount of this descent to that line or water-ley·el. As a matter of course, 
there is some kind of a divide bet.ween these two basins, but those who 
bave passed over it at different points say that as a general thing it is 
an imperceptible swell; in some places it is marked by low ri<lges, which 
separate the numerous marshes of this portion ofl\liunesota. The prom
inent ridge marked in some maps as running eastward from the south
ern margin of Hed Lake is wholly imaginary. 

The following list of elevations along the Nameul'mn and Rainy Lake 
Rivers, taken from the geological report of Mr. Hind, gives us the slope 
of the main channel of this northern international basin, an<l is very im
portant in this connection, although part of the link between it and the 
Mississippi Basin is wanting: 

10 G S 
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Stations. 

Mouth of N:uncukan River ...•................ 
Grand FallK Portage .......................... . 
Lake .._rameukan ............................. . 
Rainy Lake .................................. . 
l\Iauiton Rapids .............................. . 
Lake of t.be ·woods .......•.................... 

ALONG WINNiPEG RIVER TO LAKE WI-NNIPEG. 

Granc1c Dechargc ...... --· ..................... . 
De l'.IIe Pnrta~e .............................. . 
Roche Bnl.lce Portage ........................ . 
Orter 1-\tlls .•......... ·-~--· ................ .. 
lbunetLakc ..................... ............. . 
Big Bonnet Portage .......................... . 
Fort Alexander ............................... . 
Lake Winnipeg ....................... _ ..... .. 

Distance from 
Lake Superior. 

Miles. 
23~~ 
245 
207 
301 
336 
45:~ 

487 
510 
544 
560 
585 
590 
614 
657 

Height above the 
sea. 

Feet. 
1,117 
1,082 
1,044 
1,035 

996 
977 

!)50 
901 
8~3 
810 
744 
6139 
628 
628 

I regret tbat this line cannot be extended east"·ard direct from Rainy 
Lake to Lake Superior; but I have been unable to find any record, if 
one was ever made. Yet from this list, imp~rfect as it is, we learn some 
important facts, among which the following may be mentioned as of 
special interest in the present examination: That the divi<le between 
Lake Superior and I{aiuy Lake, wbich bere is directed nortbeast, main
tains an elevation equal to that immediately west of Duluth. It is 
true that, at the point where J\fr. Hind struck the channel, the elevation 
was a little less than that immediately back of Duluth, but the rest of 
the table as given in his work, but not quoted here, shows that at a 
sl10rt. distance northeast of that point the altitude is 1,300 to 1,400 feet 
above the sea. And, as Owen asserts in his Geological Survey of Wis
consin, Iowa, and Minnesota, the bordering rim of the immediate Lake 
Superior Basin increases iu height toward the northeast. 

A second faqt '"'"e learn from this list is that the slope of the Winni
peg Basin along this line is tolerably rapid toward the northwest, reach
ing at Lake Winnipeg a level only 28 feet aboYe that of Lake Superior. 
It sl.tmvs also that Rainy Lake is fully 600 feet lower than the extreme 
sonrce of the :Mississippi and the !.Jake of the Woods 700 feet lower. 

'-L'lle elevation of Red !Jake may have been ascertained, but if it has 
I have been unable to find the record; yet I think we have good reason 
to infer that it is less than that given for the source of the .Mississippi. 
It is drained into Red River at a point where the elevation is only about 
850 feet above the sea; the length of Red Lake River, by which its 
waters are carried off, is probably not more than one hundred miles, 
twenty-five or thirty of wllich are through the remarkably flat valley 
of Red Hiver, and, so far as I can learn, the rest is without any con
siderable falls. I allude thus particulady to the elevation of this lake 
as it will assist us in determining the height of the rim of the Missis
sippi Basin on the northwest, and t.he character of the descent to the 
l{ed River Basin in that direction. By bringing together these facts we 
are enabled to form a tolerably correct idea of the configuration and ele
vation of the northern, northeastern, and northwestern boundary of 
the plateau of the Upper Mississippi Basin. 

The line of the Saint Paul and Pacific Railroad to Breckenridge, 



GEOLOGICAL SURVEY OF THE TERRITORIES. 291 

although presenting a less rapid ascent while passing through the tim
ber-strip-some fifty miles in width-reaclles an average of 1,100 feet 
above the sea when we arrive at the prairie-belt which forms the divide; 
but when we arrive at Breckenridge, near the bead of Heel River, w<~ 
have again descended to 953 feet above the sea and nre only 50 feet 
higher than at Moorehead. If, instead of following the railroad-line, 
we move up the valley of the Minw~sota RiYer to its sonrce in Big 
Stone I.1ake, cross o~rer to Lake Tra~7erse, and pass northward down 
Red River, we find a very remarkable channel, which reaches at 110 

point an elevation of more than 960 or 970 feet abO\·e tlte sea-level, 
or abont 280 or 290 above the Mississippi at Saint Paul. This im
mense furrow, connecting the drainage of Hudson Bay witll that of the 
Gulf of Mexico, reaching at no point an elevation of 1,000 feet above 
the sea, possesses great interest in the study of the physical geography 
and surface-geology of the Northwest. Here, in all probability~ will be 
found the key to the last act in the great geological drama of this sec
tion, and here undoubtedly will be found the last traces of the union of 
the arctic and tropic oceans across the bosom of the coutinent. It was 
here the waves of these two great seas gave their parting kiss before 
their long separation. But it. is not my intention to dwell on this iuter
esting topic; this is the work of the geologist who delights to dwell in 
the fading scenes of the far distant past. My business is with the pre:seut 
features, and the oqject I baYe now in view is the dull and prosy one 
of conveying an idea of the topograplJy of the region drained by the 
headwaters of the great father of waters, our own noble 1\iissi:ssippi. 

It is evident, therefore, from what bas .been said and from the lists of 
elevations given, that these waters are gathered from a moderately ele
vated and segregated plateau, whose border, starting from the vicinity of 
Lake Superior, sweeps around northwest until it approaches the valle.v 
of Red River, attaining its maximum altitude in the direction of Red 
Lake; thence bending south it fades away in the rolling preliries as it 
approaches the chanuel of the ;Minnesota River. Rising from 300 to 
1,000 feet abo\Te the surrounding regions it slopes southward and from 
the east and west sid.es, especially the latter, inwardly toward the cen
tral channel. 

As before remarked, in traveling westward from Lake Superior to the 
1\.fissouri Hiver, although we may, as a general rule, find a very great 
uniformity in altitude, we shall, on the other ba.nd, fi11d very strong con
trasts in regard to the character and covering of the surface, and also 
marked climatic differences. Leaving the _last until the subject of cli
mate is introduced, I will call attention h<>re to the other differences 
which are important items in making up our estimate of the agricultural 
resources. 

This basin, as a whole, differs very materia11~' from the regions farther 
west in the fact tllat the larger portion is covered with forests, the 
western and more elevated portions alone consistiug of prairies. The 
ninety-fifth meridian corresponds very nearly with the didsion between 
the two portions, although there are we~t of this line some scattering 
oak-groves, and immediately east of it a few isolated prairies of small 
extent. The entire portion of the State east aml northeast of the Mis
sissippi and for a short distance west of it, north of Saint Paul, is 
covered almost entirely with pine and tamarack forests. And within this 
pine-covered area is found anotlJer Yery marked distinction from the 
section west of Red River. And I call special attention to these differ
ences between Minnesota and Dakota, for the reason that, when we come 
to examine the climate, especially the raiu-fall, we shall find a difference 
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scarcely to be expected. The northeastern part of the State may be 
characterized as the region of Rwamps and bogs. A strip of some fif
teen or twenty mHes in width around the western end of the lake-which 
is reqmred to reach the summit of the bluff-and which is rapidly as
cenc1ing and mostly rngged, as a matter of course is well drained; 
but as soon as we pass beyond this limit we enter upon a succes ion of 
bogs and swamps separated by low ridges a few feet in height, which 
continue until we come near to the Mississippi, and are, in fact, repeated 
for a short distance west of it at some points. These ridges, which 
appear to be composed entirely of drift-material similar in character and 
color to the underl_ying or neighboring rocks, seem to have a general 
north and south or northeast and southweRt direction. This parallel
ism of even these small swells between the boggy flats is but a repeti
tion on a small scale of a remarkable feature of this part of the North
west to which .I have already alluded in speaking of the course of the 
l'ivers. Owen calls special attention to it in his report on the geology 
of this region as follows, (chapter iv, p. 333 :) 

As wbat I conceive to have been great valleys in the rocky strata of large portions 
of Wifo' consin and Minnesota have been filled up, and the country, in a great measnre, 
leveled by the accumulation of innnem;e deposits of drift, it is not possiule to determine, 
with anything like accuracy, the width of the original valleys, nor the ex act Jin es of 
the ant iclinal axis separating them ; but the distances from one synclinal line to 
another may be ascertv.ined now, witll as much precision as the linear surveys of that 
region, together with the draughts of the principal streams in the unsurveyed portions 
of the Territory, by members of the geological corps, will permit. Thus, from the 
valley of Chippewa River, at the mouth of Mauiclowish to that of the Upper Saint 
Croix, in a direct line and at right angles to the course of the valleys, is abont sixty 
miles; and from the valley of the Saint Croix to that in which the Mississippi flows, 
between the outlet of Sanely Lake and the mouth of Crow Wing River, in the same 
direction across the strike of the valleys, is about sixty-two miles ; and from this por
tion of the valley of the Mississippi to the next parallel valley-in whieh Leech Lake 
is sitna,tecl-is about fifty miles ; and from the valley of Leech Lake to the next great 
parallel valley northwPst of it-the one in which Red Lake lies-is about sixty-eight 
miles; showing a remarkable degree of uniformity in the undulations of the ernst of 
the earth tbronghout a very extensive region of conntry. * * There are 
three great systems of valleys in che Northwest, besides numerous subordinate ones, 
the valleys of each system preserving a very uniform degree of parallelism with one 
another and with the smaller valleys between the anticlinal axes. 

He then proceeds to enumerate the various valleys of the~e systems 
by the names of the rivers occupying them, showing this parallelism to 
prevail to such an extent, not only in regard to the larger valleys and 
streams, but even in respect to the numerous smaller water-courses and 
valleys, as to make it evident that it arises from some law connected 
with the geological forces and structure. He gives it as his opinion 
that the great structural featul'es of the country are due to subterraneau 
movements, acting at different periods on an immense extent of the 
crust of the earth and with great uniformity during each epoch, and not 
to loeal disturbances only or to mere alterations of the surface from 
glacial or diluvial action, however much these agencies may have 
altered the face of the country. 

This may be, and doubtless is, true in regard to the direction of the 
larger divides and valleys, but it will scarcel,y apply to the small ridges 
whjch separate the bogs and swamps of Northeastern Minnesota or tbe 
smaller parallel ridges of Dakota and Nebraska. Water alone, or water 
and wind were certainly the forces that formed these; perhaps glacial 
action may have played a part in originall,y outlining them. , 

Leaving the northeastern part of the State and moving westward 
across the Mississippi toward tile opposite boundary of the basin, we 
observe a very mal'ked and important cllange in regard to the surface-
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co,~ering. The pines with their dark-green foliage and the gloomy 
tamarack gradually disappear, and for some distance we pass tluoug-h 
groves of deciduous trees, chiefly oak, with some intermixture of elm 
an<l ash. About the ninety-fifth meridian we emerge upon the open, 
rolling prairies; yet for some <lh;tance the l'OlllHle<l ll.illocks are oftf'u 
covered with open gro,Tes of oak, and the little interveniug basins are 
oecupied by clear, limpid lakes, presenting a charming lan<lscape. Here 
perhaps will be found some of the most beautiful spots in the State
and. by "here" I intend that strip runuing from Red Lake Bouth, includ
ing Becker and Otter Tail counties aud following the divide between 
the basins-the green, grassy sward cm-ering the gently-rounded knolls 
and gradual slopes and carpeting tlle snrface amid the open oak-gron,s, 
where the trees appear as regularly distanced as thongh they had been 
planted by the hand of man. At tlw foot of almost every slope is 
a ueautiful, clear lake1et, filled with finny triues. vVe could searcely 
imagine a scene more charming: 

It is a Ringular fact that the entire surface of this western prairie
divide, wllich separates the Upper l\lissist-:\ippi Basin from the Yalle.r of 
HE'd River and from the upper part of l\linn?sota RhTer Valley~ is dotted 
witll innmnerab.le lakes of small size, many of which are withont au.v 
visible outlets. If we examine a good, late map of the State, made on 
a scale of sufficient size, we shall fin<l an immense circlet of these lake:-; 
extending from Saint Paul north west and then north and northeast, to the 
source of the :Mississippi, following, as a general rule, the more elevated 
portions of the country aud the diYi<les between the streams; it is said 
that not less than ten thouRa1id of these lakes are to be fonnd in tLe 
State. Wh.v are these found so generally on the diYides and the higher 
gronnd ~ "'That connection is there between the two I? These are inter
esting questions, to which I ma.y hereafter recur either in this or a future 
report, for it is eYident tllat the existence of these lakes in this position 
has an important bearing npon tho hygrometric condition of the atmos
pl.Jere and the amount of the rain-fall in this portion of the country. 

Continuing our course wcstwanl along the same line upon which we 
originally started, we next pass down a gentle slope of some 400 feet 
<lescent into the broad valley of Heel Hiver. This \all~y, or rather 
plain, for such it really is, extends northward from Lake Traverse to 
Lake Winnipeg, haYing an average wi<lth of thirty or thirty-five miles, 
one uniform level scarcely interrupted by a swell or depression, saYe the 
chanuels cut by the tributaries., which enter almost at regular inten-als. 
There is perhaps no' place on the continent that so fully meets our idea 
of a '' :flati' or "dead-level" country as this valley. Professor Owen has 
truly remarked that "nothing, however, but personal observation can 
con\Tey to the mind the singular effect produced by this uead-level 
plain. The line of the horizon is so perfectly straight that it might 
serve the purpose of astronomical observation for determining the alti
tude of the heavenly bodies. Wllile standing on this great saYauna, 
ftraining my eyes in quest of some object more prominent than a blade 
of grass, it occurreu to me that there is probably no spot on the globe 
more suitable than this on which to measure a degree of latituue." It 
is ouly personal ouservation that can couyey to the mind the effect of 
this singular feature; even the gentle slopes, which border it, appear in 
the distance as abrupt ulufl's when we gaze at them across this level 
surface. 

The Saint Paul and Pacific Railroarl, which runs diagonally across it 
for forty miles, during this distance is without a. curve~ a fill, or a cnt, 
save what is necessary to rerno,-e the sod. It is one immense meadow 
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of tan, waving grass, interrupted every twelve or fifteen nnles by a 
narrow fringe of trees, chiefly oak, that lines the bank of some tributary 
which flows into it from the east or west. The descent of the stream 
north\vard, counting along a direct line, is about one foot to the mile, 
l>ut if we follow its windings the fall will be less than this amount. 

Passing westward beyond this valley we observe a very distinet 
change in the scenery. Here the treeless plains spread out before us in 
long, rolling swells, in that peculiar and son,Jewhat semi-gloomy grandeur 
wl.lich belongs alone to the great trans-Mississippi plains, of which this 
is a part. The surface gradually ascends and becomes more undulating, 
broken into long, low, rounded ridges, smooth, grassy knolls and hil
locks, furrowed here and there by the narrow, deep canon-like valley 
of some stream, or by a dry coulee, which marks t,he pathway of some 
ancient creek or river. Instead of the forests of the eastern l>asin, or 
the tall, waving grass of Red River Valley, we now see the low, pale
green sward, or, as we move farther into the interior, the short l>unctl
grass, which formed the favorite food of the immense herds of buffaloes 
and antelopes that once roamed over these plains, Here and there we 
see a lake amid the somewhat barren surroundings, but the wlliLe in
crustations on the bowlders which line its shores tell us too truly, what 
our taste confirms, that its waters are brackisl.l, mostly unfit for the use 
of man or beast; a few fresh-water lakes are found, but these are rare. 
Another feature, which causes us to have doubtful forebodings of the 
distant future, is the frequency of what are significantly termed "dry 
lakes." These are the dry and parched basins wuere but a compara
tiYely few years past lakes existed, not in the distant geological past, 
but in several instances within the memory of those now living. The 
surface of the country between the valley of Hed Hiver, on the east, 
and Missouri River, on the west, may be described, in general terms, as 
consist,ing of high, rolling prairies, intersected by the valleys of a few 
streams which run south. But this general contour is interrupted by 
two elevated plateaus, which stand high above the general level as 
monuments reared by the vast aquatic forces of tue past, as if to give us 
some idea of their stupendous power. The smaller of these elevated 
plains, the Coteau des Prairies, extends from a point about forty miles 
west of the · north end of Lake Travers-e, latitude 450 an<l lougi tude 
97° 30', southward, expanding and somewhat dividing toward its south
ern extremity. The western ann of this southern extension encroaciJes 
close upon James Hiver Valley, al>Out latitude 440 15', where it ends; 
the other arm reaches southeast, passing down on the east side of the 
head-waters of Big Sioux, and gradually fades out in the so nth west 
corner of Minnesota. The elevation of its surface averages nearl~· 2,000 
feet above the level of the sea, varsing from 1,8GO feet to 2,046 feet, 
showing a rise above the plains east of it of about 800 feet and above 
the valley west of it of 700 feet. 

The other plateau is the Coteau of the Missouri. This hugs the val
ley and follows the cuurse of the Missouri north ward from Fort Sully to 
the great beiHl of the river near the mouth of the Yellowstone. Here it 
recedes and extends in a northwest direction into British Possessions, 
where it gradually fades out and is lost. It varies in width from thirty to 
fifty miles and iu height from 1,800 to 2,200 feet above the sra; but tbe 
surface is more irregular than that of the other coteau, portions of it 
rising as much as 200 feet above t~e general average. The general ele
vation corresponds very closely with that of the Coteau des Prairies, 
sho\ving very clearl,y some relation between the origin of the two. On 
each are numerous small lakes, mostly impregnated more or less with 
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saline matter, and at many points on each bowlders are quite plenty. So 
much so is this the ca8e with tlw Coteau of the l\1issour~ that ~Jr. 
Skinner remarks, in regard to the section where hiR line cros~ed it, that 
"it is very sto11y." This elcn1ted plain will furnish us witll the exphtn
ation of the great bend of the Missouri in the nortllwest part of Dakota, 
and its clirection southeast from that point. 

Pembina 1\Iountaiu, which is situated within the belt now under con
sideration, aud near the iutf'rnational boundary-liue, is nothing more 
than au elevated plateau, similar in character to those alrea<ly described, 
but much smaller. 

I may remark here that the country northward, even as far as the 
Saskatchewan, along this meridional belt, preserves about the same 
cllaracter that we see exhibited in Dakota. I was at firRt under the 
impression that when we entered the valley of the Assiniboine we would 
:find a, section supplied with more moisture and raulmr vegetation than 
further south, but from information received from persous who haTe 
long lived in that region lam satisfied it is but a repetition of tile type 
we see along the northern border of Dakota. 

Hecurring again to the vertical topogr:1phy, I would call attention to 
the fact that after we leave the vallcvs of Red ancll\1innesota Hivers we 
notice a gradual westward ascent, m'id in order to obtain a correct Idea 
of tllese slopes I estimate by the lowest water-levels, whene\~er thttse 
can he obtained, and where they are wauting I use the lowest land
levels, or such as represent tlJe average elevations of extensive plains 
or valleys. Following this rule we find that the ascent along the North
ern Pacific Raihoad, west from Red River to the Missouri Hiver, <n-er~lges 
a little over 4 feet to the mile. From Lake Traverse to the l\Iissouri 
River, at Fort Sully, the average ascent is not more than 2 feet to the 
mile, and from the bend of Minnesota River to the :Missouri, at the 
rponth of Big Sioux, it is not more than 1~ feet to the mile; but in this 
case the laud ascent, until we reach Le Mars, is about 2 feet to the mile. 

Tile plains immediately east of Clleyenue Hiver, and betw·een it and 
James H.iver, and west of th~ latter to the Coteau of the Missouri, hcn·e 
an average elevation of about 1,450 feet above the sea,. and from !JO to 
150 feet above the streams which traverse this region. 

Devil's Lake appears to be situated on a plateau or swell forming the 
divide between the OheJ·enne Riyer aud the northern tributaries of Hed 
River. 

It has an elevation of 1,467 feet above the sea, or about 100 or 150 
feet above the level of Cheyenne River at the poiut immediately oppo
site. But it is a general rule, as I have before stated, that the lakes in 
tlle prairie-portion of the Northwest arc situated ou tile divides bet,vceu 
the streams. Lake Eckelson, on the line of the Northern Pacific, be
tween Cheyenne and James Rivers, has an elevation of 1,418 feet aboYe 
the sea-very nearly the same as De\·il's Lake-188 feet above Chey
enne River, and 25 feet above James Ri\·er. 

TI.Je leading ridges and land-swells, so far as my observations iu the 
southern aud northern part of the Territory have extended, appear to 
run nearly north and soutll, the direction being· slightl.r west of north 
and ea~t of south. But, as will be seen by reference to a map of the 
country, this corresponds with tlle general direction of the streamR; 
and, as the drainage is southward from latitude 48°, we may infer that 
there is a gradual descent south ward as well as eastward. No sufficieu t 
data have yet been obtained for determining accurately the rate of this 
descent to the south, j~et we may approximate to it from the following 
items: James River, at the crossing of the Northern Pacific, (latitu<le 
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46° 52',) is 1,303 feet abo\e the sea, and at the point where Mr. Skin
nm·'s li11e crossed it-about latitude 45° 28'-it is 1,267 feet abo,·e the 
sea. This would give an average det;cent along this valley of a little 
less tba11 1 foot to tile mile. Missouri l~iver, at Fort Union, has an ele
vation of 1,970 feet; at the mouth of Heart River, 1,700 feet, and at 
Fort Sully, 1,398 feet. Using these figures and calculating the distance 
moved directly south, we find the descent to be about 2 feet to the mile, 
or 140 feet to the degree of latitude. These figures would indicate that 
the elevation of the river at Yankton is about 1,050 feet above the· sea; 
but this estimate is probably a little. too low, as the rate of descent 
donbtleS$ decreases as we move eastward and probably as we move 
southward; 1,130 feet would likely be nearer the correct figure. 

Another point in regard to tlle level of tllese leading streams worthy 
of consideration is the difference between them at the same latitude. 
At latitude 4G0 50' the Missouri is 1, 700 feet above the sea; the James, 
1,393; and Red River, 900. At latitude 45° 30' the Missouri h; (al)Qut) 
1,510, while James River is but 1:260; yet the difference in longitude 
between the two is' about the same at this lower point that it was at 
the upper, each having moved eastward, in this distance, about half a 
degree. 

Passing west of the Missouri we have only to look at the map to learn 
the direction of the descent, all the tributaries which flow into it below 
the Little Missouri, as has before been stated, having an almost directly 
eastern course; but sufficient data have not been obtained to give the 
vert.ical topography of this western section. 

If we enlarge our area, and include all north of Kansas River and 
west of the Mississippi as far as the one hundred and first meridian, and 
compare the elevations of points corresponding in longitude aloug the 
different lines running west from the Mississippi, we will obtain a pretty 
correct idea of the topography of the North west, as estimated from the 
lower or water levels. It is true that this will not enable us to form any 
idea of the higher intermediate points or the surface-contour, but know
ing, as we do, that there are no elevated ridges, no prominent peaks or 
rug·ged portions, the general slopes form the most important topograph
ical feature. 

First. Along the line of the Northern Pacific Railroad, which corre
sponds very nearly with the forty-seventh parallel of latitude: the Mis
sissippi at Brainard, 1,205; Red River at Moorhead, 903; James Hiver 
at the crossing, 1,393; and the Missouri, at the mouth of Heart River, 
1,700 feet above the level of the sea. 

Secondly. Along a _liue running from Saint Paul, by way of Lake Trav
erse to Fort Sully, whicll, though bending considerably, we mny consider 
as corresponding with the forty -fifth parallel of latitude: tile Missis
sippi at Saint Paul, 680; Lake Traverse, 960; James River, at the point 
where Mr. Skinner crossed it, 1,260; Missouri River, at Port Sully, 
1,398. 

Thirdly. Along aline from Davenport, by way of Omaha and the Union 
Pacific Railroad, corresponding very nearly with the forty-first parallel: 
t,Le Mississippi, at Davenport, 528; the Missouri, at Omaha, 966; Lone 
Tree, on the line of the Union Pacific, 1,686; and North Platte Station, 
on the same line, 2, 789. 

Fourthly. On a line running from Saint Louis westward along the Kan:. 
sas Pacific Railroad, and corresponding with the thirty-ninth parallel: 
the Mississippi, at Saint Louis, 375; State-line, at the mouth of Kansas 
H.i ver~ 648; Fort Barker, on the Kansas Pacific, 1,484; a.nd Buffalo, on 
the same line, 2,678. 
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The following data may be added as corresponding with the forty
third parallel: tlle ..Mississippi, at Dubuque, 580; tile .l\lissouri, at Sioux 
City, 1,093. 

By selecting in succession the corresponding elevation from these dif
fereut lines, we will obtain the vertical topography along four different 
meridians, beginning in each case at the north and ruuniug south, one 
or two additional numbers beiug introduced where it is possible to ex
tend the line. 

The line of the Jllississippi.-Rainy Lake, 1,035 ; the divide between 
the Raiuy Lake and l\lississippi Basins, (about) 1,700; Leech Lake, 1,330; 
Braiuard, 1,205; Saint Paul, u80; Dubuque, 58J; Davenport, 5-8; Saint 
Louis, 375. 

Along a line corresponding very nearly with the ninety-sixth meridian.
Pembina, 790; Moorhead, 903; Lake Traverse, 06G; Sioux City, 1,003; 
Omah:t, 9GG; mouth of Kansas River, G48. 

Along or nectr the rtinety-eighth meridian.-Devil's Lal{e, 1,4G7; James 
River~ at the North Pacific crossing, 1,303; same river, at Skinner's cross
ing, 1,2n0; the 1\lissouri, at Yankton, (about) 1,130; Lone 'rree, on the 
Union P;:tcific road, l,G3G; Fort Harker, on the Kansas Pacific road, 
1,484. 

Along or near the one hundred anc1 ji1·st meridian.-The l\lissouri, at the 
moutll of Heart H,i\rer, 1,700; the same river, at Fort Sully, 1,398; North 
Platte station, on the U uion Pacific road, 2,780; Buffalo station, on the 
Kansas Pacific road, 2,G78. 

It is apparent !'rom these figures that the plain or plateau from which 
the Upper l\1ississippi gather.:; its waten; is elevated cousi<lerably al)()\·e 
tlle region north and north west of it, and that it is separated from the 
western plaius of Dakota and Soutlt \Yectern Minnesota by the mucll 
lower valleys of Hed and Minnesota Rivers. 

In passing south along the uinety-sixtll meridian, which corresponds 
very nearly with the line of Red Ri\er, after passing Lake 'rraverse, 
we do not again descend to the sarue le,·el until we reach Omaha, ou the 
Missouri Ri,·er, showing that tlle waters of the Big Sioux are gathered 
from a plain elevated considerably above the level of Lake Traverse. 
It is therefore eYident, as heretofore stated, tllat there is a broad and 
somewhat elevated swell extending southeast from the Coteau des 
Prairies, which, though spreading out into broad and apparently lm'el 
prairies, continues for a considerable distance into Northwestern Iowa. 

Another, and perhaps the most important, fact, learned from the fig
ures along these north and south lines is that the plaius of N ehraska 
all(l Kansas, after we have passed a short distance into the interior, are 
more elevated, and more rapidly ascemli11g (westward) than any portion 
of Dakota east or northeast of the Missouri; in other words, that as 
we move nortllward-say, for example, along the one hundred and first 
meridian-we descend, and this descent continues far into the Britb;h 
Possessions; not that it is by any means uniform, but that as we pass 
fi·om one plain to another, or from one basin to another, we descend, as 
a general rule. 

1\HN:NESOTA. 

As before indicated, this State consists of two districts differing 
widely in regard to the covering and character of the stuface, au<l also 
with respecttto tlleir agricultural resources. The northeastern portion, 
embracing probably one-third of the eutire area, being covered. almost 
entirely with coniferous forests, is partially interrupted by bogs and 
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marshes. When the land in this part of the State has been denuded 
somewhat of its forest-covering, and shall be urgentl.r demanded for 
agricultural purposes, a large portion of this marshy st>ctiou may, and 
probably will, be rendered suitable for tillage by an extensive system of 
drainage; but this, to be successful, will require a large expenditure of 
labor and money, and will ouls be done wlleu it shall have been deprived 
of its valuable co-vering of timber and after the more invitiug agricul
tural regions to the west shall have been fully occupied. Notwithstand
ing the somewhat forbidding aspect of this section to the eye of the 
farmer who is seekiug a home in the West, yet it is not impossible that 
the day may come when this, having been thorou~hly drainetl, will be 
considered the richest agricultt.ual portion of the State; such, at least, 
is the opiuion of sorue, even among those who have no persoual interest 
iu the matter. Its chief value 11ow is its timber; but til is is by no means 
a small item, the lumbering interest being one of the most important of 
the State. The sections drained by the Lead-waters of the Mist-~issippi 
and Saint Croix, as well as the regions bordering Lake Superior, are 
clothed with immense forests, chietly of pine. Although tile timber of 
these forests is very valuable, it must uot be supposed that the whole of 
this area is uniformly covered with timber that is valuable. As a gen
eral rule, so far as my observations and information extend; the swamps 
and mar~hes are generall.} covered by tamarack, of but little value for 
any other purpose than fuel or fencing, and wholly unfit for lumber. 
Tlle pine, ns a general rule, is confined to the inten~~ning low ridges and 
swells in tile marshy sections, the more broken areas around the Jake, 
an(l th(j lighter, sandy soils of the valleys of the streams. 

On the west side of the Mississippi there is a tolerably broad anrl 
lengthy belt of timber, extending from Crow Wing H,iver southwartl to 
within some sixty or sevent,y-five miles of the southern boundary of the 
S"jjat<:> , consisting of deciduous trees, chiefly oak and elm, with an inter
mixture of ash and maple. This forest-strip covers one of tile richest 
bodies of land in the State, the soil being a dark, rich loam, heavily 
mixed with yegetable mold, and reminding one much of the richest bot
toms in the State of Missouri. This belt of timber is called the "Big 
Woods," and is about one hundred miles in length and forty miles 
wide. 

The fo11owing statement of the lumbering operations for 18G9 and 
1870 will give some idea of the extent of this business in Minnesota, to 
which if we add that of Wisconsin, (which is probably equal in amonnt 
to that of Minnesota,) we will be able to arrive at an approximate esti
mate of the lumber interests west of Lake Michigan: 

18fi9. 1870. 
Saint Croix, feet of logs scaled ..... --- ..... __ ..... ---··-- ••• 158, 3H2, 454 101, 67'7, 776 
Mir:;sissippi, feet of logs scaled .•... _... . . . . . . . . . . . . . . . . . . . . • 92, 709, 000 191, 4:3~, o-iO 

Total of these two districts ...•.• ______ .-~-· ____ ---· -- 2Gl, 0£)1, 484 31:3,116,416 

Of the total log-crop of 1870, there were sent to market unmanufaet,ured, 
feet . ____ . ______ .. __ . _ .. _ . ___ . ___ .•. _ .. _____ • ____ . . . . . . . . . . . . . . . . . . • . 137, 177, 431 

Sent to market as manufactured lumber, feet ....... --· ... -.-- ... -.- .. - .. - 175, 9:3t:l, 985 

The western and southwestern portion of the State, as heretofore 
stated, consit-~ts almost wholly of undulating prairies, uutil we reaeh the 
flat and broad valley of Red River. 

In order to convey as correct an idea as possible of the "!!ort.hern and 
western portions of the State, (I omit the southeastern portion, as it is 
so well kuown that any descriptiou of it is wholly unnecessary,) so far 
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as relates to the soil and agricultural resources, I cannot do better than 
insert the notes takeu while passing aloug the leauing railroau-lincs. 

Aud, first, I iw;;ert the few notes taken along the line from 8aint 
Paul to Dulnth. 

For several miles out of Saint Paul until after we have passed a short 
distance beyond WlJite Bear Lake, the conn try is rolling and sligl1 tly 
broken, anu, \'!·here not in cultivation, is covered with oak-gnwes, 
mostly bushes near the city, but increasing in size after we haYe 
advanced some distance into the country. The surface of tile conn
try here appears to be knotted aud pitted, thus affOl'ding basins for the 
numerous little lakes found in the northern part of this (Ramsey) coun
ty, and in fact over a considerable area in this part of the State. After 
passing White Bear Lake a slight change commences ; the conifers be
gin to appear, especially in the low and swampy spots; the surface 
becomes more level, and the aspen (Pop~tlus tremuloides) amwars in fre
quent groves, its white bark forming a strong contrast with the dark 
pines. About North Branch the country is quite level, and is co\·ercu 
with a pretty heavy growth of oak, which at a distance resembles the 
post-oak, ( Q. obtusiloba.) The soil here also is very good, ha\-ing a better 
appearance thau that predonsly passed over. l\1uch of tbe surface be
tweeu Wyoming Station and tbis point is marshy, but we should bear 
in mind the fact that tbe past season, when I visited this section, was 
more than usually wet. From North Branch to Hnsh City the surface 
is level and rather wet, the soil rich, and the timber heavy, consisting 
chiefly of oak, elm, maple, and ash. Occasionally a h1ckory an<llmtter
nut are seen, but these are rare. Conifers, in the swamp', are chiefly 
tamarack or black larch, (Larix Americcmct,) balsam-fir, (.1lbies Bal
samea,) &c. 

From Pine City, on Snake River, northward, the pine-forests preYail, 
and tbe surface of the country is more or less damp and swampy. At 
Kettle Ri,·er we begin to meet with the low, rounded drift-ridges, the 
soil consisting of a reddish sandy clay, intermixed with small reel bowl
ders; in many places the saud appears to be the chief ingredient. At 
this point, and also at several points along theN orthern PaCific, we met 
with tho wild strawberry in fruit, (.Tul.v 3-10.) 

As we approached the junction with the Northern Pacific we were 
met by a cold northern mist, that compelled us to draw on our o\·ercoats 
and made fire very comforiaule. From here to Duluth we descend the 
rugged bluff that surrounds L~ke Snperior; in going twenty miles we 
make a de~cent of nearly 600 feet. The dark waters of Samt Louis Ri,·er 
rush down to our right over the ragged rocks with a deafening roar, 
plunging and da~hing themselves into foam as they leap from ledge to 
ledge or drive tbrough the narrow rugged gorges, vrcseuting a scene of 
wildness and grandeur. \Vhetber it wi'l ever be utilized or uot is more 
than I can say, yet it is true that here is an immense water-power. 

It is scarcel.v within the scope of my duties to speak of the prospects 
of any town or city in a commercial point of vie"-, but as Duluth is 
destined to ue the chief port of the western end of Lake Superior, and as 
a matter of course the pl'incipal sh1pping-point of ~Iinnesota, so far as 
lake-transit is concerned, a few remarks in regaru to it may not be out 
of place bere. 

Although it will labor under some material disadvantages, yet it is 
destined to make a place of considerable importauee. Its di::uHh'atJtages 
are as follows: Tbe eli mate can b~' no means be called a favornule one, 
although what I sa.w could scarcely be takPn as a fair sample of sum
mer weather. The winters, a::; 1 understand by those who haye visited 
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this point in search of health, are by no means as harsh and severe as 
we might suppose; but the spring is unpleasant, and the weather dur
iug this part of the year disagree;-tble. The second disadvantage is the 
fact that it cannot be said tu haye any surrounding farming-land to give 
it, a local trade depending on agriculture. Thirdly, the shipping-season 
is short, closing rather too early to allow time to gather in the crops 
'from the distant sections, where they are somewhat late. 

Its ad vantages in part are as follows: It is the extreme western lake
. point of the Northwest, which is a very important item; it is the near
est point of water-communication with the ocean for a very lnrge area 
of country, viz, 1\finnesota, Dakota, and the grain-districts of Briti::;h 
America northwest of the lakes; it has most excellent water-power close 
at hand, in the Saint Louis River; being the only important lake-port of 
l\linuesota, it must necessarily have the influence and sympathy of that 
rapidly-growing State; and, finally, it is the eastern terminus of tlJe 
great northern Trans-Continental Railway, which must make it an im
portant point. These are important advantages, which must, in spite 
of the disadvantages under which it lal.>Ors, ultimately make a city of 
considerable size, and, so long as this line of road controls the trade of 
Manitoba and other portions of \tV estern British .America, give it an 
international character. 

The following notes relate to the country along the Northern Pacific 
line: · 

After leaving the junction, as we move westward, we enter a long 
stretch of marshy lauds, covered chiefly by forests of pine and tama
rack, and this continues, with but little variation, until \Ve reach Aiken. 
Here we notice a cb2.nge in the surface and character of the land; the 
soil also shows a. variation from that ea~tward. The surface becomes 
slightly undulating, the sub soil more sandy and mixed with gravel ; 
oak also begins to make its appearance; and although there is occasion
ally a swamp, yet the country westward from here to Brainard may be 
fairly classed as agricultural. The ti)nber between these points is 
chiefly pine; yet there is a slight intermixture of oak, elm, and aspen, 
and occasionally an ash. A short distance before reaching Brainard 
we enter upon a sandy level, which continues to the Mississippi, and is 
repeated for some distance on the west side. The soil here, notwith
standing its sanfly character, is rieh and productive, and will doubtless 
produce heavy crops of cereals. The Mississippi cuts its way through 
this level in a deep channel like a large canal, without low bottoms . 
.After crossing to the west side we pass for some distance over a sandy 
level covered with an open pine-forest; in a few miles the soil gradually 
changes to a darker hue, and we occasionally meet with wet and marshy 
spots, in which the ominous tamarack makes its appearance. Occasional 
broad low ridges now begin to be seen, clothed with deciduous trees, 
chiefly oak, elm, ash, and bass-wood; the soil is good, and., with the ex
ception of a few points, will make excellent farming-lands. After leav
ing the sandy region the soil is mixed with clay and gravel. A short 
distance east of Wadena the surface becomes slightly undulating and 
somewhat destitute of timber, being partially covered with oak-bushes, 
which fade out as we enter upoQ. the prairie-region; the surface-soil is 
quite rich. · 

From Leaf River westward, for some fifteen or twenty miles, we pass 
through a section alternating with low, broad ridges, and wet, narrow 
bottoms or ''slashes," the ridges being composed almost wholly of 
gravel, though the surface-soil is a rich mold, and mostly covered with 
mixed timber, including an occasional large pine; but this tree is now 
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rapidly disappearing as we move westward. .As we approach Hobart 
Stati011 we enter upon a beautiful undulating prairie, with a dark, rieh 
surface-soil, but I noticed here that it is uuderlaicl with a heavy gravel
deposit, which even a single furrow of the plow exposes to view. As 
we move on the surface becomes slightly more rolling, not broken, but· 
gracefully rounded into hillocks, ridges, and valleJ·s, with here aud 
there groves of oaks on the hillocks and along the banks of the streams. 
We are now in t,llat section which I have heretofore spoken of as being 
the prettiest portion of the State, a description of which need not be 
repeated here. This beautiful undulating prairie-belt, with its green 
sward, occasional oak groves, (but these gradually disappear aft.er we 
pass Detroit Lake,) and numerous clear lakelets continue until we begin 
to descend the divide into the valley of Red Hi,rer. The soil is a rich, 
dark loam; the subsoil appears to be composed generally of gravel and 
clay, with a marlJ' appearance, mixed with bowlders, the former decreas
ing and the latter increasing-in proportion-as we move westward. 
The bowlders are mostly gray or red granite, though ~orne of other 
rocks were seen. 

I may remark, in passing, that I noticed the cuts through this hilly 
portio11 very carefully, to see if there was any evidence · of stratified 
rocks or rocks of any kind in position; but no sign of such rocks were 
seen. At some points there are large accumulations of bowlders, but aU 
these bills and the entire surface-material for a considerable depth are 
evidently drift. 

The descent to the valley of Red River is very gradual along the line 
of the road, but from the valley it is very apparent, rising up in the 
form of a sloping bluff. It is unnecessary to repeat the description of 
this valley; the snrf~we-soil is black muck some 4 to 6 feet deep, the 
first 2 feet being fillBd with a matted mass of grass-roots; the subsoil, 
as will be seen from the following record of the boriug for an .Artesian 
well at Fargo, is blue clay, which is very tenacious. The margins of 
the streams in this valley are lined with a narrow strip of timber, chiefly 
oak, vvith some elm. 

The following is the record of the boring of the .Artesian well at 
Fargo, so far as it had penetrated at the time I last visited that point, 
(September 3, 1872 :) 

Soil __ . _ . ____ .. _ . ___ . _ .•• _ .• __ •.•• _______ •. ____ •. __ . _ .• _ • _ • __ . __ . _. ____ . ____ . 

WlJite and yellow (or drab) clay·--------· .. ------ ........ ------·----·.··----
:F'ine dark clay ______ ·-·--· __ .... ____ .... ··---··--··· .•......•... --···-·----· 
13mall stone and graveL _____ ----·--·---· __ ,_---·-·---- ....•. ·---·-----···--· 
Hard clay ("hard pan") mixed with gravel and bowlders._._. __ . ___ ..... _ . __ • 
Soft, dark-blue shale .. --·· .. ·---·- ........ ·-·--·-- .. -· .... ---· ........ -- .. -· 
Coarse sand-rock_ ... ·- ____ ·---·- ...... ____ .. ·- -··· .. ·--- --·· ____ .... ---· ... . 
Soapst,one. __ ......• ___ ...... _ .. ____ .... _ .. __ ..... _ ... __ . _. _ •.. ___ . _____ .. _. _ 

Feet. 
3 

50 
42 
10 

115 
32 

() 

4 

.After piercing the sand-rock water rose to within some 10 or 12 feet 
of the surface, with an apparently good supply. The depth of the well 
at that time was 262 feet, and the boring had stopped with little pros
pect then of being continued, as Mr. Barker, superintendent of the work, 
thought it useless to go farther, it being his opinion that the next rock 
will be the igneous or metamorphic. .As will be seen from this, one 
drawback in this rich YalleJ' is the difficulty of obtaining a supply of 
water. 

The next line passed over in Minnesota was that leading from Saint 
Paul to Breckenridge-a branch of the Saint Paul and Pacific-a distance 
of two hundred and seventeen miles. The following is an abstract of 
the note~ taken at the time I passed over this road : 
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From Saint Paul to Lake Minnetonka the land is rolling and somewhat 
hrok('ll alld sparsely covered with small oaks. 'rllere are llere, as on 
~i1e east side, a number of Rmalllakes, but I noticed several sma1l basins 
which appear to lmve contained formerly small lakes, but which are uow 
o11ly empty basins. After we pass this point tlw country is less billy, 
though still slightly rolling; the soil is generally rich and quite fertile; 
tile forests are be::tvy, and timber large, chiefly oak, elm, and ash, with 
some maple and aspen. Of the oak there are two or three species, among 
which I noticed what I supposed to be the burr-oak or over-cup ( (.j. 
rnacrocarpct) and the scarlet oak, ( (J. coccinea ;) but I may have been mis· 
takeu as to the species. As I have heretofore remarked, this timl.>er
section has a very dark, rich soil, very little of it being interrupted by 
swamps or t·.lo wet for cultivation. I noticed here both wllite and red 
clo\·er growing luxuriantly. The few swampy flats seen were geuerally 
clothed with the gloomy tamarack. These cllaracteristics continue 
until we come near to Dar'i\·in, where we enter upon a somewhat open 
country, having a prairie-like appearance, though we have not yet 
emerged upou the true prairies. Tlle surface-soil is still dark and rich, 
ancl the surface slightly undulating, but the subsoil where exposed 
begins to show a heavy intermixture of gravel. At Darwin, or rather 
a short distance beyond it, we enter upon the prairies, though a consid
eral>le body of timber can still be seen to the north. The surface here 
is somewhat undulating, but less broken than at the correspondiug 
point ou theN orthern Pacific line; there are also here scattered o'Ter 
the country numerous small lakes, indicating an approach to the divide 
between basins. The subsoil is still gravelly, but this character appear~ 
to be gradually disappearing as we move westward. When we reach 
::\'Iorris we enter upon a level plain, which continues without interruption 
to Reu River; it is, in fact, an expansion of the valley of that river, 
and as far north and south as the eye can reach tlle same unvarying 
level is seen; and here for forty miles is a line of railroad as straight 
horizontally and vertically as possible to make it, without a cut or fill 
worthy. of mentioning. The soil is much the same as at Glyndon, on 
tile Northern Pacific; in fact, there is but little variation in the cilar
acter of this valley its entire length. I am satisfied that along the Saint 
Paul and Pacific Railroad nine-tenths of the land can be cultivated and 
will yield abumlant crops of such cereals as are adapted to the climate. 
And I may be allowecl to digress here for a moment to give an idea of 
the future prospects of this roacl from the grain-trade. 

Take the leugtb in round numbers at two hundred miles and a strip 
twenty miles wide, gi\-iug an area of four hundred square miles, or 
2,5GO,OOO acres; ded.uct one-fifth as unfit for cultivation, and suppose 
one-half of the remainder to be annually planted in wheat, 1,02±,000 
acres, at 17 bushels to the acre, (the average yield in Minnesota,) 
amounts to 17,408,000 bushels. Allowing 400 bushels to the car, it would 
take 43,520 cars, or six trains per clay of 24 cars to tile train, (300 days 
in the year,) to mo\·e this immense yield of but a twenty-mile strip of 
countr~'· As a matter of course, it is not probable that this proportion 
of the land will ever be cultivated in small grain, but certaiuly these 
figures do not overestimate its capabilit.y, and gi\Te us an idea of the 
bread-producing resources of this portion of the vYest. It is true tlle 
ratio assumed. will not apply generally, but with a moderate deduction it 
will apply to the western half of Minnesota, the greater portion of Iowa, 
a consideral>le are::1 in Southeastern Dakota, and Eastern Nebraska. 

I should have stated that at Morris, on this line, there is a flowing 
well of good water. The well was being dug for ordinary purposes, and 
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had reached a depth of about 30 feet, wuen suddenly the water broke 
in upon the workmen, who escaped witll difficulty. The water rose 
rapidly to the surface and has been flowing freely ever since that time. 

If 've follow a line from Saint Paul to the southwest corner of tlle 
State we find the country somewhat similar to that toward Breckeu
rh.lge. It js broken and timbered until we reach Crystal Lake, rather 
more so tllan toward the nortllwest. Tllis strip of timber belongs tot he 
Big \Voods, and. consists of deciduous trees, such as oak, elm, ash, &c. 
After passing this point we enter upon a beautifnl undulating prairie
sectiou, dm·oid of timber, except the little strips along the banks of the 
streams, which continues to and beyond the southwestern bonier of the 
State. Tile soil is of au excellent quality, and the subsoil is generally 
more or less mixed with a kind of finely-comminuted marl, thougll at 
some points it is composed in great part of clay. There are some small, 
clear lakes, but the surface is seldom marshy, the entire area as a gen
eral thing being susceptible of cui tivation. 

The following statistics, taken from the "Statistics of :Minnesota for 
1870," published by authority of the State, will give an idea of the 
amount and character of its agricultural products: 

CHOPS OF 1869. 

Product. 

\Vheat .....•.............•.•.......•........ 
Oats .....•.......................... _ ... ___ . 
Corn ........................ _ ..... _ ... ___ .. . 
Harley .................................... .. 
Rye ........................................ . 
Buck\vheat ................................. . 
Potatoes .................................... . 
Beans ...•...........................•....... 

Acres cultivated. 

1,006,007 
278,487 
147,587 
35,201 
4,632 
~,023 

21, 156 
1,910 

Bnshels produced. 

17,6G0,467 
10,510,969 
4,519,120 

938,466 
75,628 
51,02;) 

1,580,431 
29,002 

Sorghum, gallons . . . . . . . . . . . . • 35, 144 
Maple-sugar, ponnds.... .. . . .. 205, 702 

Cheese, pounds ................ . 321,939 
316,552 
20,800 
9, 9:32 

14tl,Oi4 
2,2i9 

15,106 
7,801 

M~tple-syrnp, gallons.... . . . . . . 14, 815 
Honey, pounds...... .. .. .. .. .. 9:~, 651 
Hay, wild, tons............... 5:3i, 183 
Hay, cultivated, tons.......... 69, h?9 
Hops, pouucls.. . .. . . . . . . . ... . 28:3,3:35 
\Vool, pounds................. 38:2, (:)0~ 
Butter, pounds...... . . . . . . • . . . 6, 552, 455 

Apple-trees growing ............ . 
Apple-trees in bearing .......... . 
Bushels of apples produced ..... . 
Quarts of strawberries grown .. . 
Timothy-seed, bnsbels .......... . 
Flax, pounds of fiber ........... . 
Flaxseed, busbels .............. . 

Average yield of field-crops per acre. 

~{~:a_t_ ~ ~ ~: ~ • ~ ~:::::::::: ~:::::::: ~~: ~~ ~I~1t~~~:: ~::::::: ~ ~:: ~::::::::::: i~: ~~ 
BuRhrls.! Bnsbels. 

Corn .............................. 30.62 Buckwheat ....................... 16.83 
Barley ........................... 26.92 Beaus ............................ 15.17 

It ~s not p~o?able_ that an.v com;;iderable progress win be made in fruit
growmg, a_s It 1s endent t?a~ the climate is too rigorous for the profit
able grow_mg of any Yanet1es except the mo·st hardy small fruits, as 
strawberries, currants, goosebenies, &c. 

As before stated, the consideration of the climate is reserved for a 
future report~ which will be devoted to this subject. 

DAKOTA. 

This Territory has been so recently settled, except a small section in 
the southeast corner, that but little can be said as to its agricultural 
prospects, save what we can infer from au inspection of its siJrfttce anrl 
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soil, added to the slight knowledge we possess of its climate. And here 
the last item becomes important in this estimate, as it is known that the 
line of suffieient rain-fall is found within its borders. 

It possesses, probably, the smallest amount of timber of any State or 
Territory in the Union, the forests bearing a ratio of not more than 3 to 
5 per cent. to the entire area, and even this ratio is obtainerl by adding 
the amount supposeu to be in that part of the Black Hills within its 
boundary. 

\Vith the exception of the west side of Hed Hiver Valley and the sur
face of the coteaus, the whole of that portion east of the :Missouri 
(whicll is the only part I shall allude to here) consists of elevated, 
undulating prairies, very similar in character to the plains of the central 
and western portions of Nebraska and Kansas. The streams, as a gen
eral thing, run through deep and narrow valleys, having but a small 
amount of water in them, and the fall being insufficient to carry the 
water upon the bordering uplands; hence, as a rule, in the northern and 
central portion, if the rain-fall should prove insuffident for agricultural 
purposes, there is but little hope of redeeming any portion by irrigation, 
except the narrow valle.rs which the streams traverse. 

As a general rule the soil is good, and where there is a sufficiency of 
moisture there is no reason wlJy good crops cannot be raised; but I have 
very strong doubts on this point, except for the southeast portion and a 
narrow belt aloug the eastern border. 

The foliowing notes, taken down while crossing from Fargo, on Red 
Hiver, to James Hiver, along the line of the Northern Pacific Hailroad, 
will convey, I believe, a fair and correct idea of this section of the Ter
ritory, the fact beiug borne in mind that 1872 was a more than usually 
wet season. 

~"or about eighteen or twenty mileR the surface is very flat, being the 
west half of Hed River Valley, and corresponding in appearance with 
tlJat on the east side. The soil is also very similar to that on tlJe east 
side, the only difference noteu being that here, after leaving the ri'iTee 
for a short distance, it becomes more or less impregnated with alkali, 
which is quite appaeent where the sod has been turned or a cut made; 
yet I do not think this is sufficient in quantity to injure any of the ordi'
nary crops, for I have learned from my observations in Colorado and 
Utah to look upon the pret:~ence of a moderate quantity of alkali in the 
soil with much less serious apprehensions than formerly. 

Passing westward beyond the valley we gradually rise to an undu
lating prairie, which becomes more rolling and sliglJtly broken until we 
reach tlw second crossing of ClJeyenne River. Although this section is 
evidently drier and not so rich as the Red l~iver Valley, yet I thiuk ex
periment will show that it is tolerably good agricultural land and that 
the amount of moisture . is sufficient for ordinary crops. But already 
this troublesome question makes its appearance; already we see the 
grass g-rowing much shorter and begiuning to assullle that peculiar 
character so well kuown on the western plains. Still I think this strip 
as far as the second crossing of the Cheyenne may be properly classe<l 
with the lands suitable for farming purposes. The valley of the Cheyenne 
is quite narrow, affording but a small amount of tillable land and a 
very narrow strip of timber. After passing this valley there is a con 
siderable rise before reaching the general prairie-level beyond. I notice 
here, where the railroad-cuts have exposed the subsoil, that it is chiefly, 
I might say entirely, compact drab clay, of considerable depth. The 
surface of tbe country on the west Ride is undulating, dotted here and 
there with lakes, most of which are ~trongly alkaline or saline, their peb-
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bly shores being frosted over with the alkaline deposit. Lake I~ckelson, 
which is some six or eight miles long, and from one-fourth of a mile to 
one mile wi<le, is the largest in this immediate section; its waters are 
brackish, apparently more saline than alkaline. 

Here we also meet with a plwnomenon which leaves a very unfaYora
ble impression upon the mind in regard to the climate in this section. 
I allude to what :1re called "dry lakes," the dry basins where lakes for
merly existed, but which have in a few years past dried up frorn some 
cause not yet fully explained. As I haYe before stated, the fact should 
be borne in mind that 1872-the time of my visit to this region-was 
unusuall.v wet. I mean by this expression simply to state that the 
amount of rain which fell during the spring and summer was more thau 
the average amount. 

Not only did I :find these dry lakes entirely devoid of water, but the 
surface of the sediment which had been deposited by the water was 
dry and powdery and strongly alkaline. E\'en the lakes which contain 
water appear to be getting lower and lower, if we judge by the water
lines along the shores. And this calls to mind another fact bearing 
upon the condition of the climate, indicated by the facts stated, and that 
is that all through this section of country I noticed numerous evidences 
of former swampy spots where the grass still-is more luxuriant than 
that surrounuing it, but tile water has disappeared from the surface. 
For some time I supposed that these 'ivere points where water accumu
lated. and remained longest in the spring of the year; although this ex
phtnation will suffice for thecon<lition of many, yet there are some things 
connected therewitll which I can only explain by the supposition that 
tlley are graduall.v growing drie:(. 

After passing Lake Eckelson the surface of the country, although 
gradually ascending, is tolerable level until we reach the large coulee 
where there appear to be two depressions or broad ravines rmming north 
and south, with an intervening ridge. Perhaps no better illustration of 
the Arabian wady is to be fonud on the western continent than these 
coulees. This 'i·ery broad, dry ravine was evidently once the channel of 
a considerable stream, the shiftings alld fluctuations of which may yet 
be detected; why is it no more filled witll water 0/ Beyond this the sur
face is slightly undulating, but somewhat more in the terrace-form to 
and west of James River until we reach the coteau of the 1\IiHsouri. 
The valley of the James is narrow, 11ot more than from one-half to one 
mile wide, with very little timber of any kind. The surface of the coteau 
is very irregular, being broken into ridges and hillocks, with here aud 
there an occasional small lake; and from the best information I could 
obtain it appears to be true, although strange, that there is generall~· 
no difficulty in obtaining good water on this elevated plateau by digging· 
wells to a moderate depth. I know this to be true in reganl to some of 
the elevated plains in. the southern part of the Territory. The section 
where the greatest difficulty is experienced in obtaining water appears 
to be in Red River Valley and those areas underlaid by the h<."avy clay 
deposits. 

Although the country west of the second crossing of the Cheyenne 
is well adapted to grazing and pastoral pursnits, yet I am satisfied that 
the average rain-fall is not sufficient for profitable agricultural operations .. 
There may be seasons when the supply may be sufficient to produce 
moderately good crops of the cereals, but I think these will form the 
exceptions instead of the rule. It is true no sufficient experiments luwe 
been ma(1e to test this question, and it is due to the welfare of tile Ter
ritory and those who are largely interested in this matter that .I ~honl<l 

20 G S 
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state that my opinion is not based upon direct experiments in this im
mediate section, and that the soil as a general thing is goo<l; also that 
it is very probable the bottom-lands along the streams will form an ex
ception to this rule. I should also state that 1\fr. Roberts, the chief 
engineer of the Northern Pacific Railroad, expresses a somewhat more 
favorable opinion in regard to this section. He may be right and I may 
be wrong; r only give my opinion, which is based on certain evidences 
which will be more fully set forth in my report on the climatology of 
the vVest. 

I was informed by a gentleman who was for three years connected 
with the Indian agency at Fort Totten, on Deyil's I..~ake, that the sur
rounding country there consists of undulating prairies, much the same 
as found at the same longitude farthPr south along the line of the 
North Pacific, but that the lower lands immediately around the lake he 
thinks will, as a general thing, produce crops without irrigation, and that 
he founds his belief on some experiments which were made there. 

I have been able to learn very little in regard to that portion of Da
kota south of the Northern Pacific road until we approach the south
eastern extremity. This section has seldom been traversed with a 
view of studying its agricuHural resources ; yet from the little I could 
learn with reference to it, I am satisfied that there is a gradual im
provement southward. The valley of James River, south of 450 30', 
gradually expands and gives evidence of a greater degree of moisture. 
Even the southern portion of the Coteau of the Prairies will in all proba
bility prove productive and adapted to agriculture, notwithstanding its 
isolated elevation. I know from personal observation that the section 
drained by the Big Sioux is one of the most desirable and beautiful por
tions of Dakota, almost every acre here being susceptible of profitable 
cultivation. And in order to give something like a correct idea of this 
portion of the Territory, I will copy my notes taken while crossing from 
Yankton to Sioux Falls. 

After leaving the immediate bottoms of .James River, we ascended 
some 60 or 70 feet to the upper or general prairie-level, where the sur
face is quite undulating, not broken, but interrupted by long, rounded 
swells, with a dark, rich soil, thickly covered with a heavy growth of 
luxuriant grass, but entirely treeless. Such is the general character 
for twelve miles; I might add that most of this distance there appears 
to be an ascending grade. Here we reach a small stream called Clay 
Creek, which runs through a deep, narrow valley, its pathway marked 
iby a few scattering bushes or trees. Beyond this we cross a broad, 
rounded ridge for some eight or ten miles, the soil and covering being 
similar to those already described ; and I may state here, in regard to 
this ridge, that which applies to all the principal ridges in this part of 
the Territory, its direction is nearly north and south, running a little 
west of north and east of south. Descending from this to Swan Lake, 
we enter upon a broad, level prairie, which, beginning in the vicinity of 
Turnersville, continues eastward to Sioux River, a distance of some 
twenty-five miles. Although I call this a level prairie, I do not intend 
thereby to convey the idea that it is a ''dead-level" flat such as Red 
River Valley, for such is not the case, but the undulations are slight, 
and, although sufficient for drainage, are scarcely noticed by the eye. 
The soil and grass are similar throughout the entire route, but running 
water-a stream of any kind-is wholly wanting on this level prairie
belt, save that at Turnersville, and the entire region is timberless. 

It is apparent from these notes that there is a great sameness through
out this portion of the Territory; and any attempt to give a descrip-
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tion of one part as contrasted with another would be useless, as there 
are no di:fferences of any importance in an agricultural point of view, 
with the single exception of the contrast between the Missouri bottoms 
and the upland prairies. And here the only <li.fl'erence is that the former 
is flat, the soil deeper and darker, being mixed with a larger proportion 
of Y('getable mold, and partially supplied with timber, chiefl~- cotton
wood groves. 

The following description of Union County, (the southeast county of 
the Territory,) taken from "The Outlines of History of the Territory of 
Dakota," by James S. Foster, I found to be quite correct, and as it will 
apply pretty generally to the counties along the Missouri in this part of 
the Territory, I insert it here: 

The surface of Union County resembles that of any of the Missouri River counties. 
It bas, however, more bottom-lands than any other county. The south lwJf is leYel 
bottom-lands, only a few feet above the high-water mark of the Missouri RiYer; the 
north half is rolling prairie, elevated about 20 to 50 feet above the bottom-lands. The 
bottoms are perfectly level and very smooth, presenting no obstacles to machine farming. 
The uplands are generally undulating, presenting to the eye a beautiful landscape. 'I' he 
soil of the bottoms is a clark, sanely loam, mixed. with a large proportion of vegetable 
mold. These bottoms are vast natural meauows, procluciug an abundant growth of 
excellent grass, frequently yielding over three tons to the acre. The uplands also 
aftoru an excellent quality of nutritious grass, but not so luxuriant in growth as 
that of the bottoms. The latter produce excellent crops of corn, wheat, oats, and 
vegetables, but the uplands, although capable of producing all kinds of grain and 
vegetables, are pre-eminent for wheat, thirty bushels to the acre being an ordinary 
yield. Along the Missouri, in the southern portion of the county, are large bodies of 
heavy cotton-wood timber; there are also considerable bodies of timber skirting the 
Big Sioux. 

The surface and soil of Clay County resemble those of Union; the sur
face of Yankton and Bon Hom me Counties is rather more rolling, with less 
bottom-land, otherwise similar to Union. From the mouth of the Sioux 
River to Vermillion River, the bottom or immediate valley of the Mis
souri is chiefly on the Dakota side, and varies in wid.th from five to 
twelve miles. At Vermillion the bluffs-which form the escarpment of 
the upper level or plateau-approach very near the river. Beyond this 
the bottom again suddenly expands, and continues until we reach the 
vicinity of Yankton, varying in width from five to ten or twelve miles. 
I was somewhat ~mrprised to find this part of the Territory as well set
tled as it is, a large portion of the bottoms and a part of the upper 
prairie-lands being already under cultivation. At the time of my first 
visit, judging by the state of the crops, the season really appeared to be 
more advanced here than in Northern Iowa, owing, I suppose, to the 
warm nature of the soil, which h('re is generally underlaid with a heavy 
deposit of yellow, sandy marl (loess) which contains a large amount of 
the mineral elements of fertility. There appears to be but little diffi
culty in obtaining water on the uplands by means of wells, and the 
comparative elevation does not appear to make very great difference in 
the depth. 

The farmers here have very wisely adopted the plan of planting out 
forest-trees as one of the first things they do after making a settlement, 
and notwithstanding all the wild theories which have been advanced, 
they have had the good common sense to select the native cotton-wood, 
which, in five years from planting, (not seeding,) will commence afford
ing fuel for stoves. I noticed at several points thickets of the wild 
plnm (probably Prunus chicasa) loaded with fruit ; also many grape
vines (wild) in fruit. 

One serious drawback in this section, which must be seriously felt. as 
soon as the cotton-wood groves along the Missouri have been exhausted, 
is the deficiency in fuel and building-material. The latter want will be 
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partia11y supplied when the railroads having connection with the timber
districts of Minnesota are extended into this regiom ; but these will 
scarcely supply fuel at a rate that will meet the wants of the farmers. 
It is true that c.oal can be brought in, but this will be a bea.vy tax on 
the farmers of small means, who live far back on the prairies, and are 
exhausting all their means and energy to start a farm into active opera
tion; yet this will probably be the only method of m~eting this neces
sity, unless corn is used for fuel, or forest-tree~ are timely planted and 
in sufficient quantity. What is said here on this point also applies to 
portions of Nebraska, and to some extent to the southwest portion of 
Minnesota. I know there is in the mind of the farmer of the States 
who bas labored bard through the hot days of summer in plowing his 
corn, and in the fall in gathering and garn~ring it, a very strong dis
like to the idea of using it for fuel; but the true method of testing this 
question is to count the cost. If, for illustration, sixty bushels of corn 
in the ear-about thirty shelled-will equal, as fuel, one ton of coal, (I 
do not know that this amount is correct; it is but a guess,) will it pay 
to sell 'this corn at 20 cents per bushel (shelled measure) and buy coal 
at $8 or $9 per ton~ besides the hauling to and from a depot~ It is 
a simple question of figures and not of fancy, and it would be well if 
some one properly situated to do so would give us some practical infor
mation on this subject. 

A kind of soft-chalk rock is found near Yankton, similar to that found 
in Nebraska and Kansas, which is used as a building-material. This 
can be easily cut into blocks of any shape desired, but there is some 
doubt about its durability, yet most of those who have tried it for a 
number of years say it stands the test of experiment. 

In closing t.his brief account of the agricultural resources of Eastern 
Dakota, I should state that, after carefully weighing all the data I have 
been able to obtain, together with my own observations, I am satisfied 
that all west of James River Valley must be counted as in a district 
not sufficiently supplied with rain. 

Taking all the records of the rain-fall which have been kept in the 
Territory for the fi\e years from 1867 to 1871, inclusive, we :find the 
average yearly amount to be only 14.09 inches, less than half that of 
Minnesota, Iowa., or Eastern Nebraska. This entire amount is not 
more than barely sufficient for the production of the cereals, and just 
so much as we take from this general average to increase the amount 
in the more favored sections, just in proportion do we lessen it in the 
others. And that this average is not far from correct is shown by the 
fact that there is no very great variation from it in either of the ;rears 
included: 1867, 13.78 inches; 1868, 14.03 inches; 1869, 14.17 inches; 
1870, 15.12 inches; 1871, 13.35 inches. The records, which are now 
being· kept at Y a,nkton, Fargo, and Pembina, will doubtless increase 
this average somewhat, but if an equal number of stations were made 
in the drier sections of the interior and west, I am satisfied there 
would be no increase. The meteorological data, therefore, so far as 
obtained, corroborate the opinion I have advanced on this subject. 

NEBRASKA. 

I regret that,! am compelled by want of time to cut short niy proposed 
account of the agricultural resources of this young State, whic!J is so 
rapidly filling up and rising to importance and influence, and which the 
late census shows as standing at the head of the list, so far ·as the ratio 
of common-school education to, the population is concerned. 
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During my examination of the central and southern sectious in the 
summer of 1872~ I found that in some respects I was compeUed to change 
the opinion I had previously formed from hasty passages through the 
State. For example, I am now satisfied that Platte Valley can produce 
crops of the cereals without irrigation farther west than I bad formerly 
supposed. Not that the amount of rain which falls on this valley is 
any greater than _that which falls on tlw adjoining plains, but the moist
ure is longer retained; and, more than this, I strougly suspect that these 
valley-bottoms are largely underlaid with sand-deposit through which an 
undergrouud river permeates. While I am of this opinion in regard to 
this great valley, on the other hand I am now pretty thoroughly con
vinced that the sufficient supply of rain on the upper plains does not 
extend as far west as I formerly supposed. For Southern Nebraska, I 
do not think this can safely be placed any farther west than Fort 
Kearney, except along the immediate valley of Republican Fork, and 
north of Platte this line will probably bend considerably east. 

Notwithstanding it is doubtless true, as claimed by the residents, that 
the subsoil is well .adapted to sustain droughts by its capability of 
absorbing moisture, yet it is also true that the evaporating power of the 
airis greater than is usua11y supposed. The records of the signal-station 
at Omaha show that on the 4th of .April the difference between the wet 
and dry bulb was as mnch as 270, which, considering the fact that this 
is on the bank of the Missouri RiYer, the date early in the spring of a 
rather wet season, is very great and indicates a very dry atmosphere. 

There is another thing in connection with this subject, whicll I think 
is true both of this State and Kansas; that is, that the amount of rain 
does not diminish so gradually as we go west as I had supposed, the 
supply in the eastern part of these States being almost equal to that of 
the States immediately east of them. For instance, the average of frye 
years (1866-1870) in Nebraska was 31.47 inches, while that of Iowa was 
40.65 inches; Kansas 40.98 inches, while that of Missouri was but 38.33 
inches. But if we go westward to the middle of these States the pre
cipitation will diminish to not more than half this amount. We should 
therefore bear in mind that these records which appear so favorable 
apply only to the eastern third of these States. Taking the avPrage of 
all tbe stations in Nebraska for the years named, we find tllem to be as 
follows: 1866, .27.07 inches; 1867, 28.41 inches; 1868, 33.28 inches; 
1869, 42.11 inches; 1870, 26.47 inches. This subject will be more fully 
discussed in my report on the climatology of the West. 

The following answers to the in(]uiries contained in a circular sent 
out b,y the Secretary of the Interior, at the request of Dr. Ha.yden, is 
so full, and, as a general thing, so fair a statement in regard to the 
agricultural resources of southeastern Nebraska that I think it is proper 
that it sllould be inserted here. It is true it is from the land-office of 
the Burlington and Missouri River Railroad Company, who are deeply 
interested in sustaining the character of the lands in this section, yet, 
after a visit in person to the section described, I tLiuk I may safely state 
that it is correct. .A few drawbacks are not mentioned, but I will allude 
to these, as they were not directly embraced in the questions propounded: 

STATE OF NEBRASKA. 

To the Secreta1·y of the Interim·, Washington, D. C. : 
Sm: In accordance with the request contained in " Circular No. 1," addressed from 

the" Department of the Interior, ·washington, D. C.," and dated" 1l:trch 20, 1872," I 
have the honor to report on the description of laud, climate, productions, and markets 
of a portion of the State of Nebraska. I answer the questions in the cinmlar relating 
to this s<:ction of land, and the questions and answers I numiJer con sec uti vely. 
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BOUNDARIES. 

The section of country to which this report applies lies between the Platte River on 
the north and the northern boundary of the State of Kansas on the south, and between 
the western bank of the Missouri River on the east and Fort Kearney on the west. 

DESCRIPTION OF LAND. · 

Question 1. The relative proportion of mountain, valley, and plain of your section 
Proportion of timbered land and varieties of timber' 

Answer. There are no mountains. The whole 1·egion forms a portion of the Trans
Missouri Prairie, which rises gradually from the Mi.;souri Bluffs in long swells, every 
where available for cultivation. The rolling prairie offers no positive obstruction to 
the plow, and the broken prairie seldom. There is little or no timber in the section, 
except in the river-bottoms, where narrow st.rips of forest-trees are found. I here give 
a statement of 

Elevation at the different stations along the BU1·lington and Missout·i River Rail1·oad, in 
Nebraska. 

Stations. Elevation in feet. Stations. Elevation in feet. 
Plattsmouth _____ .. __ .... __ ... _ .. 525 Crete.......................... 910 
Omaha Junction ................. 542.10 Dorchester .... _ ................ 1042. 65 
Louisville .... ---- ............... 582.40 Fairmont ... _ . ____ . _ ... __ .. _ ... _ 1198 
South Bend ....... ___ ............ 592.60 Grafton .... _._ .... ___ ._ ....... __ 125:1. 20 
Ashland _ ......... __ .... _ ..... __ . 643 Harvard ......... _ . - . . . . . . . . . . . 1:356 
Greenwood .... ---------------- .. 682.10 Inland . _ ... ____ .. .. . . .. .. .. .. .. 1435 
w ·averly .............. -------- -· 677.80 Juniata ....... ---- ......... -- .. 1526.40 
Newton ......................... 692.60 Kenesaw .. _ .... ___ ........ _ . . .. Hi05 
Lincoln .............. ------ ·----. 704.90 Lowell ........... _ ........... _ . 1627 
Denton ........ __ .. _... .. .. .. .. .. 788. 80 
Highland. __ .•.... _ ... _ ... _ .. _ .. _ 970 

Kearney Junction... . . .. .. . .. .. . 1704 

Rernarks.-Kearney Junction is above low water, Gulf of Mexico, 2,114 feet, and 
above Lincoln, (the State capital of Nebraska,) 1,000 feet. To each elevation add 410 
feet to get the altitude above low water, Gulf nf Mexico. 

Question 2. What portion can be irrigated and rendered tillable, and what portion not 
irrigable is suitable for grazing? What are the methods of irrigation; how many 
times do you irrigate the different crops; what depth of water in inches is used dur
ing the season; what is your method of regulating the supply and price, and what the 
cost per acre of irrigation? 

Answer. Irrigation is not required within the defined limits. The land, though de
void of forests, is not subject to destrutive droughts. During the agricultural mouths 
the rain-fall is sufficient for all the needs of the agriculturist, and it is regular. An aver
age for five years is as follows: January, 1.24 inches; February, 2.35 inches; March, 1.75 
inches; April, 2.98 inches; May, 4.71 inches; June, 5.43 inches; July, 3.40inches, August, 
3.20 inches; September, 3.49 inches; October, 2.41 inches; November, 1.24 inches, and De
cember, l.G4 inches. Dividing the year into three portions, these figures give for the win
ter-months of January, February, and December an average total for the five years of 
5.22 inches; for the spring and fall months of March, October, and November, an aver
age total of 5.40 inches; and for the remaining six agricultural months, an average total 
for each year of 23.21 inches.* As the rain falls in largest and sufficient quantities 
exactly when it is most needed, the clouds themselves form a perfect system of irriga
tion. It is a fact that this sect,ion, as the whole State of Nebraska, receives a less 
amount of rain-fall than other places in the same latitude; but following a natural law, 
as settlement proceeds and trees are grown, (for which latter see answer to question 7,) 
the annual rain-fall will become increasingly larger, and the upper branches of the 
rivers and creeks-which are now dry, or partially dry, except during rains-will 
always have a" flow of living water.t In order to furnish a correct account of the 
character of the country in this matter, it is necessary to add that the rich, black soil 
of the section rests on a subsoil of porous yellow clay. Moisture does not consolidate 
this suLsoil into a mass, but water is received and 'held as it would be by a sponge. 
Thus the land is, as it were, scientifically uuderdrained; and the crops are duly fed, 
and able alike to resist drought or excessive rain. 

Question 3. What varieties of grains, vegetables, fruits, and other crops have been 
tried, w bich have proved best adapted to your section, and the average yield per acre f 

.Answm·. All cereals have been tried, and succeed perfectly; but wheat stands fore-

"The proper estimate is, from April to August, 19.72 inches.-T. 
tTbis very general opinion is very doubtful, yet it is probably true that the distri

bution will be more equable and the amount more effective on vegetation.-T. 
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most , and in weight of crop this section only falls below California. Wheat grows 
well on tbe bigb and the low lands; and oats and barley yield abundaiJtly, wbiJe maize 
is everywhere successful. Taking a period of five years, an :werage yield of wbeat is 
found to be 17.70 bushels per acre; maize, 32.54 bushels; rye, 20.66 bushels; oats, 36.65 
bushels; barley, 26.75 bushels; aud buckwheat, 26.33 bushels. The wheat gro\Yn here 
retains its characteristics without deterioration for a longer period than in most parts 
of the country; but still it is desirable, now and again, to renew the seed. In view of 
this fact, the Burlington and Missouri River Railroad Company proposes to import from 
the old countries the best descriptions of seed for those among the purchasers of its lands 
who may desire new seed. Potatoes, sweet potatoes, turnips, beets, and all root-crops 
yield abundantly, the average production of potatoes for five years being 79.80 bushels 
per acre. The systematic culture of the sugar-beet would give an abundant supply 
of sugar. Sorghum is of free and rich growth ; and an excellent sirup is manufactured 
from its juice, though the processes of manufacture are at present crude. Table-vegeta
bles all grow freely; and the castor-bean finds the soil and climate suitable. Por a few 
years past attention has been devoted to fruit-growing, and peach and apple orchards 
have been established in many parts of this section. At one time there were doubts 
whether fruit-culture would ever be sucessful here. These doubts were the offshoots 
of theories that had never been tested by experience; but now, and as the result of 
experience, they have been entirely dissipated. In three years young peach-trees come 
into bearing; and apple-trees in from four to five. One strong proof that fruit takes 
kindly to the Nebraska soil is that, at the exhibition inl871 of the National Pruit-Grow
ers' Association, the premium for fruit was awarded to the State of Nebraska, of which 
the section of country to which this report applies is one of the best parts. 'l'be grape 
is successful under proper conditions. The Missouri bluffs are similar in chantcter to 
the loess of the Rhine banks, and throughout the broken prairie the culture of the 
grape can be profitably undertaken. Small fruits grow luxuriantly; aml the wild 
strawberry and the raspberry of the tim her-skirtings are of excellent flavor. Tobacco 
is grown to a small extent in the bottoms. The plant thrives, and the leaf comes to 
maturity. Flax has been grown in this section for seed; but both flax and llemp might. 
be cultivated for manufacturing purposes. In a new country like this the manufacture 
of linen and agriculture might go hand in hand, provided immigrants who are accus
tomed to the twofold operation can be brought into the State, for to this day it re
mains a fact that hand-made linens can compete in the market with the productions of 
the power-loom. 

Question 4. \Vhat kind of stock is best adapted to your section, cost of raising, value, 
&c.f 

..d.nstcer. The raising of cattle has succeeded wherever tried. The native grasses 
wl.Ji ch form the pasture of the buffalo and antelope are luxuriant. The blue-joint, 
which grows on the highlands, attains the height of six feet; and a grass locally 
called" tnley," which grows in the bottoms of the Missouri and the Platte, is equally 
rich. These are both excellent as feeding grasses; but there are many others, and most 
of the year there is pasture upon the prairie, for even after the slight frosts of the fall 
have browned the grasses they make good cattle-food until they are entirely shriveled 
in the dead winter. Hay is also readily cured and stacked. The winters, as a rule, 
are not loug. Open weather continues to the end of November, and spring bas fairly 
returned by the beginning of March. Cattle, therefore, can be kept in the open air 
for most of the year; and during ordinary years, with t.hc exception a few weeks, all 
the year round. For these few weeks, however, shelter is needed; and when shelter 
is provided the worst winters experienced are not at all to be dreaded by the breeder. 
So far in the history of this country the stock-owner's worst enemy has been the care
lessness induced by the general moderation of the winters. He comes to depend on 
the mildness of the season ; and when a severe winter occurs, and he has not adequate 
sllelter for his stock, loss ensu-es. The fault here indicatetl experience will correct. A 
good profit is made by .purchasing Texan cattle and grazing them on the prairie for a 
season, before shipping to the eastern market. Cattled thus treated go to market in 
splendid conaition. When cattle-breeding becomes one of the regular operations of 
the farmer, it is well to cross the Texan with the Durham. Horse-breeding will be 
one of the industries of the section. Except for the purposes of the farm not many 
hors~s have been raised; but qualified men are here and there turning their atten
tion to the subject. The broken and rolling prairie, intersected by draws, (ravines,) is 
suitable for horse-breeding. As the land is not the best adapted for the plow, it is the 
cheapest of the lands in the section, though, as it is the most suitable for the stock
farm, it is the most valuable of all. In the draws water can always be found; and, from 
whatever quarter the wind blows, the animals can find shelter. It would be well, how
ever, for the horse-breeder to plant willow in suitable places as wind-screens. Peed, 
in the shape of oats and corn, is readily raised. Sheep are valuable stock for these 
prairie-lands; and will make large returns as well h1 wool as meat. Good pasture is 
plentiful, and the sheep require no more than the most ordinary shepherding; bnt that 
they must have. The dry, open winters conduce to the health of the sheep, which are 
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not found to be subject to much disease. The hog thrives, and with corn plentiful, 
the '' hog-crop" yields well. As a general remark, the cost of raising stock here is a 
minimum; and, as there i~:; a command of markets, fair prices can be obtained. 

Question 5. Time of planting the various crops ; and time of harvesting~ 
Answer. Crops are of rapid growtll, and rapid ripening. Spring-wheat is generally 

sown at the latter part of February, and com is planted in April. But com may ue 
planted much later; and in the land-office at Lincoln of the Burlington and Missouri 
River Railroad Company, there are now four heads of corn whicll weigh 3 pounds 2 
ounces. These are average specimens of a crop planted on the 27t,h of June, and har
vested in perfect condition before frost. The ground for fall-wheat is prepared, and 
the seed sown, by the middle of Sepember. 

Question 6. Character of your winters; amount of snow and rain-fall~ . 
Answer. Rain-fall in the section is given in answer 1. 'l'he ordinat'y average winter 

extends over three months-December, January, and February; and the entire fall of 
snow does not exceed 10 inches. The heaviest ~:;now-falls of which we have experience 
are from 4 to 5 inches. 

Question 7. What hal:! been clone in. the way of tree-planting, and varieties best 
adapted to your section~ 

Answer. The annual prairie-fires have, as a rule, prevented the growth of t,im ber away 
from the ravines of water-coursP-s. In these ravines, however, wood grows luxuriantly; 
:mel the timber-skirtings of the rivers and creeks include cotton-wood, many va,rieties 
of oa,k, elm, white ash, hackberry-a tree resembling the ash, but not free in splitting
black walnut, coffee-tree, sycamore, and wilu plum. The wild grape-vine is also abun
dant. But for the fires, by natural processes, the prairies would be timbered, and in 
many bottom-lands, where for two or three years settlement has checked the fires, 
there is ash a,nd cotton-wood brush which, in due course, will become wood.l<- Planting 
is also proceeding, though not so rapidly as is to be desired. However, last year, 
(1871,) one farmer planted no fewer than 120,000 trees; and very many farmers show a 
disposition to surround their homesteads with wind-breaks. By an act approved Feb
ruary 12, 1869, the State of Nebraska exempts " from taxation of the property of each 
tax-payer who shall, within the State, plant and suitably cultivate one or more acres of 
forest-trees for timber, the sum of $100 annually for five years, for each acre so planted 
and cnltivated," provided the trees do not exceed 12 feet apart, and are kept in a 
healthy and growing condition. Cotton-wood, which grows rapidly, is the favorite for 
groves; and the records show that these trees in ten years' growth have attained 
height var.ving from 25 to 50 feet, and circumference varying from 2 feet 5 inches to 4 
feet. The Osage orange is preferred for fences and wind-breaks, though there are some 
planters who give choice to the honey-locust. Other suitable fence-plants, as the wil
low a,nd whitethorn, are used, though more rarely. Induced thereto by the lack of 
timber, and the premium for its cultivation · offered by the State, it is certain that the 
farmers of the section will more and more make the growth of wood au object. The 
Danish residents at Omaha, have formed a tree-planting company; and this company 
intends to plant 2,560 acres of suitable soil, within the limits of this section, in the 
southwestern corner of Adnms County. The company proposes fruit (for which, by 
the act already quoted, property to the amount of $50 annually is exempted from tax
ation for five years, for each acre planted and cultivated) as well as forest tree cul
ture. The fruit is to consist chiefly of grape-vines, peaches, and apples; and the forest 
trees pl'incipally of evergreens. The Burlington and Missouri River Railroad Company 
bas now a contract out for the planting of twenty-seven miles of cuts on the north side 
of the railroad, from the Missouri River, at Plattsmouth, to Kearney Junction.t Front
ing the north, along these cuts, there will be seven rows of trees arranged thus: ex
treme north row, honey-locust; second row, cotton-wood and willow; third row, maple, 
ash, and box-elder; fourth row, Norway spruce and Scotch fir; and the three inner 
rows, European larcll. One main object of this planting is to furnish ties for the rail
road; but it is also hoped that the operation will encourage settlers to imitate the 
example. 

Question 8. What are the kinds and cost of fencing used on the prairies~ What has 
been done in the way of planting hedges ~ 

.dnswe1·. This question is in great measure answered in the reply to question 7; but 
it ma,y be stated that fencing is not a rapid process. When boards arc used the work 
is costly, and therefore there is not much of that kind of fencing. Sod-fences occasionally 
occur, the sod being taken up on breaking. A strong and durable fenee ca,n be con
structed with this material, with no expense saye t,hat incurred in piling the sod in 
due form and order. This class of fence seems to be suited for partial use on the pmi-

"I found this to be true not only at points in Eastern Nebraska, but also in South
eastern Dakota, and in Minnesota, but it only applies to the rain-moistened districts, 
and sections but slightly grazed, for cattle, &c., are about as destructive to the young 
plants as fires.-T. 

t The Northern Pacific Railroad is adopting the same plan.-T. 
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rie; but its value would be greatly increased if the wall were so built that it could be 
planted. on the top with Osage onwge. The honey-locust and tho osage orange grow 
rapidly, and, if properly attended to, in four or five years they will make a fonce that 
will turn cattle. The only cost of the live fence is the price of the ~:;eed and tho labor. 
However, a settler frequently ilnds it necessary to obtain returns from his land before 
investing even the smallest amountofcapitalm anyway butthcmost essentiall'erma
nent improvements. Under these circumstances, the herd-law of Nebraska, has a bene
ficial operation. The intent of this law is to fence crops from the cattle, and to fence stock 
within inclosures. The enactment provides, under penalty, that an owner of ~:;tock 
shall not allow his animals to trespass and commit damage on a neighbor's land. The 
result of this law is-as live fences have to grow rtnd board-fences are expensive-that, 
when a locality i~:; settled, the cattle are herded together un<ler charge of men or boys 
who are paid for their labor from a fund jointly and proportionally subscribed. by the 
stock-owners. While at pasture the herd is taken to the best feeding-grounds in the 
neighborhood.. Every night the milchers are returned to the owners, the other cattle 
being corraled. The law is considered to work well. It prevents the necessity of 
fencing when a farmer could not well afford the cost; but it must also be added that 
it is a check ou fencing when the work ought to be undertaken. 

Question 9. Cost of getting stock and produce to market. 
Answer. The local market for wool and beef is at the farmer's door, for the wholesale 

merchants of Chica.go and Saint. Louis collect produce by traveling agents. When
ever a di::;trict becomes sufficiently settled to support a town, one comes into being, in 
a conveniently cel}.tral position, which depends for its trade on the surrounding country. 
Produce is, therefore, readily marketed, and the wants of the farm and the household 
supplied. As the country, however, becomes more thickly peopled, and its industry 
develops, the farmers and stock-raisers will probably deal more or less dir0ctly with 
the distant consuming markets. The way to Chicago and the eastern ports is opened 
by the Burlington and Missouri River Railroad, and westward by tile Burlington Com
pany and the Union Pacific Company. The .Atchison and Nebraska Railroad strikes 
from the Missouri at Atchison, Kansas, and the Saint Joseph and Denver Railroad 
from the Missouri at Saint Joseph, Missouri. As the mineral resources of the Rocky 
Mou11taius are developed this section of country-Nebraska iR the nearest agricultural 
State to the mountains-will find a. profitable market there, while, by the Missouri and 
the Mississippi, the southern markets are open. 

The drawbacks I alluded to are as follows: the difficulty in obtaining 
building materials and fuel, especially after you get west of Lincoln, 
for exactly the same remarks made in respect to Southeastern Dakota 
apply here. Another difficulty, though not a very serious one, is, that 
west of Crete wells must ue sunk to a consi<lerable depth-from 80 to 120 
feet-to find water ; and streams being scarce, it is difficult to obtain a 
supply of stock-water . .A. third drawback, which applies also witheqna.I if 
not greater force to Dakota and Southwestern Minnesota, is the severity 
of the winter-storms. It is true these are not of very frequent occurrence, 
but when they do come, and few winters pass without one or more, they 
are very severe, and often occasion many hardships and much suffering, 
but experience will teach the settlers how to prepare for and protect 
themselves agai!}st these. 
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LIGNI1~IC FORMATION AND FOSSIL FLORA. 

BY LEO. LESQUEREUX. 

CoLUMBus, OHIO, March 25, 1873. 
DEAR SIR: According to the directions received from you, I spent 

the months of July and August in exploring, first, the plant-bearing 
Cretaceous strata of the Dakota Group, in the valley of the Saline River 
and on the Smoky Hill Fork of the Kansas ; then the Lignitic formation 
of the Rocky Mountains, from Trinidad to Cheyenne, and along the 
Union Pacific Railroad to Evanston. You requested me to have these 
explorations especially directed in view of positively ascertaining the 
age of the Lignitic formations, either from data obtainable in collecting 
and examining fossil vegetable remains, or from any geological observa
tions which I should be able to make. 

The following report gives the details of these researches. Its divis, 
ions are marked by the nature of your instructions. The first part
after recording the facts derived from explorat.ions at different localities, 
discuss the age of the J .. ignitic in considering geological and paleonto
logical evidence. The second part reviews what is as yet known on the 
formation of the lignite, the distribution of the lignitic basins, their pro
ductive capacity for combustible mineral, and the , present application 
of the material. The third part enumerates the species of fossil-plants 
obtained in the explorations of this year, either by myself or other of 
yo11r assistants, describes the new species, and compares their local 
distribution, &c. 

On this last point my researches have been very successful. I ob
tained, frorri the Cretaceous and from the Lignitic, a large number of 
good specimens, which, selected in place and there compared, allowed 
me to fix more positively the characters of many species either not sat
isfactorily known or as yet undescribed. This work was rendered es
pecially profitable by tlle assistance of Mr. L. Lesquereux, jr., who 
pursued tlle researches with scientific interest and unceasing energy, 
and who frequently discovered at remote or distant places the richest 
deposits of fossil vegetables. 

Allow me, sir, to gratefully acknowledge the valuable assistance re
ceived from yourself in railroad passes, letters of introduction, &c., 
still more by information from your former reports, and also to men
lion the kind assistance offered everywhere to my explorations by the 
superintendents of mines, the engineers of railroads, the proprietors, 
&c., who generally manifested interest in my researches. At Fort Har
ker and l\fedicine Bow a generous hospitality was offered me by Lieu
tenant Ed ward Randall and J .. ieutena.nt Hall, commanding the stations. 
I am also indebted to Messrs. B. C. Smith and Eugene Ford for passes to 
Saint Louis, also to E. A. Ford for pass to Kansas City, and to Colonel 
Fisher for pass from Denver to Cheyenne. 

Very respectfully, yours, 
L. LESQUEREUX. 

Professor F. V. H.A. YDEN, 
United Btates Geologist, Washington. JJ. 0 
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PART I.-DETAILS OF EXPLORATIONS IN THE LIGNITIC FOR
lVIATIONS OF THE ROCKY MOUNTAINS. 

Before arriving at Denver, on the line of the Kansas Pacific Railroad, 
I had the opportunity of examining, at two different places, heaps of 
lignitic coal taken out of abandoned and closed shafts. The lignite 
appeared of very poor quality, had been taken from various depths, and 
little evidence on the age of the strata could be obtained from the mixed· 
and mostly disintegrated materials scattered around near the mouth of 
the shafts. vVest of Denver, at Golden, Marshall's, &c., I became more 
intimatel.v acquainted with the general features of the so-called western 
Lignitic formation. Afterward, from Denver, my explorations were pur
sued southward to Colorado Springs; then in the Arkansas Valley, and 
from Canon City, along the base of the H.ocky Mountains, to Trinidad 
and the Raton Mountains, in New Mexico. As it is at this last-named 
locality that I was for the first time able to see a well-exposed section 
of the whole formation, to study, therefore, its essential characters and 
the relative position of its more important members, I propose to begin, 
at the Raton Mountains, the descriptive narration of my resP-arches, to 
pursue it hence northward to Denver and Cheyenne, and then along 
the Union Pacific Railroad to Evanston, where the explorations were 
discontinued. In following this plan some preliminary general conclu
sions may be taken from the data ascertained at the beginning, and may 
be used henceforth as points of comparison and reference for facts and 
observations obtained elsewhere, and which may afford confirmation or 
conflicting evidence. 

§ 1. RliTON MOUNTAINS. 

The small town of Trinidad is pleasantly nestled on the . south side 
and in the bottoms of the Purgatory River, which here runs eastward, 
to take farther east a more northerly course to the Arkansas RiYer. 
Behind the town a series of round, more and more elevated. hills cover the 
base of the highest peak of the Raton : Fisher's Peak, a dark basaltic or 
volcanic mass, which towers above the country at an altitude of about 
2,000 feet. Opposite Trinidad, on the south side of the rh'er, appears 
an extensive range of hills capped by thick, mostly perpendicular rocks 
of sandstone, overl;ying black soft shale, which descend in steep slopes 
to the plain. On the western side the Raton Creek, running north, 
passes through the hills in a narrow, pleasant, green valley, entering 
Purgatory River three miles above Trinidad. 

Iu passing obliquely from the town to the Raton Valley, in a north
west direction, the stage-road gently ascends about 150 feet to a plateau 
which at first is seen formed, even at its surface, of the black shale No. 
4 of the Cretaceous,* which here contains well-preserved, large, charac
teristic shells in ferruginous concretions. But soon the plain appears 
cut by undulations, which already, one mile from Trinidad, have their 
tops strewn witll large broken flags of sandstone, over which no other 
trace of fos8il remains but marine plants or fucoids are seen. A little 
farther from the town the same sandstone is in place, immediately and 
conformably overlying the black shale; and in entering the small val
ley of the Raton, the road curves around steep hills, whose base rests 

"The divisions of the Cretaceous indicated in this report are those of Messrs. l\feek 
and Hayden, marked in the general section of this formation in Dr. Hayden's report, 
ltl70, page 87. 
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upon the fncoidal sandstone, and whose sides, exposed by denundation, 
are blackened by outcrops of coal at different altitudes. Here is the 
nearest place to the town where the coal is opened and sometimes 
worked in a very limited extent. These details render the locality 
easily recognizable. 

A few sections of the Lignitic measures of the Ratou Mountains have 
been given already from the hills along the creek.* They differ some
what in the records of the distance and of the thickness of the lignite
beds, but the differences are easily accounted for by the great variety 
remarked, even at short distances, in the disposition of the strata of 
those Lignitic formations. The.v are, therefore, perfectly reliable, and 
it is merely to complete them that the two following ones are given here. 
They point out the exact relation of the Lignitic formation to the Cre
taceous, and mark, besides, what I consider to be the essential character 
of a group of sandstone which separates these formations, and which, 
taken as yet as a kind of debatable ground, has been dubiously re
ferred either to the Cretaceous or to the Tertiary. The first of these 
sect.ions is taken along the small branch in whose b~tnks the lignite-beds 
appear in succession down to the Haton Ureek, and then following this 
creek to the Purgatory River, where the Cretaceous measures are ex
posed. It reads from top downward: 

LIGNITIC. 

1. San<lstone and shale, covered with pines ......... - ..................... . 
2. Softsllale, alternating with soft clay, (soapstone) .................. ·----· 
3. Outcrop of lignite, indifferent ..................... _ ................... . 
4. Soft-shale and fire-clay .......................... _ ..................... . 
5. Lignite outcrop, thin .........................•.......•................. 
6. Hard gray shale, with fossH plants at baset. ........................... . 
7. Shaly hard sandstone, in bank ........................................ .. 
8. Soapstone shale ...................................................... . 
9. Lignite outcrop, good ................................................. . 

10. Fire-clay and shale ................................................... . 
11. Lignite, exposed ...................................................... . 
12. Fire-clay .......... o ••••••••••••••••••••••••••••••••••••••••••••••••••• 

13. Soft shale ............................................................ . 
14. Lignite, opened ...................................................... . 
15. l<'ire·clay ........................................... _ .•................ 
16. Ferruginous and shaly sandstone, covered ............•....... __ ........ . 

SANDSTONE. 

Ft. in. 
60 0 
35 0 
2 0 

26 0 
1 0 

30 0 
6 0 
2 0 
2 0 

:36 0 
2 6 
6 0 

30 0 
4 0 
8 0 

50 0 

300 6 

17. Brown, reddish shaly sandstone, with debris of land-vegetables....... . . .. 37 0 
18. Yellow shaly sandstone, full offucoids.... .... ...... ...... ...... .... .... 56 
19. Ferruginous sandstone, barren...... . .. . . . . .. . . .. . .. . . .. . . . . .. .. . . .. . . . 11 0 
20. ·white compact sandstone, in bank and barren . . . . . . . . . . . . . . . . . . . . . . . . . . 28 0 
21. Hard white sandstone, in bank, with fucoids ......... _.. . . .. . . . .. .. . .. .. 10 0 
22. Soft white sandstone, with fucoids ................... _.. .. .. . . . . . . .. .. .. 32 0 
2:3. Very hard block sandstone, barren ...... ____ ............................ 19 6 
24. Ferruginous sandy shale, with fucoids .............. __ .. .. .. . .. . .. .. . . .. 6 (i 
25. White sandstone, barren .......................... _ ..... _.. . . .. .. .. . . .. 5 6 
26. Ferruginous sanc.ly shale, with fucoids ................ _.. . . .. . .. .. . . . .. .. 8 0 
27. Red sbaly sandstone, with grea,t abundance of fucoids.... . . . . . . . . . . . . . . . . 3 0 
28. Hard white sandstone in bank, some fucoids ...... _ ............... _. .. .. 12 0 

liS 0 

-~'F. V. Hayden's Report of the United States Survey of Colorado and New Mexico, 
(1869,) pages 55 to 57; Notes on the Geology from Sruoky Hills to Rio Grande, by T. S. 
Leconte, M.D., pp. 20 and 21. 

tAt a short distance the sandstone No. 7 takes the place of the shale-bearing plants. 



320 GEOLOGICAL SURVEY OF 'rHE TERRITORIES. 

This last stratum is underlaid by the Cretaceous black shale No.4. In 
some places No. 27 is the last member of the section, and is, therefore, in 
immediate superposition to the black shale. From No. 17 to 28, and 
perhaps already from the upper member, which is covered, the whole 
measures form a single group of white or yellowish ferruginon~ sand
stone-beds, separated by bands of bard laminated clay, mostly sandy or 
passing to sandstone, the whole measuring 178 feet. The characters of 
this group, as clearly recognized here, are as follows: 

1st. Its general color is whitish gray, so white indeed, sometimes, 
that the lower strata, seen from a distance, appear like banks of lime
stone. 

2d. Though generally bard, it weathers by exfoliation under atmos.
phedc influences, and its banks are thus molded in round undulations; 
and, as it is locally hardened by ferruginous infiltrations, it is often too 
concretionary or grooved in cavities, so diversified in size and forms 
that sometimes the face of the cliffs shows like the details of a compli
cated architecture. 

3d. It is entirely barren of remains of animals. 
4th. On the contrary, from its lowest stratum to its upper part, it 

abounds in well-preserved remains of marine plants or fucoids, which, 
at some localities, are seen even in the sandstone over lignite-beds. 

5th. In its upper part the sandstone or the shales of this group are 
mixed with broken debris of land-vegetation, with which also fucoidal 
remains are found more and more abundant in descending. 

The disposition of the strata and their compounds is about the same on 
the otller side of the Purgatory River, opposite Trinidad, where the 
section is from top downv17 ard : 

Feet. 
1. Hard ferruginous shaly sandstone with few rema,ins of fucoids, but abun-

dance of debris of land-plants ..... -- .... ··---. ____ ........••......•....• 25 
2. Hard whitish sandstone, full of fucoids...... .. . . . . . . . . . . .. .. . . . . . . . . . . . . . 57 
3. Shaly sandstone, with same abundance of fucoids ...........•.... _ .... _... f>O 
4. Soft laminated fenuginous sanely elay, with fucoids ....... _ .......... _.... 11 
5. F<>rrnginous shale, with fucoids ... _ .... _ ......... _ .. _. _.. . . . . . . . . . . . . . . . . 4 
6. White block-sandstone, barren . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 5 
7. White saudstone,with fncoids ---· .......................... -----· .... .... 22 
8. Ferruginous shaly sandstone, with fucoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
9. Black shale of No. 4, Cretaceous ... _. . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . • . 147 

10. Covered space, sandstone and shale to bed of river...... . . . . . . . . . . . . . . . . . . 153 

In both tllese sections the remains of marine plants are remarked in 
most of the sandstone-strata and their intermediate clay-beds, and as 
abundant at the base as near the upper part. And in this last section 
they are seen mixed with fragments of land-plants, even to the top of the 
sandstone cut like a tower at the point of the highest bill facing Trini
dad. 

In passing from the black shale of the Cretaceous No. 4 to this group 
of sandstone-beds overlaying it, the difference in the characters is strik
ing, not only in considering their compounds, but in the class of fossil re
mains which they contain, the traces of deep marine life predorr.inating 
in the black shale, while here they have totally disappeared. The 
absence of the upper Cretaceous formation No. 5 might be taken into 
account for explaining this difference. We will see elsewhere that it is 
not the case, and that the upper Cretaceous sandstone-beds are as 
definitely characterized by their fossil remains as a deep marine forma
tion as the second group No. 4. Now, in the ~andstone above No.4, 
marine life still marks its activit.r only by the abundant remains 
of fucoids, indicating by their growth a comparatively shallow water. 
They point out, therefore, to a slow upheaval of the bottom of the 
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sea in which they appear to have lived ; for their stems penetrate 
the sandstone in every direction. And this indication is still more 
manifest in the great abundance of debris of land-plants which seem as 
ground by the waves, thrown upon the shore and mixed in the sand 
with fucoidal remains. This slow upheaval, and its result in the forma
tion of a new land, are read as in a book in the fossil remains of this 
group of sandstone, and every observer should forcibly admit that these 
memorials of old expose the beg·inning of a new era, or of what we call 
a new formation. Tllis conclusion, however, can be warranted only if 
by further researches we recognize that this fucoidal sandstone is not 
a mere local formation; that it covers a wide area, preserves everywhere 
its relative position to the Cretaceous under it, and to tile lignitic beds 
above, and has always the same characters either in its compounds or 
in its fossil remains. 

That this sandstone forms all over and around the Raton :Mountains 
the base of what is called the Lignitic formation, and that it there over
lies the black shale No.4, has been remarked by all the geologists who 
have explored the country. Dr. F. V. Hayden describes it briefly but 
very exactly in his section* as "a massive, heavy-bedded sandstone, yel
lowish gray, (or whitish,) rather concretionary in structure, and ?.Deatllering 
by exfoliat·ion, over Cretaceous shales 1.oith Inoceramus and Ost'rea," this 
last bed remarked elsewhere as Cretaceous :No. 4. Nothing is said of 
the characters of its remains. But the specimens of fossil-plants gath
ered at the Raton 1\fountains by Dr. Hayden and his party, some of 
them marked : from the sandstone below the coal, bear fucoidal plants, 
representing the species of Halymenites, which, by the abundance of its 
remains, appears essentia1ly characteristic of the marine :flora of that 
period. Dr. Hayden still remarks it toward the southern end of the 
Raton Pass, where the Lignitic formation, 100 to 150 feet thick, containing 
two or three small seams of coal, rests immediately upon an irregular 
bed of alternate thin layers of mud, sandstone, and clay, which he calls 
beds of passage between the Cretaceous and the Tertiary of that region. 
Dr. John Leconte, considering the same strata as Cretaceous, mentions 
them in his reportt as continuing southward of the Raton along the 
base of tlle Rocky ]\fountains, "forming like an immense terrace, which 
extends as far south as the valley of the Tonejo, and perhaps even to the 
north bank of the Cimarron." They are evidently the same sandstone
beds as those of the Raton Mountains; for the same geologist remarks 
that they were observed by him northward from Trinidad and far toward 
the Arkansas. Indeed, from this place northward to the base of the 
Spanish Peak, these sandstone-beds, always with the same characters 
and the same thickness as marked for the eight first members of my 
second section, 207 feet, and always immediately over the Oretaceous 
No. 4, form like an immense terrace perpendicularly, cut like a wall 
facing east, high above the plain. They support the lignitic beds which 
still tower above them, Pither ascending in steep declivities from the 
top of the perpendicular sandstone, or receding at some distance where 
they have been more deeply sapped by erosion. " This abrupt front," 
says Dr. Hayden, "seems to form a sort of shore-line of a wonderful basin, 
as if a body of water had swept along and washed against the high bluffs, 
a.s along some large river." t The stage-road from Trinidad to Pueblo 
follows the base of the cliffs for thirty-two miles; and, from each station, 
.a geologist has convenient opportunity for the exploration of these re-

21 G S 

"fReport 1869, page 57. 
t Notes on Geology, &c., loc. cit., pp. 22 and 23. 
+Dr. F. V. Hayden's Report, 1869, p. 53. 
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markable hills, and for the study of the distribution of their geological 
strata and of their characters. South of Trinidad the lignitic measures 
have been followed nearly without interruption to the l\:Iaxwell estate,• 
about fifty miles. As it is not as yet ascertained, however, how far they 
go to the west, the area which they cover at and around the Raton 
)'fountains cannot be positively marked. It is not exaggeration to 
estimate it at a few hundred1 say six to eight hundred square miles. 
:Besides this, the same formation is reported farther south, near and 
around Santa Fe; in the Gallisteo Valley; along the mountains to 
.Albuquerque, and in the valley of the Rio Grande as far south as Fort 
Craig. Everywhere, with a single exception, which shall be considered 
hereafter, theselignitic measures have exposed, by their relative position,. 
by tile absence of animal remains in the thick beds of sandstone which 
indicate t.heir base and constitute their foundation, by the homology of 
their marine and land flora, as recognized in the remains of fossil-plants 
which they contain in abundance, all the characters indicated above as 
authorizing, if generally marked, the separation of this group from the 
Cret.aceous formation. 

§ 2. THE ARKANSAS VALLEY FRO~! PUEBLO TO CA~ON CITY. 

From Pueblo to Canon City, forty-five miles, the stage-road follows a 
broad valley, closed on the south side by the Greenhorn l\:Iountains, on the 
north side by the Rim Range of the Colorado Mountains, over which 
towers Pike's Peak, whose summit is visible all the time. The whole 
valley is essentially Cretaceous; all the eminences, either near the bor
ders or in the middle, are hills of this formation, molded by the erosions 
of the Arkansas River, which has dug numerous beds in this soft ma
terial. The borders of its present bed, like those of its old ones, where 
the road sometimes meanders, as in a labyrinth, are picturesquely 
marked by rocks of diversified forms, resembling monuments built 
by the hand of man, towers, columns, ruins, &c., often strewn 
around in confusion. On the south side of the river~ however, about 
:fifteen miles before reaching Canon City, the aspect of the country is 
modified by the appearance of a group of hills of the Lignitic, fil1ing the 
space from the base of the Greenhorn l\fountains to the borders of the 
river, three to four miles in width. The whole area covered here by 
the Lignitic is, from the report of l\Ir. Neilson Clark, civil engineer and 
superintendent of the mines, about thirty-three square miles.t The 
lower strata, overlying the sandstone, rise abruptly about 50 feet 
above the Arkansas River, forming a kind of narrow plateau, over which 
the bills of the Upper Lignitic rise up to about 500 feet. The whole 
thickness of the lignite-bearing strata is estimated, in the journal 
quoted above, at about 600 feet. The following section is taken on the 
land of the Central Colorado Improvement•Company, where coal-beds 
are already now extensively worked.:j: It is written from bottom up
ward: 

Underlying the bottom sand-rock is a thick becl Qf clay, interlaid with seams of 
.eand-rock, whose thickness cannot be less than 200 feet. 

*Dr. F. V. Hayden's Report, 1869, p. 57. 
t Engineering and Mining Journal, November 12, 1872. I owe also to Mr. Clark, who 

had the kindness to take me to the mines, the details of the following section, and 
other valuable information. 

t Details on the lignite, its comparative value, thickness, &c., are given in a separate 
chapter. 
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Ft. In. 
1. Bottom sand-rock grayish-yellow, filled with concretions of red sandstone, 

st~ati~ed witJ:t red sau~st.one, decomposes easily into yellowish-white sand, 
WIth h ttle gn t, ( exfohatm g) .......•••.. - ••••••.••... _ ... ___ .....•.•••. 195 0 

2. Brown,verysoftshale, (soapstone) ..•••...••.....•.••.............•.••..• 2 0 
3. Coal...... . . . • • . . . . . . . . . . . . . . . . . . . . • . . . . . • . . • • • . . . . . . . . . . . . . . . • • . . . . . . . • • 1 8 
4. Brown (chocolate-colored) very soft shale, (soapstone).. . . . . . . . . . . . . . . . . . • 2 0 
5. Coal, separating in blocks by cleavage.... .. . . • • • • . . . • • . .. . . . . • . . . • • • • . • • 4 2 
6. Brown, very soft shale, (like No.4)........................................ 8 0 
7. Coal ...•....•........•. - ..........• -•..•..•...................... 1 foot to 1 4 
8. Shale ........... -......•.• - ..• - .•..• - .....• -.. . . . . . . . • • • . . . . . • . . . • • . . . . • . . 0 10 
9. Clay...... . . . . . . . . . . . • . .. . • . . . . . • • . • • • • . . . • • . . . . • . . • . . . . . • . • • . . . . • . . . . . . • 2 6 

10. Coal. .............••............. - .... -.. . . . . . . • • • . . . . • . • . . . . . . . . . • • . . • • 0 10 
11. Shale, with thin layers of argillaceous carbonate of iron.................. 9 o 
"'.2. Sand-rock...... . . . . . . . . . • . . • • . . . • • • • • . • • • • • . . . • . . . • . . • . . . . . . . • . . • . . . . . • 7 0 
13. Shale.. . • . . . . . . . . . • . • • . . . . • • . . . • . • • . . • . • • • • . . • . . . . . . . . . . • . . . . • . . . . . • . . • 3 0 
14. Sand-rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . • . . . . . • . . . . . . . . • . . . . • . . • • . • 33 0 
15. Shale, with thin layers of carbonate of iron...... . . • • . . . . . • • . • • • . . . . . . . . . . 8 0 
16. Coal.... . . . . . . . . . • . . . . . . . . . . • • . . . . • . • • • . . . . . . . . • . . . • . . . . . . . . . . . . . • . • . . . . 2 2 
17. Slate. . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . • . . . . . . . • . • . . . . . • . • • • . • . . . . . . . • . . • 14 (J 

18. Sand-rock •..• ---· ....•• ---- •..••..•••.•..••.•.•.•..•.....••.......• ·--· 2 0 
19. Shale .............•.. _ ••. _ .....•.• _ •.•..••..•.•.... _ •••... __ .• . . . . . . . . . . 2 0 
20. Coal ... _ ... ___ .....••.•..... --- .. - . -- ... -- .•.......•.... _ •.•.. _ .. _. . . . . 1 8 
21. Rock and shale ........... ___ ....•••••... ___ •. ___ ....•.•. ____ ..•.....• _. 12 0 
22. Coal ..........•.... _ •.....•.....•..•.•.•.•..•.....•.......•..•.. __ . . . . . . 2 8 
23. Rock and brown shale... • . . . . . . . . . • . . . . . • . • . . . . . . . • • • . . . . . . . . . . . • • . . . . . . 25 0 
24. Coal ......................•.....••....•.................•••............• 1 1 
25. Brown shale .•.•...........•.....•..•.....•••..•.••....•........•..•.... 1 10 
26. Sand-rock...... . . . . • . . . . • . • . . • • . . . • . . . . • . . • • . • . • • • . . . • . . . . . . • • . . • . . . . . . 22 10 
27. Slate. . . . . . . . . . . . . • . . . • • • . . . • . . . . . • • • . . . • . . . . • . . • • • . . . . . . . . . . . . . . . . . . . . . • 0 6 

~~: ~~~i~~~~~~~·-_s_e~-~::::: :::::: :::::::::::::::::·:::.:::: :::::::::::::::::::: lg ~ 
Then follows some 200 feet of sand-rock, containing three seams of coal, varying 

from 10 to 20 inches, one of which yields pieces of coke. On the edge of the basin, the 
coal-bearing strata are few in number; toward the center they increase in number, 
high bluffs continually appearing until, over the center of the basin, we find the high
est geological rocks of the region. 

Mr. Clark still remarks: 
But in regard to the formation of the coal the regularity of the strata is wonderful. 

It is true that, toward the north, the seams of coal are thinner, and the sandstone 
much thicker, than to the south ; true, also, that at times the parting of the seams, 
mostly of clay, varies somewhat in thickness, but over the whole extent of the 
basin, some thirty-three square miles from outcrop to outcrop, the dip is conformable 
to the center with a few unimportant exceptions, and the thickness of the seams and 
the sand-rocks varies regularly. 

l\fr. Clark's section bas been carefully made from data obtained in 
mapping and surveying the whole extent of this lignitic basin. I there
fore consider it as a favor to have the privilege of substituting it for my 
own, not only on account of its being more detailed, but because it 
affords opportunity to consider here, as at the Raton Mountains, the 
essential characters of the Lignitic from observations presented under 
different points of view. 

In the above section it is easy to recognize from its composition, its 
color, its mode of disaggregation, the sandstone No. 1, about 200 feet 
thick, as the equivalent of the lower fucoidal sandstone of the Lig
nitic of the Raton Mountains. The essential character taken from its 
remains is not mentioned. But I bad full opportunity to remark it, not 
only in the lower beds under the coal worked by the Improvement Com
pany, but also where the same sandstone is exposed, together with the 
upper Cretaceous strata, in the middle of the valley, half way between 
Pueblo and Canon Oity. In my examination of the strata overlying 
the lignite of the same basin, I found not only a number of dicotyledo
nous leaves in the shaly sandstone, but in the intermediate beds of hard 
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sand-rock too, many remains of frtcoidal plants, especially of the spe
cies which, so easily recognized by its tuberculate surface, appears to 
be the most common one, and the more characteristic too of the Lig
nitic. This is a proof that the eocenic character of this formation is 
not limited to its base, and that the lower sandstone, together with the 
beds of lignite, are of the same formation; that, indeed, as it will be 
seen elsewhere, the lower sandstone sometimes includes in its divis
ions beds of lignite to its base.* 

Can we here determine the upper part or the end of this formation~ 
At the Raton its lower stage is especially formed. I could see there 
nothing in ascending the highest hills or slopes covering the volcanic 
central group which indicated any change in the characters of the strata. 
But near the center of the Lignitic of the Arkansas Valley, the forma
tion is covered with high hills, and the 200 feet of lignite-bearing meas
ures above those marked in the section are overlaid by beds of coarse 
grit, mostly conglomerate sandstone, which I consider as the closing· 
strata of the Eocene-Lignitic period. For this, as for the great sand
stone of the base, we have to see if these upper conglomerate strata 
have been observed elsewhere and in circumstances which may prove 
their immediate connection with the Lignitic. Here the 200 feet of 
measures under them are formed by an alternance of beds of soft clay 
or soapstone, with an abundance of silicified wood, beds of lignite; 
(the outcrop of one near the top indicating at least two feet,) beds 
of clay, which become hard, uninterrupted, blackened by carbonaceous 
matter; and over them, in immediate superposition, ferruginous con
glomerate sandstone separated by bands of soft-grained sand-rock in a 
thickness of about 75 feet. No trace of organic remains are found in 
this top sandstone. I found fucoidal plants mixed with broken remains 
of Cyperacem as high as 300 feet below the top. 

Three miles northeast of Canon City 1 had opportunity of examin· 
ing the formation which underlies No. 1 of Mr. Clark's section. It is 
a compound of thin beds of yellow, compact, sandy clay, separated by 
thin layers of coarse materials or of sandstone. It contains animal 
remains only, large scales of :fishes and shells of Cretaceous characters 
overlying the black shale No. 4, in a thickness of about 40 feet. What 
there remains of this upper group of the Cretaceous is not much, the 
materials being too soft, and having been swept away by erosion. But 
there is enough left to show at once the great difference existing in the 
compounds and nature of the strata of this Cretaceous upper formation, 
and of those of the lignitic sandstone, which here is immediately above. 
The superposition is seen, as remarked above, in the Arkansas Valley, 
on the banks of a creek on the stage-road mid way between Pueblo and 
Canon City. 

All this is not new. The same yellow, arenaceous clays of No. 5 in 
the Arkansas Valley are already exactly characterized and reported by 
Dr. Hayden, t who marks, too, their succession in ascending as "passing 
up into a somewhat extensive series of what I call mud-beds, composed 
of thin layers of clay and mud sandstones, with all kinds of mud-mark
ings, sort of transition beds or beds of passage. In the upper portion 
of these layers I found an imperfect specimen of Inoceramus. This 
group of beds is from 50 to 100 feet in thickness. Resting upon them is 
a thick bed of rusty-yellow sandstone, which I regard as the lower bed 
of the Tertiary deposits," &c. These mud-beds, with all kinds of mud-

" Dr. Hayden has, from five miles south of Trinidad, specimens of the same plants 
labeled, "Frorn the sandstone above the coal." 

t Dr. F. V. Hayden's Report, 1869, p. 50. 
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markings, appear to belong to the lower part of the fucoidal sandstone, 
the remains of marine plants often resembling mud-marks of various 
kinds. The presence of a specimen of Inoceramus in the upper part of 
the strata is an apparent contradiction to this conclusion. The matter 
is left aside for future discussion. 

§ 3. COLORADO SPRINGS TO DENVER. 

From Pueblo northward no trace of the Lignitic is seen along the 
mountains till near the southern base of a range of hills, the Colorado 
Pinery, which, in its eastern course, at right angles from the primitive 
mountains, forms the divide of the waters between the Arkansas and the 
Platte Rivers. 

The succession of the Cretaceous str~ta is clearly marked on the 
banks of 1\fonurnent Creek. In following it up from Colorado Springs 
the formation can be studied to the top of the black shale No. 4, and 
above this to a bed of brownish sandstone, separated from the black 
shale by thin layers of Tuten clay and soapstone, where the last remains 
of Cretaceous animals, especially fragments of Baculites, are still 
abundant. Over this is the sandstone, barren of any kind of remains, 
overlaid in the banks of the creek by a bed of fire-clay, or very soft 
chocolate-colored shale, which marks the base of the following section at 
low-water level of the creek: 

Feet. 
1. Brown laminated fire-clay, or chocolate-colored soft shale, a componnd of re-

mains of rootlets and leaves and branches of undeterminable conifers._.... 2 
2. Coal, soft, disaggregating under atmospheric influence.... • . . . . . . . . . . . . . . . . . 2 
3. Chocolate-colored clay-shale, like No. 1, with a still greater proportion of 

vegetable deb?· is...... • . . • . . . • . . . . . • . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . . . . . . . . 6 
4. Soft, yellowish, coarse sandstone in bank.... . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
5. Clay, shale, and shaly sandstone covered slope.................. . . . . . . . . . • . . . 130 
6. Soft, laminated clay, interlaid by bands of limonite iron ore, thin lignite 

seams, and fossil-wood ........................ _ ....................... _.. 88 
7. Lignitic black clay, in banks ...•...........•...................•..... _.... 32 
l:l. Pine-grained conglomerate ... _ ...........•............... _ ..... __ . . . . . . . . . 112 
9. Pine-grained sandstone .. __ .................... _... . . . . . . . . . . . . . . . . . . . . . . . • 4 

10. Coarse conglomerate .........................•.............. __ ............ 7 
11. Sandstone ... _ ...... _ .............•..... . .. _ ....... . ..... • .. _ ......... _ .. _. 3 
12. Perrngi no us hard conglomerate .................... _ ....... ___ _ . . . . . . . . . . . . 32 

426 

The soft, chocolate-colored, laminated clay, Nos. 1 and 3 of this 
section, has here the same composition, color, and characters as the clay 
under and above the coal-beds of -the Raton Mountains and of the 
Arkansas Valley. Indeed, I have seen it the same, more or less darklJ
colored by bitumen, however, in connection with coal-beds, over the 
whole area of the Lignitic which has been passed in my exploration. 
This clay takes the place of the fire-clay so generally underlying the 
coal-beds of the Carboniferous measures, where, as in the Lignitic, it 
forms, besides the floor, some bands,clay-partings, separating coal-strata, 
and soft shale overlying them. It has also been formed in the same 
way by immersed fresh-water plants, or true water-plants like Characem, 
by the innumerable divisions of the roots of trees living along or within 
the swamps, and by the debris of the trees, which appear to have been 
mostly conifers. The fragments entering into the composition of this 
clay-shale are much more divided and obscured by maceration than the 
remains preserved in sandstone or sandy shale, and, except for a few 
branches of conifers, I have not yet been able to determine any of them 
in a satisfactory manner. 
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The sandstone over the Gehrung coal, No. 4 of the section, is by its 
appearance, its mode of weathering by effoliation, &c., the equivalent of 
the lignitic fucoidal sandstone. On the soutli side of the river, where 
the coal is opened, it does not contain fossil remains of any kind, and is 
comparatively thin. But on the other side, its thickness increases to 
about 75 feet, and it has some remains of fucoids, and a thin bed of coal, 
(6 inches,) a mere streak in the sandstone. In its upper part, this sand
stone, ferruginous and shaly, contains a quantity of dicotyledonous 
leaves, Populus, Platanus, &c., with large fragments of Saballeaves, all 
species which, by identity with some found at the Raton and in the 
Arkansas Valley, do not leave any doubt about the contemporaneity of 
these Lignitic measures. 

By far the most interesting member of the section at Gehrung's is the 
conglomerate formation at the top. These rocks are a compound of small 
grains or pebbles, mostly of white quartz, and of silex of various colors, 
varying in size, at least for the largest proportion, from that of a pea to 
that of the head of a pin. Pebbles as large as a walnut are still abun
dant; the largest, like the first, are rare, and especially found within the 
layers of the top. This formation, 150 feet thick at least, is conforma
ble to the strata overlying the coal of the base of the section, and here, 
as it -will be still seen at other places, it overlies immediately thick banks 
of soft, laminated, bituminous, black clay. The materials forming this 
conglomerate are cemented together by a thin coating of carbonate of 
lime, which easily disaggregates under atmospheric influence, except in 
the upper stratum, where the cement has been hardened by ferruginous in
filtration. Its greater resistance has then locally preserved thew hole mass 
from destruction. These conglomerate cliffs, which, from the hotel of 
Colorado Springs, arrest the view to the west, appearing like high bluffs 
of white sandstone, are evidently the mere vestiges of an extensive 
formation, originally covering the base of the mountains from the 
Arkansas River, extending far inland to the east. For hundreds of 
miles the ground of Colorado Territory is formed by its debris. They 
have given to the soil that apparent sterility of surface which is so 
remarkably changed into fertility by the culture of the snbstratum com
posed of softer-grained materials and lime. Nearer to and along the 
base of the Colorado Pinery, whose Lignitic hills have escaped destruc
tion by the upheaval of the ridge, these conglomerates, still detached 
from the common mass, and molded into the most diversified forms by 
disintegration, have scattered columns, pinnacles, round towers, and 
cupolas over a wide area, the far-famed Monument Park. 

I have not had opportunity to examine the highest ridges of this 
Colorado Pinery, whose southern base is about five miles from Colorado 
Springs, and on the other side descends to five miles south of the South 
Platte. Dr. F. V. Hayden, who has surveyed the formation, considers 
it as Upper Miocene (?) (modern Tertiary deposits) comparing it to a group 
ofrocks which covers the country from Fort Bridger to Weber Canon, 
and also to a series of sands and sandstones along the Gallisteo Creek 
below Sante IN~, the Gallisteo group.* We shall have opportunity to 
see this formation again, and to consider its age with more details. 
Here, as at other localities, it is conformable to the Lignitic, which re
appears on the northern side of the ridge, along Cherry Creek and other 
branches emptying into the Platte. No beds of Lignite are as yet re
ported along this slope; but the .clay-beds have, as on the other side, an 
abundance of silicified wood. I have seen many fine specimens of it in 

* Dr. :F. V. Hayden's Report, 1869, p. 40. 
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the cabinet of 1\Ir. Byers,* the redacteur of the Denver City News, and 
since my return have read in the same journal the description of a fossil
tree found at Cherry Creek, which, had I read it while at Denver, 
would have induced me to visit the place and ascertain the exactness 
of assertions scarcely credible. This reported fossil palm-tree, which is 
hollow, measures at its base 22 feet in diameter, and 20 feet from base 
the diameter is still 15 feet. This is nearly equal to the size of the 
largest sequoia or giant tree of California. Such a size cannot be 
supposed, at least not for palm-trees. Whatever it may be of this dis
covery, the abundance of fossil-wood indicates at Cherry Creek the 
same level as that of the beds of clay marked in the section of Gehrung's 
as No. 6. I believe that the lignite-beds underlie there these fossil
trees at a distance of 100 to 150 feet. Not far from this place, fourteen 
miles east of Denver, on the Kansas Pacific Railroad, a bed of lignite 
8 feet thick was reached at 81 feet from the surface by a shaft, which is 
now closed, and whose section is worth future reference. I owe it to 
Mr. E. B. 1\ially, who superintended the work. The section is from top 
to bottom: 

Ft. In. 
1. Slaty clay .........•.....•.......••......•.............................• 16 0 
2. Saud...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 0 
3. Yell ow clay ... ~ ................................................. ~.. . . . . . . 5 0 
4. Light-blue soapstone .........................•.................. -~-~-·.. 6 0 
5. Bro\vn soapstone .....................•............ ~ ........... ~. . . . . . . . . 2 0 
6. Soapstone and clay.... . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . 13 0 
7. Drabsoapstone ......................................................... 14 0 
8. Dark-brown soapstone.................................................. 2 0 
9. Black slate, with veins of coal........................................... 5 6 

10. Coal, wet and smutty.................................................... 4 0 
11. Coal, better.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 3 0 
12. Black-clay parting.... . . . . .. . . . . . .. . . .. . . . .. .. .. .. . . . . • .. . . . . . . . . . .. . . . . 0 4 
13. Coa.I ......................•.......................•..................... 1 0 
14. Soapstone, blue, brown, and black ....................................... 24 7 
15. Hard saud-rock .....................................................•.... 1 4 
16. Spottedsand-rock ....................................................... 12 0 
17. Very hard sand-rock.... .. .... .... .. ...... .. ... .... .. .. .. .. .. .. .. .. .. .. .. 5 0 
18. Soft, sandy clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 6 

14~ 3 

The work was abandoned on account of the poor quality of the coal; 
but the section indicates the place of the bed, at the top of the great Lig
nitic or fucoidal sandstone under the series of beds of clay, soapstone, 
&c., as at Gehrung's and at the Raton Mountains. 

§ 4. SOUTH PLATTE TO CHEYENNE. 

:From the mouth of Bear Creek into the Platte, a few miles west of 
Denver, the Lignitic: formation, abutting against the Cretaceous and 
diversely thrown up by the upheaval of the primitive mountains, follows 
the base of these mountains in a nearly continuous belt to Cheyenne. 
Though generally covered by detritus, the basin is deeply cut by all the 
creeks descending to the plain-Clear, Ralston, Coal, Erie, Boulder, 
Thompson Creeks, and others-and the strata thus exposed can be 
studied in their relative position, their compounds, &c., at many places. 
This study is most interesting, but the same ground has been already 
surveyed by geologists of repute, Dr. F. V. Hayden, Dr. John Leconte, 
Mr. James T. Hodge, &c., who have given to their explorations more 

.,. I owe to this gentleman valuable information on the distribution of the lignite
beds around Dcnvers. 
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time and experience than I had at my disposal. I shall therefore refer for 
details to the reports already published,* and restrict my observations 
to facts essentially connected with my line of researches-on the age of 
this Lignitic formation as indicated by vegetable remains. 

Golden is on the banks of Olear Creek, at its outlet from a deep canon, 
and in the middle of a narrow valley, shut up on the west by the slopes 
of the primitive rocks and on the east by a high wall, a trap-dike, which 
here follows the same trend as that ·of the mountain at a distance of one 
to one and one-half mile. As it is generally the case along the eastern 
base of the Rocky Mountains, the more recent formations have been 
thrown up and forward, and their edges upraised to a certain degree 
nearest to the uplift, and thus succeeding each other by hog-backs facing 
the mountains, they pass toward the plains in diminished degrees of dip, 
and soon take their original horizontal position. 

At Golden, the Lignitic strata, compressed, as they are, between two walls 
of eruptive rocks, have been forced up on the western side in a ne-arly per
pendicular position, while on the other they w~re thrown up at the same 
time by the basaltic dike, and thus folded or doubled against their faces 
in the same way as the measures of 'the anthracite basin of Pennsyl
vania have been so often compressed in multiple folds between 
the chains of the Alleghany Mountains. In that way the lowest strata 
of .the Lignitic, which are nearly perpendicular, overlie the Upper Cre
taceous strata, which, following the slope of the mountain's plunge, in
clined in a less degree. The line of superposition of both formations is 
seen along a ditch opened for a carial of irrigation, about 200 feet from 
the tunnels made in a bank of clay which underlies the lower lignite
bed, and which is worked for pottery. These upper Cretaceous strata 
are seen in the same position, and exactly of the same nature as at 
Gehrung's: thin beds of soapstone, or laminated clay, with Cretaceous 
fossils, and above them the same kind of Tuten-clay, a few inches thick, 
under the lower sandstone of the Lignitic, which is there covered. The 
surface of the ridge formed by the upthrow is pierced by the edge of 
the perpendicular strata, especially of the hard sandstone, and there 
the characters of the lowest beds are recognized at many places as the 
same as those of the fucoidal sandstone of the Raton Mountains. At 
the cut made across the measures by Olear Creek, the lower sandstone 
appears proportionally thin, 10 to 20 feet. It is a white, soft-grained 
sandstone, hardened by metamorphism, containing, besides remains of 
decotyledonous leaves, some species of finely preserved fucoids; among 
them one species as yet undescribed and not seen elsewhere. In follow
ing the same sandstone to the south it is seen increasing in thickness, 
and near and under the Roe coal, five miles from Golden, it forms a 
high, isolated ridge, at least 200 feet thick, barren of any kind of re
mains, except some fucoids. 

By its compound the alternance of its coarse-gTained and soft-grained 
strata, these being often mere clay or mud beds, its characters appear 
the same as those of the lower Lignitic sandstone of the Raton Mount
ains. It has, too, broken, undeterminable fragments of wood, cyperacere, 
&c. Besides the species of fossil decotyledonous leaves found in the white 
sandstone of Golden, most of them homologous, or even identical with 
some species of the Raton and other localities, it has one of those very 
Tare land-plants which. have been described and recognized in Europe 
as pertaining as yet exclusively to the Eocene.t 

*Dr. F. V. Hayden, Silliman's Journal, March, 1868, pp. 101; Geological Report, 1869, 
JlP• 29 to 37; Notes on Geology, &c., by Dr. Leconte, pp. 47 to 53; on the Tertiary Coal 
of the West, by James T. Hodge, in Hayden's Geological Report,1870, pp. 318 to 329. 

t See description of species for further details. 
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~1y researches at and around Golden have been rewarded by the dis~ 
coveryof the finest and best preserved specimens offossil~leaves that have 
ever been found in this country, with the exception, perhaps, of those of 
Black Butte. They were obtained, 1st. From the hard white sandstone 
under and interlying the beds of coal, the white sandstone hardened 
by metamorphism as described above; 2d. From beds of white clay 
upheaved against the sides of the basaltic dike, a clay bard as silex from 
metamorphism, having mostly remains of palm-leaves; 3d. From three 
miles south of Golden, from a sandstone still upheaved near the tail of 
the dike, but scarcely changed by heat anu easily cut in large pieces. 
These specimens should indicate a difierent degree of hardening by heat, 
accoruing to distance from the granitic mountains on one side, and from 
the basaltic dike on the other. It is remarkable, however, that the lignite 
obtained from the mines at Golden, like this plant-bearing sandstone, 
scarcely bears any trace of the action of heat. 

In following the narrow valley from Golden to ~furphy's coal-beds, 
the same strata worked at both places have been traced all along in a dis
tance of more than five miles. From Murphy's or Ralston Creek, the 
Lignitic is covered ,by debr·is, under which eviuently the same formation 
is hidden, with the same kind of strata. For the lignite is worked 
at Leiden~s, about two miles north of Murphy's, from same nearly 
vertical strata; and five miles farther north, the formation cut by Coal 
Creek exposes still the same Lignitic measures, now tending to their 
natural horizontal position by the disappearance of the basaltic dike. 
Still farther north, in the valley of Boulder· Creek, at Marshall's, 
Wilson's, Brigg's, Erie, &c., the Lignitic exposes, by the number and 
thickness of its veins of coal and of its beds of sandstone, a fullness of 
development remarkable indeed, and scarcely seen elsewhere. From 
Golden to Marshall's I have not obtained any specimens of fossil-plants. 
A careful examination of the numerous beds of sandstone exposed there 
would have demanded much more time than I bad at my disposal. At 
Marshall's, besides specimens of interesting dicotyledonous leaves, I 
found few fucoidal remains, the lower sandstone being there below the 
level of the country. The main coal, by the abundance of large trunks 
of half-carbonized, half-petri:fieu wood, shows a character which is re
marked, too, at the main coal of the Arkansas River on the land of the 
Colorauo Improvement Company. At Erie, the Lignitic is worked as 
at Marshall's, near the level of thecountry, and therefore no sandstone 
is exposed. In the shaly, sandy clay overlying the coal, I found only 
remains of dicotyledonous leaves and palms. 

The continuity of the Lignitic formation is still traced farther north 
by Dr. Hayden, who, in his report of 1869, indicates a bed of coal opened 
and wrought to some extent, twenty miles south of Cheyenne. The 
section of the locality, as given on page 17, positively marks the position 
of this Lignitic as above a massive sandstone 50 feet thick overlying 
Cretaceous No. 5 ; and the same section, too, identifies some of the 
strata with those of Marshall's and of Black Butte by beds or aggrega
tions of oyster-shells, Ostrea S'ltbtrigonalis? curiously represented by 
homologous or identical species at about the same horizon at these 
named localities. I believe that farther north, to Cheyenne, the same 
formations are still present, only hidden by the mass of detritus brought 
over them from the mountains. 

Around Cheyenne the predominant formation is a thick bed or a suc
cession of beds of conglomerate sandstone of the same composition and 
in the same position as the conglomerate of Gchrnng's or of ~fonument 
Park jn Colorado. It here o\·erlies, as at Gehrung's, thick beds of black 
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bituminous clay 15 to 20 feet thick, as exposed to the level of the creek. 
The difference in the compounds of these conglomerate strata is merely 
in the larger size of the pebbles, which at Cheyenne vary from the size 
of a pea to that of .the head, and in the presence of thin beds of fresh
water limestone, resembling tufa, which are seen here and there, of very 
limited extent, similar in composition to the calcareous clay-beds at the 
base of the Green River group. I found in these conglomerates two 
pieces of fossil-bones, the only traces of fossil-remains which I was able 
to recognize in this peculiar formation. Though I cannot positively say 
.as yet if it closes the Lignitic period, and is therefore a member of this 
formation, its peculiar identity of position and of composition is worth 
remarking. A boring of a few hundred feet at Cheyenne would settle 
the question and show if, as I believe it, the Lignitic beds may be found 
there at a depth of 200 to 300 feet. Anyhow, all what we have seen as 
,yet tends to confirm the statement already made by Dr. Hayden in 
1868, (Silliman's Journal,) "that all the lignite Tertiary beds of the West 
are but fragments of one great basin, interrupted here and there by upheaval 
·of mountain chains, or concealed by the deposition of newer formations.'1 

§ 5. CHEYENNE TO CARBON S1'ATION. 

Along the Union Pacific Railroad, from Cheyenne up the Laramie 
Plains, the country has · been explored by Dr. Hayden, who, in his 
report, (1870,) describes the passage from the primitive rocks, and marks 
further upon the plateau the re-appearance of the Cretaceous, its con
tinuity and its limits to the West. A number of specimens sent to me 
in former years for examination, being labeled as from Rock Creek and 
Medicine Bow, I expected· to find, at these localities, at least some 
isolated basins of the Lignitic. This indication was a mistake; for, 
indeed, the Cretaceous strata are continuous along the railroad to four 
miles west of 1\-fedicine Bow, where they are seen abruptly passing under 
thick strata of the Lignitic barren sandstone. Though I did not find 
.any fossil-plants at Rock Creek, my visit there afforded me a good 
opportunity of studying in the country around, the upper groups of the 
Cretaceous, and therefore of remarking at short distances the essential 
differences in the characters of both the upper Cretaceous sandstone 
and the Lignitic sandstone over it Besides, the great quantity ,of 
remains of invertebrate animals, especially abundant in the upper Cre
taceous, all representing deep marine species characteristic of the forma
tion-Ammonites, Scaphytes, and Baculites, &c.-the matter ·itself, a 
kind of sandy calcareous shale, appears at first sight far different from 
that of the fucoidal sandstone. The color of the first js dark-brown or 
yellowish-brown, the texture finer-grained, mixed in some places with 
calcareous infiltrations; the banks, when exposed along the creeks 
or cut by erosion, do not weather in round, concretionary forms. They 
break in large cubic pieces, or separate in shaly layers, forming, by 
disintegration, heaps of broken fossil-shells, of angular fragments 
of rocks and of dust rather than sand. At Medicine Bow, the line of 
connection of both formations is perhaps more difficult to fix than at 
·other localities, the fucoidal sandstone here being mostly barren of 
remains of marine plants. But from its base to its top, in a thickness of 
perhaps 200 feet, it is barren, too, of any remains of-animals, while here 
and there, branches of fucoids appear, as thrown by the wa.ves, being 
generally mixed with fragments of wood and stems of ,.dicotyledonous 
plants. From the cut of the railroa.d west of :Medicine Bow, where this 
.sandstone .is seen overlying the Cretaceous, and where two, fine mineral 
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springs come out from its base, it is continuous to Carbon in repeated 
and deeper undulations, forming basins, which at this place and around, 
contain the upper Lignitic formation with remarkably thick beds of 
combustible mineral. The coal is mined at Carbon Station by a shaft 
descending through the following strata: 

Feet. 
1. Shale, clay, and sandstone, at top . • . . • • . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . • . . • . . • 35 
2. Ferruginous shale, with dicotyledonous leaves . . . . . • . . . . • • . . . . . . . . • . • . . . . . • . • 3 
3. Clay, shale, and sandstone, wi~h the plants at top...... • . • • • . . . . . • . . . . • . . . . . • 18 
4. Coal, (main) ...•.•...••.. ~ . • . . . . • • . • . . • • . . . . • • • . . . . • . . • . . • . . . • • • • • . . . . • • . . • 9 
5. Fire-clay and shale, with dicotyledonous plants . . • • •• . . . . . • . . • • • . . . . . . . . . • • . . 20 
6. Coal • . . • . • . . • • . . . . . • • • . . . • • . . . . • . . . . • • . • . . • • • • . . . . . . . . • . . . . . • • • • . . . • • . . . • . . 4 
7. Fire-clay and shale . . . • . . • . . . . . . . . • . . . . . . . . • . . . . . . • • . . . . . • . . . • . . . . . . . . . . . . . • 8 
8. Coal . . • • . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . • . . . . . . . . . . • . . . . . . . . . • . . • • • 4 

*101 

In following the railroad to about one mile west of Carbon, the upper 
coal is seen exposed in a cut, under a thick layer of compact, gritty 
sandstone, resembling the millstone-grit or the Mahoning sandstone of 
the Carboniferous formations, not only by its composition, but by the 
quantity of pieces of wood or streaks of coal mixed with it at its base. 
The wood is either petrified (not 'Silicified) or transformed into coal, 
forming irregular thin layers which pass into the sandstone in various 
directions, sometimes ascending ,nearly vertically one or two feet high, 
and abruptly disappearing. This bank, too, has in some irregular small 
cavities pebbles of sandstone; even fragments of rolled wood trans
formed into coal, indicating its formation as that of a beach where the 
waves brought with the sand and imbedded into it materials of variom:; 
kinds. Above this sandstone are beds of fire-clay with silicified wood, 
overlaid by thick layers of sandy shale, with fo~sil-leaves of dicotyle
donous species, the whole topped by another th'ick stratum of coarse 
conglomerate sandstone. In the rubbish along the railroad I found one 
specimen of fucoid. I should have liked to examine the country with 
more details, especially in order to compare the distribution and :'the 
composition of this upper conglomerate sandstone with that of the upper 
member of the Lignitic of Colorado, and thus to possibly recognize an 
analogy of formation. But my attention was claimed by the examina
tion of fossil-plants found at Carbon in great quantity, and my whole 
time had to be gvein to their study. These plants are obtained from 
two horizons : No. 2 and No. 5 of the section, separated by 35 to 40 feet 
of measures. 

§ 6. GARBON TO BL.A.CK BUTTE STATION. 

}"~rom Carbon westward the country and its geological characters and 
modifications have been, too, so exactly and minutely described by Dr. 
Hayden in the same report of 1870, pp. 134 to 140, that, besides my 
paleontological researches, I had, in following the railroad to Evanston, 
little else to do but to record by comparison the exactness of the geo
logical facts and descriptions already published. It was the case at 
Rawling,s Station, the first place where I stopped, after passing Carbon, 
to examine what had been indicated to me by :Mr. William Cleburn, civil 
engineer of the railroad, as "peculiar rocks, containing an immense 
quantity of fucoids," which, from description, I supposed might indicate 

* For the communication of tllis section and other valuable information, my thanks 
are given to Mr. J. Williams, the able superintendent of the Carbon mines. 
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perhaps the presence of the Lignitic at that locality. These rocks, a kind 
of siliceous, reddish-brown sandstone, hardened by metamorphism, are 
exposed in a thickness of 200 to 300 feet in bluffs on both sides of the 
railroad, half a mile west of the station. They overlie the upturned 
edges of granitic rocks, which come to the surface one mile farther north, 
and, indeed, they contain an immense abundance and variety of fucoids, 
without any traces of animal remains. I have never seen plants of this 
kind filling rocks in such quantity, except in some ferruginous shale of 
the Devonian of Ohio, or in _some groups of the Silurian of New York 
and Pennsylvania, the Trenton and the Clinton groups. 

These marine plants belong to types far different from those of the 
fucoids of the Tertiary. This is immediately recognized, especially in 
their large size, as remarkable as the quantity of their remains. Some 
branches or trunks measure more than half a foot in diameter, while 
their ramifications, filling the rocks and crossing the layers in every di
rection, cover large surfaces by a confused mass of filaments. They look 
like heaps of sea-weed crushed, flattened, and petrified :a,t the same 
time. The large-sized trunks of these plants are generally found near 
the base of the formation, or in close proximity to the granite rocks, 
while at a higher level the shales are mostly covered with small spe
cies, perhaps mere branches of the large ones. Some of these, as far 
as they can be recognized, are referable to Chondrites antiquus, Sternb; 
Buthotrephis succ'u.losus and B. jfexuosus, Hall, all species of the Silurian. 
But, as said above, they are mixed in such a way that the ascertaining 
of their specific characters would demand much time for a careful 
study, which can be made only in place, small broken specimens being 
useless for that purpose. But if even I had been able to determine 
specifically a number of these plants, our acquaintance with the fucoids 
of the old formations is as yet too limited to afford reliable points of 
comparison, and therefore it would not be possible to refer those of 
Rawlings to a peculiar division of the Silurian. That they belong to the 
Silurian epoch is all that can be ascertained, and thus the opinion of 
Dr. Hayden on the age of these fucoidal rocks is corroborated by 
paleontological evidence. 

The ~arne kind of fucoidal remains are seen also, b~1t far less abun
dant, in the red rocks overlying the primitive formations in Colorado; 
as, for example, in passing up Glen Eyrie from what is called the Gar
den of the Gods. These plants may be remarked in the fragments 
strewn along the borders of the run. The formation is evidently older 
than that of the upturned red rocks which form the inclosure and the 
monuments of the garden. In these I did not find any fossil remains of 
any kind at this locality; but near Canon City, from the upturned 
ridge of red and white sandstone from under which the soda-springs 
gurgle out, and which, from their position, are referable to the same 
formation, I obtained a few fruits of the genus Trigonocarpum. With 
some rare fragments of Calamites, recognized too in these rocks, they 
would indicate their age as true Carboniferous or Lower Permian. In 
crossing this ridge along Oil Creek, east of Canon City, the underlying 
strata from which the bitumen there percolates, mixed with the water, 
are mostly beds of black shale, which appear referable to the Devonian, 
at least from the analogy of their compound and color. I do not know 
th~t any ~ind of .fossil has been re!llarked i~ conn~ction with them, and 
th1s, too, IS a pomt of analogy with our 01l-bearmg Devonian black 
shales, so extensively developed from Arkansas to Pennsylvania. and rec
ognized everywhere by their geological position and the large propor-
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tion of bitumen which they contain, though mostly barren of fossil re
mains. 

From Rawlings, still on the line of the Union Pacific Railroad, the 
Lignitic formation soon comes up, bordering the belt of the Cretaceous 
which passes southward, and at Separation, ten miles west, a bed of 
coal, reported 11 feet thick, has been opened and then abandoned for a 
time on account of the difficulty of mining it, and of its distance from 
the railroad. At Creston, fourteen miles farther west, no coal has been 
found exposed, but a bed of lignite has been passed by a boring at 83 
feet from the surface. The coal is reported 4 feet thick and of good 
quality. Here the strata are nearly horizontal, and it is probably the 
same bed which thirteen miles farther west, at Washakie Station, is 
indicated by a boring as being 3~ feet thick at 120 feet from the surface. 
As Washakie Station is 333 feet lower than Creston, this difference, with 
that of the distance from the surface to the coal, would indicate a dip 
to the west of about 30 feet per mile. The records of this last boring, 
which I owe to the kindness of Mr. John Denover, st~tion-agent, further 
indicate a stratum of red paint 20 inches thick at 180 feet, and then a 
succession of beds of soapstone alternating with beds of white sand
stone to 675 feet, where water was obtained. The beds here called 
soapstone did offer to the bore as much resistance as, if not more than, 
white sandstone. Though no positive evidence can be drawn from these 
records, it appears, however, that the thick formation of white sand
stone, interlaid by beds of hard clay-shale, represents the sandstone 
formation of the Lower Lignitic. Generally springs, mostly of mineral 
water, flow out at its base, near its line of superposition to the compact 
and impermeable clay-beds and black shale of the Upper Cretaceous.* 

§ 7. BLACK BUTTE TO ROCK SPRING. 

In fbllowiug the railroad from Black Butte westward, the Lignitic 
formation, already seen at the surface of the country from below Bitter 
Creek Station, forms an irregularly broken ridge, whose general dip 
to\vard the east is varied by low undulations. In that way the measures 
slowly ascend to Point of Rocks, where they overlie the black shale of 
the Cretaceous No. 4, there constituting the axis of an anticlinal, which 
is cut, below Point of Rocks, by tlile meanders of Bitter Creek. The 
counterface of the axis appears westward in corresponding strata after 
passing Saltwell Valley, and hence the dip to the west brings to the 
surface the upper strata of the Lignitic at Rock Spring. The section of 
the measures is perfectly clear and exposed in its whole length. At 
Point of Rocks, and near the highest part of the anticlinal axis, the 
Cretaceous strata are exposed 80 feet in thickness, immediately and 
conformably overlaid by 185 feet of the Lignitic sandstone which from 
its base bears fucoidal remains. It has moreover the composition, mode 
of disintegrations, &c., remarked already in the same formations at the 
Raton. East of the station, 25 feet above the base of this sandstone, 
there is a bed of coal 8 feet thick. Farther east, at Hall ville, a Lignitic 
bed, overlaid by shales where are imbedded a qtiantity of fossil-shells, 
is worked near the level of the valley at a short distance from the rail
road. At Black Buttes a bed of lignite is worked, too, above the Eocene 
sandstone, as indicated by the following section taken froTL the railroad, 
half a mile east of the station : 

""~or further details on the geology of that barren and wild country, see Dr. F. V. 
Hayden's Report, 1870, pp. 139, 140 
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From base upward: 
Ft. In. 

1. White sandstone concretionary, weathering in cavities, with abundance 
of fucoids. ________ ............• _ ... _ .•.. __ .. __ .. __ .. __ ........ _ ..... . 118 0 

2. Shale and :fire-clay ...... -.•••...•..•....•.•....... - ........... - ........ . 16 0 
3. Coal. . • . . . . . . . . • . . • . . . . . . • . • . • • • • . • . . . . . • • . • . • . • . . . . ..........•..••..• 4 0 
~- Black, soft laminated shale ...••...•.•••...•..•....•...........•.•.. _. _. 10 0 
5. Pire-clay, gray a.nd chocolate colored _ ....•.•.•........••.....•... _ .• __ 5 0 
6. Coal, (main) .... _ •... __ ..•. _____ . _ .. _ ... _ •..... __ . _ .. _ ...••.•.•... ____ . 8 0 
7. Argillaceous and sandy yellowish shale, with a quantity of dicotyled-

onous leaves ..•.•.•••.••....•.•..•.•••••••••.•..••••.....•........•... 10 9 
8. Coal-streak ........•.....•.••••••..•••••..•...••.....•.•.•..•....•.. __ • 0 3 
9. Argillaceous shale and clay ..••.....•.•....••.. _ .•....••.••... _ ..••. _ ... 7 0 

10. Shaly sandstone, often ferruginous_ .................... __ ..•..•........ 10 0 

Above this, and on the other side of the hills toward the station, the 
sandstone with the characters indicated for No.1 of the section, ascends 
to the level of this section, does not contain any coal, and is overlaid 
still by about 50 feet of measures, mostly shale clay-beds, with fossil
shells mixed with plants. There is, too, a stratum of ashes or baked 
clay, where bones of a Saurian, shells, dicotyledonous and Saballeaves 
are mixedinaconfused mass.* Though the bestpartsofthe Saurian had 
been taken out already, I got some specimens bearing on the same 
pieces, fragments of bones, shells, and fossil-leaves: About at the same 
level, and a few hundred yards northwest, the top hills are composed 
of 'baked red shale, where specimens of dicotyledonous leaves and 
small shells are also found mixed together. In the strata marked 
on the section, other kinds of remains, too, have to be mentioned. The 
sandstone No. 1 of the aboYe section has fucoidal remains beautifully 
preserved. One specimen of Balimenetes is seen in an erect position 
unfolding its branches about 10 feet high, with a stem more than 1 inch 
wide, as clearly defined upon the vertical face of the sandstone as if 
painted there by hand. It is upon a large detached block quite near 
the mine on the side of the railroad. The sandstone itself, full of round 
concretions varying from the size of an egg to that of the bead, is 
molded and dug by weathering in still m,n·e diYersified and remarkable 
forms than the same sandstone at the Raton Mountains. t In the hills 
facing the depot, its walls are dug into a multitude of niches of every 
size and form, which the children of the station use a~ store-rooms for 
play, and where they expose, as in cabinets or shops, the various and 
curiously molded concretions found around in the sand. And above the 
main coal, too, the shale of the stratum marked No.7 of the section 
has the best-preserved specimens of fossil-leaves found as yet in the 
Tertiary formations of ours, and this in profusion. Indeed the whole 
country at and around Black Butte offers rich mines of interesting and 
valuable materials for the study of the geologist and paleontologist. 

At Rock Spring, as said above, the upper strata of the same forma
tion come to the surface, and there a splendid bed of lignite 8 to 9 feet 
thick has been worked for a long time, from just above thick banks of 
white fucoidal sandstone. In this sandstone the remains of marine 
pla~nts are as numerous as at Black Buttes, and as well preserved~ too. 
This sandstone, from the section given below, is, with its alternate beds 
of hardened clay shale, about 100 feet thick. Most of its strata are 

*A large Dinosaurian discovered by Professor B. F. Meek, and dng out in pieces by 
Professor E. D. Cope. American Journal of Science and Arts, December, 1872, p. 489. 

t For more details on this sandstone, on the geological direction of the strata, on the 
distribution of coal-beds, &c., from Black Buttes to Rock Springs, see Dr. F. V. Hay-
den's Report, 1870, pp. 140-142. . 
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exposed in the hills southeast of the station. Some of them have a few 
fossil uicotyledonous leaves. They overlie the bed of coal marked 4 
feet in the section, the Van Dyke bed, which is opened and worked near 
the railroad, two miles east of Rock Springs. 

When I passed Rock Spring a boring for an artesian well was still 
in progress and had already reached 1,180 feet. Mr. Frank F. Phelps, 
to whom I am indebted for many kind offices and valuable information, 
gave me the following records of this boring. Though the nature of the 
strata separating coal-beds is not marked, some interesting deductions 
may be furnished to discussion by the succession of the measures. 

At 7 feet from surface, after passing sandy soil and black shale: 
Ft. In. 

1. Main coal • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 8 0 
At 117 feet, after beds of hard sandstone, shaly sandstone, and soapstone, 

intercalated: 
2. Coal worked two miles east . . . . . . . • . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . .. . . . . .. 4 (). 
3. At 149 feet, coal......................................................... 3 4 
4. At 268 feet, coal . . . . • . . . . . . . . . • . . . . . . . . . . . . . . • • • . . . . . . . . • . • . . • • . . . . . . . . . . 5 5 
5. At 324 feet, coal . . . • . . . . . . • . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 3 () 
6. At 353 feet, coal ......... ~.. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
7. At 377 feet, coal . . . . . . . . . . . . . . . . • . . . • . . . • . . . . . . . . . . . . . .. . . . . . . • . . . . . . . . . . 2 1 
8. At 420 feet, coal . . . . . . . . . • • . . . . . . . . . . . . • . . . • . . • . . . . • . . . . . . . . . . . . . . . . . . . . . 3 0 
9. At 447 feet, coal ...... --~--·............................................. 1 8 

10. At 476 feet, coal......................................................... 2 v 
11. At 485 feet, coal . . . . . . . . . . . . . . • • • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 
12. At 577 feet, coal • . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
13. At 606 feet, coal....................................................... ... 3 0 
14. At 640 feet, coal . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 
15. At 668 feet, coal . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 
16. At 728 feet, coal . . • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 2 0 

Between all these coal-banks the strata passed through were constantly 
soapstone and sandstone; the soapstone looking like blue fire-clay, but 
more difficult to pass with the bore than the sandstone. From 780 to 
1,180 feet, the depth reached when I was there, the strata are merely 
white sandstone, alternating with shale. 

This record seems to show an extraordinary or abnormal development 
of lignite-strata. We have here sixteen beds of this coal, measuring in 
the whole 48 feet in thickness, in little more 700 feet of measures. This, 
however, is not different from what has been seen elsewhere a.lready, in 
some exposures of the upper Lignitic formations. The section at Mar
shall's, as published in Dr. F. V. Hayden's Report, (1$69,) pp. 29 and 
30, marks eleven beds of lignite, which, taken all together, measure 63 
feet, and this in less than 600 feet, of strata, overlying the lower sand
stone and exposed above surface. There is merely at Rock Springs au 
increased thickness of the sandstone-beds, which is normal, and is easily 
understood in considering the mode and development of the Lignitic 
formation. 

From Rock Springs to the base of the hills north of the station, six 
to seven miles distant, the bottom of the valley is nearly flat, bordered 
by low ridges of shaly sandstone, passing to mere hillocks, and then to 
sand and clay detritus from the northern, hills which oYer lie here the Lig
nitic. They belong to the Green River Group of Hayden, and appear in
deed to form a distinct, well-characterized division of the Tertiary. .l\Iy 
purpose in visiting these bills was :first to see a remarkable stratum, 
mere compound of shells glued· together by ferruginous and calcareous 
clay, the whole mass mostly silicified. These molluscs, generally 
small, appear fresh-water species, and of more recent types than those 
which I had found in the black shale over the main coal of Rock Springs. 
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But I was especially anxious to ascertain if the conglomerate formation, 
remarked at the other localities, had here left some traces as indication 
of its superposition to the upper Lignitic strata. Nothing like it is seen 
either at the top of the hillocks or in the broad bottoms of the valley in 
crossing it northward in a direct line from Rock Springs. Near this 
station only, the top sandstone is, here and there, strewn with loose 
pieces of silicified and finely opalized wood ; but I have seen no pebbles 
with them. This exploration, however, was too rapid and superficial 
to afford positive evidence. It should be repeated under more favor
able circumstances, and pursued in different directions, especial1y toward 
the upper end of the valley. 

§ 8. GREEN RIVER STA'l'ION. 

All that can be said in a general way on the succession and the com
pounds of the strata of the Green River group is already published in 
the reports. As I shall have, however, to remark upon the composition 
of the numerous beds of bituminous shale of this formation in exam
ining the value of the combustible mineral of the Lignitic, and also to 
consider the relation of the fossil-plants which have been found in some 
of its strata, it is convenient to have for future reference a detailed sec
tion of the measures. The following is taken from near Green River 
Station, where the succession of strata is clearly seen and exposed in a 
comparatively great thickness. This section is from top of Pilot Hill 
downward. 

Feet. 
1. Hard, red ferruginous sandstone in layers.... • . . . . . . . . . . . . . • . . . . • . .. .. .. . . . . 50 
2. Sbaly, reudish, laminated argillaceous sandstone, with abundant remains of 

fishes . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 55 
3. Black bituminous calcareous shale...... . .. • .. . . . . .. . .. • .. . • .. • . • . .. .. .. .. . . 7 
4. Red shaly sandstone....................................................... 5 
5. Black bituminous shale, with remains of fishes.... . .. • .. . .. . .. . .. • . . . • .. .. .. 5 
6. Hard, shaly, argillaceous sandstone........................................ 7 
7. Black bituminous shale in bank............................................ 25 
8. Calcareous thin beds of shale and black bituminous layers alternating...... . 70 
9. Soft, white, calcareous shale................................................ 5 

10. Hard, white, calcareous shale.............................................. 5 
11. Bituminous shale and remains of fishes..................................... 5 
12. White, soft, calcareous shale.. .. • . .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. . . • . .. 15 
13. Shaly yellow sandstone. . • .. .. .. .. .. .. .. .. .. . . . .. .. . .. . . . .. .. .. . .. • .. . . .. .. 13 
14. Clay shale, topped by half a foot of bituminous shale....................... 20 
15. White calcareous shale, interlaid by green sand • . • . . . . • . . . . . . . . . . . . . . . • . . . . . 72 
16. Bituminous black shale.... .. .. .. .. .. . • .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. 2 
17. Argillaceous shale . . . . . . . . . . • . . . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
18. Sandstone shale........................................................... 15 
19. Soft, laminated clay shale.. .. .. . . . . .. .. .. .. . . .. .. .. .. .. . . .. .. . .. • .. . . .. .. .. 17 
20. Shaly sandstone .. .... .... ...• ...• .... .... ... .•• .•.. .... .. .... .... .... .. .. 5 
21. Soft calcareous shale..... . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . • . . • . . . . . . . . . . . . . . . 20 
22. Harder laminated shale, mixed beds...... . . . . . . . . . . . . . • . • . • • . . . • . . . . . . . . . • . 22 
23. Hard calcareous rock .......... :. . . . . . . . . . . • . . . . . . . . • • • • • . . • . • • . . . . . . . . . . . . 5 
24. Soft shale and white clay.................................................. 25 
25. Covered space to bed of river.............................................. 45 

548 

This section indicates a thickness of about 40 feet of bituminous 
matter distributed in thin beds, besides the 70 feet thick bed No.8, com
posed of alternate layers of calcareous and bituminous shales. All 
these shales are more or less impregnated by bitumen, and sometimes 
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so much charged with it that it percolates through rocks of sandstone 
under them. As atmospheric action vaporizes and dissolves the bitumen, 
the exposed faces of the strata are generally whitish, and do not show on 
the outside the appearance of their composition. But when cut into a few 
feet deep, the shale are found as bard and as black as cannel-coal, breaking 
in even fracture without marks of lamination. This has caused a great 
deal of useless researches, borings, and tunnelings, from unreliable re
ports on the presence of true coal at "Various localities around Green River 
Station. From my own exploration of these formations, I am satisfied 
that they do not have any bed of true lignite. The shales are, however, 
valuable, and may yield by distillation an amount of bitumen large 
enough to be remunerative, when this matter becomes available to some 
purpose in the distant localities where it is found. This bitumen ap
pears to be essentially the result of the decomposition of animal matter. 
I have looked in vain in the shales for remains of vegetables. In the 
lowest stratum only, No. 16 of the section, I have found an obscure im
pression resembling a leaf of grass or a narrow flattened stem, rather 
referable to some fresh-water plant than to a marine "Vegetable. From 
the thinness of the strata of the Green Uiver group, their extreme 
diversity, their multiplication, and their compounds, they seem to be 
the result of deposits in shallow lakes where materials were originated 
and mixed. These lakes were inhabited by a prodigious quantity of 
fishes, which, destroyed at repeated periods by drought, have partly fur
nished the bitumen to the shales where their skeletons are preserved. 
Whenever I had time to search forthem,Ihavescarcelyfailed to :find traces 
of fish-remains in the numerous beds of bituminous shale which I have 
examined. It is probably to the periodical drain or desiccation of these 
lakes, to repeated variations of level in these fresh-water basins, that is 
due the absence of beds of lignite; these changes having prevented the 
heaping, preservation, and slow maceration of vegetables, which are ob
tainable only under the permanent influence of water. The alternations 
of submersion and drougth, on the contrary, cause a total decomposition 
of vegetable remains resulting in the formation of mud and clay. Even ani
mal remains, especially small mollusks, are affected and soon destroyed 
under the same influence. The records attest that in Denmark, some 
shallow lakes have been thus filled in four years with two feet of cal
careous clay by the decomposition of Oharaceae and thin-shelled Oyclas 
and Physas. Fossil dicotyledonous leaves have been found in yellow clay 
shales, near Green River Station, and have been already described. As 
yet, remains of this kind appear very rare in this formation. 

§ 9. EVANSTON. 

A good description, with fine sections of the lignite-beds of this lo
cality, has been given by 1\ir. A. C. Peale, in Dr. F. V. Hayden's last 
report, (1871,) p. 194. I have nothing to add to the observations most 
carefully made and to the details given on this remarkable deposit of 
combustible mineral, but wish only to make a few remarks on the dis
tribution of the strata overlying the lignite-beds, especially in regard 
to the conglomerate formation which tops the hills. The sections of 
Mr. Peale go to the top of the upper coal-bed. From this, in ascending 
order, the following strata are exposed in the hill above the works of the 
Wyoming Coal Company: 

22 G S 
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Feet. 
1. Argillaceous shale, with ferruginous concretions- ....................... _. . 96 
2. Shaly sandstone, sometimes in banks and very hard, with fossil dicotyledo-

nous leaves.-----·.................................................... 11 
3. Alternating beds of shale and shaly sandstone . . . . • . . . . . .. . . .. .. . . . . . • .. . . 106 
4. Sandstone in bahk .............. - ............. -.... . . . • . . . . . . . . . . . . • . . . . • 11 
5. Shale and clay banks, mostly clay-covered ......................... " .. . . .. 145 
6. Bituminous clay...... . . . . . . . • . . . . . • . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 10 
7. Conglomerate, lower bank.... .. .. . . . . .. .. . • . . . . .. . • .. .. . . . . .. . . .. • • • • .. . . 27 
8. Fine-grained sandstone, with thin layers of coarse-grained sandstone . . . . . . . 32 
9. Conglomerate, topped with coarse sandstone.............. .. . ... .... .. .. .. 37 

10. Hard, yellow, :fine-grained micaceous sandstone.... . . . . . • . . • • • • . . . . . . . . . . . . 32 
11. Conglomerate to top .................................................. _._ 40 

547 

In these 54 7 feet of measures above the coal, the upper part, mostly 
conglomerate strata alternating with sandstone, is 168 feet. . Comparing 
this section to that of Colorado Springs, above the Gehrung coal, 
where the same kind of conglomerate tops the Lignitic formation, we 
cannot but find a remarkable analogy, not to say identity, between 
both. At Colorado the conglomerate, as should be expected from 
the greater distance to the point where the materials have originated, 
is composed of smaller pebbles. The thickness of the same measures is, 
too, reduced by erosion. But the relation and alternance of the strata 
is similar. The same can be said of the Upper Lignitic of Canon City 
and of other localities reported by Dr. Hayden. From this, and also from 
the conformability of these conglomerate beds with those of the Lignitic 
which they overlie, I am disposed to consider them as of the same age 
and as marking the close of the Lignitic group. The conformability of 
the strata is especially remarkable at Evanston, and easily recognized 
along the hills facing the river, cut nearly vertically and sloping northeast 
by a dip of about 10°. If, as it has been supposed, this conglomerate forma
tion was more recent and had covered Tertiary strata of different 
groups, this alternance of conglomerate with sandstone strata, in per
fect concordance to the soft bituminous clay-beds which they overlie, is 
unexplainable. Further evidence, however, will be afforded on this 
important question. The amount of materials brought up for this forma
tion is beyond computation. They not only form the essential com
pounds of hills over wide areas, but their debris covers the plains for 
hundreds of miles around the nuclei which now stand as mere dwindled 
monuments of a wide-spread, as yet inexplicable agency. The pebbles 
composing the conglomerate of Evanston vary in size from that of a · 
pea to that of the head ; the most common are as large as the fist. 
They are all rounded, without exception true pebbles, as if they had 
been rolled by water for a long time. As at· the other places where they 
have been remarked, they are of the same materials as those which 
now compose the mountain-ridges of the vicinity, and are glued together 
by a kind of calcareous cement, hardened locally by ferruginous infiltra
tions. 

Dicotyledonous fossil-plants are found in quantity in a bituminous 
shale overlying the upper coal of Evanston, and, too, in the sand
stones marked on the sections Nos. 2, 3, 4. This sandstone is bard and 
compact enough at some places to afford good building-materials. On 
one of the blocks used for construction at the mines I saw a well-pre
served leaf of a Populus, larger than any as yet found of t}lis genus, in 
a fossil state. It measured more than 6 inches in length without the 
petiole. In the shale above the coal, the leaves are crowded, heaped upon 
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another, am though well preserved by a thin incrustation of coal upon 
their surface, they are rarely isolated, and their nervation, too, being 
scarcely distinct, their determination is difficult and somewhat uncer
tain. I did not find at Evanston any fucoidal remains. The specimens 
obtained by Dr. Peale, however, l1ave, in a hard, gray sanustone, two 
branches of a fncoid, (Halimenites major,) labeled from that locality. 

§ 10. COALVILLE, UTAH. 

This place is known to me only from descriptions given by Dr. Hayden, 
Mr. Hodge, and other explorers. No fossil remains of land-plants have 
as yet been obtained from strata in connection with the Lignitic beds. 
Judging from the relative disposition of the coal-beds, their thiokness 
and their chemical compounds,* I· have been dispo::;;ed to consider 
them as equivalent to those of E\"anston. Professor B. F. l\1eek's ob
servations, however, as published in this report, indicate for the geology 
of Coalville a series of Lignitic strata with intermediate beds, clay and 
saadstone, bearing remains of evidently Cretaceous animal species, there
fore tending to refer the whole series to Cretaceous. Except the fucoid 
species, abundantly found at Coalville by the same observer, we have no 
botanical evidence to bear upon the question of the age of tllese strata. I 
believe, nevertheless, that this case is of the same nature as that of Black 
Butte, where Cretaceous animal fossils are found hundreds of feet higher 
in the measures than thick be<ls of lignite~ immediately overlaid by shale
bearing remains of plants posi ti\~ely of Tertiary age. Facts of this 
kind have to be judged from a general point of view, in considering the 
evidence of general relation. For, indeed, in a formation like the Lig
nitic, which may be called a formation of transition, the evidence 
given by vegetable and animal paleontology, or by land and marine 
remains, can but disagree sometimes. 

TilE WESTERN LIGNITIC FOIC.\IATION CO~SIDERED AS EOCENE. 

Dr. Hayden in his reports has constantly alluded to the Lignitic group, 
especially to the barren sandstone underlying it, as to beds of passage 
or of transition between the Cretaceous and. the Tertiary, often men
tioning them as Eocene. No formation is exclusively limited in its char
acters, at least not in those which are supplied. by fossil remains. On 
this account, every geological division migllt be considered as beiug a 
transition, and this is especially the case for the strata intermediate be
tween a marine and a land formation; as, for example, in the Carbon
iferous epoch, to which our Lignitic has so many points of similarity. 
Devonian animal fossils ascend to the Subcarbouiferous, or even to 
the true Carboniferous measures, wbicL have also species of in-v-erte
brate animals characteristic of the Permian; and tLe plants which have 
entered 'into the composition of the coal are found already, some of 
them at least, in the Middle Devonian, tbe Hamilton period; wbile the 
most common species of ferns, even of Sigillaria of the Carboniferous, 
have left traces of their pre:sence high up in the Permian. The same 
might be remarked on every other artificial group, ·which geologists 
have to fix for convenience and better understanding. The discussion, 
therefore, on the age of the formation called Eocene, and now under con
sideration, should not admit as evidence isolated facts in contradictiop. 
to the· persistence of general characters observed over wide areas, 
in great thickness of strata, and which give to the whole a kind of 

-It Mr. Hodge's paper· in Dr. I-Ia~·den's Report, 1870, p. 321. 
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homogeneity in correlation with the forces which have, at the same 
time, modified the surface of our earth. The Upper Cretaceous, from 
indications of the remains of a deep marine fauna, is positively char
acterized as a deep marine formation. Immediately over it, the sand
stone shows in its remains the result of the upheaval of a wide sur
face, exposed to shallow marine action, as indicated by fucoidal life. 
The upheaval continuing, this area is brought out of marine influence 
to be exposed to that of the atmosphere. It is a new land, cut in basins 
of various size, where fresh water is by and by substituted to brine, 
where vegetable life of another character appears, where swamps are 
filling with clay by floating plants, where peat-bogs in their growth 
form deposits of combustible matter, &c. To suppose that the marine 
action is totally banished from such a land would demand the absurd 
admission of an absolutely fiat surface. Of course estuaries penetrate 
into it at many places ; their waters feeding marine species, brackish 
shells ; their bayous inhabited by Saurians, and their remains are 
mixed with leaves of the trees growing on the borders and preserved 
together in a fossil state, without impairing the true character of the 
formation by what paleontology considers as types of different ages. 
The surface of the Eocene sandstone, before its separation from marine 
influence, was of course uneven. This sandstone has therefore the gen
eral characters of the Eocene, while in some troughs, Cretaceous species, 
still living in deep water, may have left their remains in the sand. 
Even if these remains were numerous, their presence does not change 
the age of the formation. But on this subject, and in comparing our 
Eocene sandstone to the other groups established by geology, we find, 
in its abrupt and permanent separation from the Cretaceous, its litho
logical compounds, its total barrenness from animal remains, at least 
generally, and the homogeneity of its flora, reliable and constant char
acte:rs better defined than in auy geological division admitted by science. 
This sandstone formation is inexplicable. It can be compared to noth
ing but to the millstone-grit of the Carboniferous epoch. How to 
explain why, at once, animal life seems to disappear from the bottom 
of the sea, to be superseded by marine vegetation~ May this change 
have been caused, perhaps, by a rapid increase of temperature of the 
water brought up by the force acting to the upraising of the bottom 
into laud, and afterward into chains of mountains~ 

Though it may be this change is evident and proves the geological 
discrimination of the Eocene sandstone from the Cretaceous, a separation 
the more remarkable that, from numerous observations, this sandstone is 
reported constantly conformable to the Upper Cretaceous beds. As Dr. 
Hayden remarks in his description of the Lignitic group of Nebraska,* 
"When we bear in mind the fact that wherever this formation has been 
seen in contact with the latest Cretaceous beds, the two have been 
found to be conformable, however great the upheavals and distortions 
may be, while at the junction there seems to be a complete mingling of 
Hediments, one is strongly impressed with the probability that no :Im
portant member of either system is wanting between them." 

This intimate connection of two sandstones of different ages appears 
to be of frequent occurrence along the Pacific shores, and to have caused 
some difference of opinion, and some confusion too, in reference to the 
age of these strata. Professor Gab, in a very valuable paleontological 
document, published in vol. 3 of the Proceedings of the California 

* Geological report on the explorations of the Yellowstone and Missouri Rivers, 1859 
and 1860, p. · 30. 
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Academy, page 305, remarks, on the lower sandstone," that it has often 
been considered as Eocene, but that it is proved to be of Cretaceous age 
by tbe large number of Cretaceous species which it contains, these 
already resembling Tertiary types." He adds, however, that these Upper 
Cretaceous strata are '' et,erywhere overlaid by an immense deposit of non
fossiliferous scmdstone." It is this last non-fossiliferous sandstone which 
belongs to tile Eocene. It has in California the same characters which 
mark it on the eastern side of the Rocky JVIountains. Professor Gab bas 
found fucoidal remains in it. It has been seen all over California at the 
base of the Coast Range, and I believe that the lignite-beds fro::n Oregon 
southward, even from Vancouver's Island, will be recognized in the 
Eocene, formed as at other localities, either near the base or within or 
above the sandstone.* The objections against the Tertiary age of the 
Lignitic are partly answered by these remarks. They have, however, to 
be considered in detail. 

To my knowledge only two specimens of Cretaceous fossil have been 
as yet found in the Eocene sandstone of the ·Rocky 1\rlountains and in 
strata overlying it, south of Golden. One specimen of badly preserved 
Inocerctrnus was seen at or near the base of the Eocene sandstone, by 
Dr. F. V. Hayden, and still another badly preserved specimen of the 
same genus was found by Dr. John Leconte in a bed of sandstone, over
lying the Lignitic beds of the Raton. It is useless to argue on the 
chances which may have brought these remains at the places where 
they have been found. These cases are exceptional and unimportant. 
Large companies of explorers ha-ve passed the same localities without 
discovering any other marine fossil mollusk in these strata, and I have 
myself carefully searched the indicated stations with the same result. 
It is otherwise, however, with the beds of oyster and other shells 
l'emarked in great abundance from Rock Springs to Black Butte, where, 
too, the bones of a large Dinosaurian were found mixed with fossil-shells 
and dicotyledonous leaves, and which have served as authority to 
many geologists for their opinion on the Cretaceous age of the strata.t 
The opinion of Professor 1\Ieek on this subject is especially to be con
sidered, as he has not only given much time and care to the determina
tion of the fossil-shells, and has himself visited the localities, but is so 
cautious and careful in coming to his conclusions that they merit full 
confidence. Now, in a letter on this subject, the celebrated professor 
remarks: "Looking on these invertebrate remains alone and aside of all 
other facts, I could scarcely doubt from their affinities that they are 
Eocene-Lower Eocene. You see there are none of the characteristic 
Cretaceous genera of mollusks among them-no Inoceramus, uo Ammon
ites, no Scaphites, no Baculites, not a trace of any of the long list of 
Cretaceous or older genera, which might be mentioned, while a majority 
of the forms are most nearly allied to the Eocene types, specifically." 
Against this evidence Professor 1\Ieek remarks on the relation of shells 
of the same kind found at Coalville aud at Bear Hiver, below evident 
Cretaceous species. 

*In a late paper, Professor Dawson, of Montreal, considers the fossil plants of Van
couver's Island as Tertiary. I already came to the same conclusion after the examina
tion of the fossil plants of Dr. T. Evans, as published in American Journal of Science 
and Arts, vol. XXVII, May, 1~59, page 362. This opinion was controverted afterward 
by Dr. Newberry, who referred the Lignitic formation of Vancouver to the Cretaceous, 
on account of the presence of Cretaceous fossil animal remains in strata above the 
coal. My remarks on Blockbutte, Coalville, &c., are apparently applicable to Van
couver also. 

tAmerican Journal of Science and Arts, December, 1872, p. 489. 
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To my opinion, this fact is of great weight in discussing the question 
of the age of these formations. For the presence of deep marine species 
in strata overlying remains of more recent ones indicates a local sub
sidence which should be considered as an exceptional case, unimportant 
indeed in comparison to the persistence of general characters. Beds of 
lignite of Eocene age may have been formed at a higher level or before 
this supposed local subsidence. And, of course, as resulting from it and 
from a subsequent upheaval, fucoidal remains mixed with Cretaceou~ 
shells; and Cretaceous saurian bones, too, with brackish mollusks an6. 
dicotyledonous leaves of the Eocene, would be in a position, if not ex
actly normal, at least easily explainable. 

Professor F. B. Meek's letter furnishes another point of evillence on 
the same question, in his remarks on a peculiar species of plant whicli 
he descril>es, and of which he sent me numerous specimens. It is that 
fucoidal plant, Halimenites, which has been mentioned already as one of 
the essential characteristic species of the Eocene. He writes that he 
found it at Coalville, at least 1,000 feet below well-marked Cretaceous 
beds; that it ranges also through most of the Cretaceous beds of Bear 
River, and through the whole of the Bitter Creek series, nea,rly up to the 
Black Butte bone-level; that he saw it tooat Carbon and in the Creta
ceous beds of Fort Steele. The range of this species is indeed from the 
base of the Lignitic to its upper strata, those of Carbon and of Evans
ton, and, therefore, we have at Bear Creek and Coalville shallow marine 
plants and lignite-beds under Cretaceous remains. These last character
istic documents, or the remains of Cretaceous age, are local, merely in 
isolated patches; the others are recognized over the whole extent and 
the whole thickness of the Lignitic formations. The question is, there
fore, reduced to this: Shall we admit as Cretaceous all these land forma
tions bearing from top to bottom evident Eocene characters, on account 
of some isolated Cretaceous deposits locally spread over them ; or shall 
we consider the whole as presenting general characters positive enough 
to force its separation into a new group and call it Eocene~ In this case 
we should have to consider the abnormal disposition of Cretaceous re
mains as resulting from local disturbances which are observable every
where in this central basin, ·both by repeated undulations, pierced here 
and there by eruptive rocks, bearing irrevocable marks of the diversified 
action of the forces 'which have modified its surface. 

As I have not visited the localities, Bear River and Coal Creek, where 
the abnormal distribution of the strata has been remarked, the above 
arguments may be considered objectionable. But how can we dispose 
of an evidence, forced by comparison between our Eocene strata and 
those of the Carboniferous epoch, where, as remarked before, we recognize 
facts similar to those now under discussion ~ We do not and cannot call 
the coal measures either Devonian or Permian, on account of some fossils 
mixed in their strata, and identical to species of these different formations. 
Would it be rational to admit that the Eocene shells and Eocene plants 
under the strata bearing Cretaceous fossil-remains may be so·called 
Eocene colonies, decended into the Cretaceous, that the lignite-beds 
underlying them represent an escaped member of the Eocene, bearing, 
as it does, in its flora, its compounds, &c., Eocene characters; and that 
these Eocene members have become of Cretaceous age by the only reason 
that some Cretaceous fossils are seen over them~ As legitimate would 
it be, I think, to admit our present epoch as Cretaceous from the animals 
of Cretaceous types brought up by deep soundings from the bottom of 
our seas. But this subject has to be considered under another point of 
view. 
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That the great Lignitic formation of the West belongs to a land for
mation cannot be denied, and is denied by none. It is, therefore, to 
the materials preserved from the land that we have especiaUy to look, 
as most reliable records for the history of this geological division. 

GENERAL CHARACTERS OF THE FLORA OF TilE .A.1\IERIC.A.N EOCENE. 

Before entering into this subject, a few words must be said in defense 
of the above assertion, which assumes, for vegetable paleontology, an 
importance too generally contested, at least on this side of the Atlantic. 

The first specimens of fossil-plants from the Cretaceous of the West 
were discovered by Dr. F. V. Hayden in 1855. They represented dicot
yledonous lea-ves, mostly different from the species as yet published 
or known from the Cretaceous of Europe. In order to fix, if possible, 
their relation of age, sketches of a few of these leaves were sent to 
Professor 0. Heer, the most reliable authority for the determination of 
the vegetable remains of the recent formations. The celebrated pro
fessor referred these Cretaceous plants to the 1\fiocene. This error has 
been unjustly considered and remarked upon as invalidating the evidence 
of botanical paleontology in relation to the distribution of geological 
groups. 

The cause of the error was essentially in the insufficiency of the ma
terials furnished for examination. The mere outlines of leaves rarely 
give reliable characters for the determination of fossil-plants. The 
nervation has especially to be considered, and this essential character 
is not marked upon mere sketches of leaves, or can be correctly copied 
only by botanists of experience. A proof that Professor Heer did not get 
suffiment materials to enlighten his examination is, that Professor New
berry, who bad opportunity to see the specimens, recognized at once, 
from the study of their nervation, the character of Orednm·ia, or of a 
Cretaceous type, in a leaf considered by Heer as a Populus. In both 
genera the leaves have the same form, but the difference of nervation is 
recognized at first sight. Could the celebrated professor of Switzerland 
bav.e made the mistake if the specimens had been submitted to him~ 
But even if the materials obtained for comparison had been sufficient, it 
is questionable if a European paleontologist should not have been 
misled in considering the general characters of our Cretaceous flora, 
and therefore forced to admit the same conclusions. For nothing at all 
was then known of our Eocene flora, and the essential types of the 
Miocene of Switzerland, like those of our Cretaceous flora, have a greater 
analogy to those of our present arborescent vegetation, than to those of 
our Eocene. This, of course, could but lead to the conclusion that both 
are representative of a same formation. This cause of error does not exist 
now. We have got materials abundant enough to afford reliable points 
of comparison. More than two thousand specimens have been examined 
from one Eocene strata, and a comparative large number, too, from the 
Cretaceous. The data exposed by the determination of the species are 
certainly as reliable as those which may be offered by animal paleontol
ogy. A few of these data have to be recorded here, though already 
partly considered in a former report. 

Not a single leaf has as yet been found in our Eocene identical with 
a Cretaceous species. The genera especially represented in the Creta
ceous are: Sassafras, Credneria, Platanus, Salix, Liquidarnber, Quercus, 
Populites, Liriodendron, Proteoides, Dombeiopsis, A.cer, and Juglans. We 
can dispose at once of the genus Proteoides on account of its as yet 
unknown affinity. It has been referred, as its name indicates it, to 
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Australian types, but from analogy I doubt if we may ascertain the 
presence of any of these types even in our oldest :floras. Now, we have 
in our Cretaceous, as more easily recognized by their likeness to living 
species, leaves of Sassafras and of Liriodendron, the tulip-tree. If I 
should judge by the profusion of leaves of Sasscifra:.; which I have seen 
in the shale of the Dakota group, in the valley of the Saline River, and 
around Fort Harker, in Kansas, I would assert that more than two-thirds 
of the vegetation of this epoch did consist of species of this genus. 
But then, as now, however, related species appear to hav-e lived in 
groups, perhaps over limited areas; for at other localities Dr. Hayden 
found especially leaves of Liriodendron, Juglans, and of Platanus, genera 
scarcely represented at Salina and Fort Harker. The groups may still 
differ elsewhere. The present remarks, however, must qe limited to 
what is known, and Sassafras and Liriodendron have to be considered 
yet as the genera the most profusely represented in the flora of the Dakota 
group, even more, perhaps, than: they are in that of the present time. The 
American Eocene has not yet shown any remains positively referable to 
these genera. I have described from specimens marked "six rn:iles above 
Spring Canon" the lower part of two leaves as, perhaps, referable each 
to one species of Sassafras and of Liriodendron; but such fragments 
cannot be taken into consideration for positive evidence in a compari
son like this. They may represent leaves of different affinity. In the 
Miocene of Europe, per contra, the above genera are represented by a 
number of species. One of each, Liriodendron and Sassafras, are de
scribed from the Miocene flora o( Greenland, and more from that of 
Germany and Italy.-The genus Oredneria, or Pterosperrnites, appears to 
represent forms of leaves of a lost type. 'Ve have no representatives 
of it at our time, nor have any been seen in the Eocene. It has 
left its remains, however, in the Miocene of Greenland in four dif
ferent species. Seeds, too, of undecided affinity are referred to Ptcrosper
rnites from the Miocene of Oeningen. The Eocene species of Platanus, 
at least the three splendid species described by Dr. Newberry-Platanus 
Haydenii, P. Raynoldsii, P. nobilis-have no relation either to Miocene 
or Cretaceous types, which are mostly analogous to Platanus aceroides. 
This last. species, however, like its relative,P. Guillelmce, areas common in 
the upper .American Eocene as the former ones are in the lower.-Of 
the species of Salix I have remarked already that they are more numer
ous in the Cretaceous than in the Eocene of ours. They re-appear more 
abundant in the Upper Tertiary groups of Green River.-Liquidambar, 
the sweet-gum, has one of its species in the Cretaceous. It has been 
described from one leaf only, but I have found recently a number of 
specimens of the same near l!"ort Harker. Our Eocene has nothing like 
it, while remains of one species, Liquidambar europeum, are found over 
the whole Miocene of the old continent, together with a large number 
of forms as yet doubtfully referable to this genus. Our Cretaceous leaf 
is, perhaps, of this kind, on account of the entire divisions of its leaves; 
but this does not change its affinity to Miocene forms of Europe. Mas
salongo, in his Flora-del-Senigalliese, has described and figured a Liquid
arnbar scar'abellianurn, with the divisions of the leaves entire, a form much 
like that of our Cretaceous species, only smaller; and Unger, in Flora 
of Sotska, has named Platanus sirii, a leaf st.ill more similar to ours. 
These leaves are considered by other authors as referable to the genus 
Acer. This does not make any difference. They represent a type of 
our Cretaceous and of the Miocene of Europe ; as yet not seen in our 
Eocene.-It is the same with Acer (maple) and Quercus, (oak.) They are 
marked in our Cretaceous, the first by Acer obtusilobum, with characters 
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of leaves seen again in the European 1\Iiocene, and at our present time 
on both continents; the second by a species related to some varieties 
of our chestnut-oak, and by two others comparable by the form of their 
entire leaves to our shingle-oak, (Quercus imbricaria, Michx.) Both these 
types are most common in the lVIiocene of Europe ; but, like that of the 
Cretaceous maple, they have not as yet been observed in our Lignitic 
Eocene.-The leaves which I have considered as of a Juglans, and which 
Beer refers to Populus, P. Debeyana, are of uncertain affinity. Their 
analogy has not yet been recognized out of the Cretaceous. 

I could pursue to some length the examination of analogies of this 
kind, which may be considered as negative characters of the American 
Eocene. Besides establishing the remarkable relation of the American 
Cretaceous :flora with the Miocene :flora of Europe and the present :flora 
of this continent, they serve to prove the disconnection of our Eocene 
:flora from that of our Cretaceous, indicating therefore truly separate 
formations. 

The positive characters of the same Lignitic :flora more forcibly still 
elicit the same conclusion. From the beginning, in the examination of 
the sandstone of the Raton, I have recorded the great amount of fucoidal 
remains in this sandstone, as an essential character of its Eocene age. 
The irregularity of distribution of marine vegetable remains in the 
geologi~l groups has been remarked by every paleontologist. The 
old.~st formation, the Silurian and the Devonian, have an abundance of 
them. The Carboniferous, except at its base, as also the Trias and the 
Permian, have scarcely any. In the Jurassic they begin to re-appear, and 
their number increases upward to their maximum degree of distribution in 
the Eocene. Thus, while ten species only are known from the Cretaceous, 
thirty-five species have been already described from the Eocene of 
Europe. In our Cretaceous measures a single species has as yet been 
found, and this from the Fort Benton Group, near Fort Harker. It 
seems identical with Fucoides digitatus, Brgt., but it is as yet uncertain 
to what section of marine vegetables this form is referable. I found it 
upon pieces of limestone covered with the species of large moliusks char
acteristic of this group. Referred by Bronguiart to the Dictyotites, by 
Geinitz to the Zonarites, by Schimper to the Jeanpa~(;lia of the Marsi
leacece, by Schenck to the Fm·ns, it is as yet impossible to mark its true 
affinity. It appears already in the Dias, as seen from Geinitz's descrip
tion. Any how, it is of a character far different from any of those re
marked in our Eocene fucoids. From its association with the mollusks 
of deep seas, it is clearly a deep marine species. 

It is as yet too soon to enumerate, even approximately, the species of 
fucoids of the American Eocene. A few are described in this report. 
But by far the largest number is unknown, and will remain undescribed 
for a length of time, on account of the size and the inextricable embedding 
of the largest species with the sandstone. They have to be studied in 
place, represented in drawings, and their description can be made only 
from these representations. 

The Eocene of Europe is, in Switzerland and Germany, a formation of 
an immense thickness of soft black shale generally hardened by meta
morphism and sometimes transformed into valuable slates. It is the 
Flysch.* In this soft-grained material the small thread-like forms of 
marine weeds, or the Oonfervites, are mostly found. Our sandstone is 
too coarse for the preservation of such filaments; its marine :flora, how-

~ Da1e Owen, who studied it in Sn-itzerland, compares it to the Mauvaises Terres, 
Report 6, page 203. 
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ever, has, by its remains, an analogy in that of the sandstone of the 
Eocene of Mount Bolca, where, as with us, the genera .represented by 
thick coriaceous species, Cctulerpites, Delesserites, Halimenites, 111unsteria, 
and Chondrites, are predominant. Perhaps it will be observed that we 
cannot attach great importance to the distribution of vegetable remains 
whose forms multiply in proportion to their divisions and are generally 
indistinct, and whose law of distribution is so little fixed that species 
from distant formations are considered by some authors as identical; 
as, for example, Fttcoides Targioni andFucoidesantiquus, quotedfrom the 
Cretaceous as well as from the Silurian and from the Devonian. It 
would be easy to prove that as fast as these deep marine plants become 
better studied, their characters are recognized and their specifications 
fixed, but this is out of the way of these researches. Some species of 
fucoids of our Eocene are perfectly distinct ; their characters are as 
clearly marked as they could be for any dicotyledonous fossil-plants. 
These, therefore, may b'e compared to the Mount Bolca species, and, 
what is more to the point, their remains, from different localities of our 
Lignitic, afford, by identity or difference of characters, reliable indicat~on 
of the relation of the strata. I have named already a large species of 
Halirnenites whose stem and branches are covered with half-round tuber
cules, and which is recognized at first .sight. It is represented in the 
Eocene flora of Europe by Halimenites rectus and Halimenites minor, 
both intimately related to the .American species. .And remains of this 
fucoid have been observed and specimens collected in our Lignitic forma
tions from the base of the great sandstone to its top, even in sandstone
strata overlying the Lignitic beds everywhere over the whole area 
covered by this formation. Professor Meek has found fine specimens of 
it at Bear Creek, near Fort Steele and Coalville. I can really say that 
I have not explored any station of the Lignitic without recognizing this 
species, especially abundant at Black Buttes, where, as remarked already, 
splendid specimens of it are embedded in the sandstone underlying the 
main coal. 

The genus Delesseria, in the order of the Floridere, forms now by its 
numerous and beautiful species a predominent character of the marine 
flora of our temperate zone. Its distribution extends between 300 
and 60° of latitude, north and south of the equator, remarkably coin
ciding with that of the Lignitic formation on this continent. The first 
representatives of this genus are positively recognized, in Europe at 
least, with the Eocene formation. Of the eight fossil species known 
till now and described by Schimper in his Vegetable Paleontology, the 
seven first ones, whose relation to -this genus is uncontested, belong to 
the Eocene. The only species mentioned from the Cretaceous, Delesseria 
Reichii, Schimper, is like that Fucoides digitatus, Brgt., of doubtful 
affinity, being named at first, by Sternberg, Haliserites, and then con
sidered by Rossmassler, Brown, &c., as a fern. From our Eocene sand
stone eight species of marine plants only are described; of these three 
are true Delesseria-two from the Raton Mountains, the other from 
Golden. 

Coming to the examination of land vegetation, we are met at once by 
the appearance in our Eocene measures of a class of plants, giving 
evidence of the age of these measures, fully as conclusive as that of the 
fucoids. It is that of the palms, of the section of the Sabal. Scarcely 
any trace of these vegetables has been remarked in the Upper Creta
ceous of Europe. There they become somewhat conspicuous in the 
Eocene, but their largest development is with the ]\Eocene. With us 
·they appear immediately above the great Eocene sandstone, or in con-
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nection with every bed of lignite formed within this sandstone, and 
show by the profusion of their remains the remarkable place which they 
have in the distribution of the flora of the Eocene epoch. Their fossil 
remains are most abundant in the Lignitic of Fort Union, where the 
largest leaves of Sabal have as yet been observed. .At the Raton a 
good half of the specimens represent fragments of leaves, of petioles, 
of fruits of this species. .At Golden they are found in the same pro
portion, and at Black Butte splend.id specimens of palms are mixed 
with dicotyledonous leaves in the shale overlying the main eoal; while 
the bed with Saurian bones and shells, about 150 feet higher in the 
measures, has Sabal leaves, too, less abundant, however, than the 
shale of the main coal. At Evanston, in the under sandstone, a quantity 
of fruits referable to palm bas been found, and remains of the same 
kind are a marked feature of the scanty flora as yet known from the 
.Arkansas ami Colorado Lignitic formation. It might be argued that if 
some remains of palms have been found in connection with strata 
recognized as Cretaceous, these plants might as well be admitted as 
characteristic of Cretaceous age in our Lignitic. I do not know of a 
single case positively ascertained of palm remains ia the Cretaceous. 
Butevenifwehadany, their abundant distribution in the vegetation of our 
Eocene is sufficient proof that this class of plants had already acquired 
at that epoch a remarkable development. Its origin may be discovered 
later by scarce remains in the Cretaceous; its preponderance in the 
vegetation of the Lignitic attests a more recent formation.* 

The Tertiary groups of Europe are not as yet clearly limited. 1\Iany 
of the Lignitic strata which have furnished remains of fossil·plants to 
European paleontology were at first referred to the Eocene. Unger, 
for example, places in this formation the fossil-plants of Radoboj, in, 
Croatia, of Haering, in Tyrol, of Parshlung, of Sotzka, now referred to 
the Lower Miocene. Thus, too, the Bovey coal of England, which was 
considered contemporaneous to the Eocene of Wight, is now admitted 
as Miocene. The Tertiary deposits have been formed in basins of 
limited areas, and therefore the characters of their flora are not identical, 
even for contemporaneous deposits, on account of the diversity of the 
vegetation at various places and under various circumstances. This 
explains a di:fficult.v of identification of strata which may be met per
haps in trying to circumscribe the upper limits of our Eocene. As yet, 
in this formation, homogeneity of the essential characters is recognized 
everywhere in its flora, and when it is compared with that of some 
locality positively ascertained as Eocene in Europe, it indicates, too, 
points of identity remarkable enough. Such is the flora of Mount 
Promina, where a fern found at Golden in splendid specimens is 
described by Professor Ettinghausen as Sphenopteris eocenica. In the 
same paper a species of Myrica, whose leaves appear to have been 
found in profusion at the same locality, is described and figured, indi-

.. Vegetable paleontology bas not any more recent and more positive records on this 
su.bject than those furnished by Schimper, (Veget. Pal., vol. ii, 1871.) This work de
scribes twenty-four species of palms (fossil) in the three genera Charnaerops, Sabal, and 
Flabellm·ia, twelve of which are from the Miocene, ten from the Eocene, and two, Fla
bellaria longimchis, UNG., and F. charnceropijolia, G6PP, from strata. considered as Creta
ceous. Of these two species, Schimper says that the first, from the length of its rachis, 
is evidently a type of a peculiar genus, and that the other, whose rachis is unknown, 
cannot, on that account, be positively referred to any type. The author still describes 
twenty-two species of palms in other genera, all ·from the Tertiary, mostly Eocene, 
and twenty-three known from stems only, and these, too, all Tertiary. Admitting all 
the references as exact, this makes sixty-seven species of palms described from the 
Tertiary, and two from the Cretaceous. 
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eating such affinity with leaves also very abundant at Black Butte, that . 
it is as yet uncertain if the American form does not represent a mere 
variety of the same, differing only by the larger size of the leaves. We 
have at Golden Quercus angustiloba, AI. Br., described by Heer from 
the Bornstaedt Eocene, and in the flora of the same locality, as in that 
of Golden, a remarkable predominance of species of Ficus and of Oinna
momum, primitive types of the Tertiary of Europe. Some of these 
pass, with the Sa,bal species, into the Miocene; for, of course, the Tertiary 
formations, as land formations, removed from the influence of prolonged 
submersion in deep marine water, have, like the Carboniferous, a per
manence of the types of their flora, marked by a number of species 
identical in the groups even of the more remote stations. This answers 
the observations made on the vegetable species already published in Dr. 
Hayden's reports, and which European authors are disposed to consider 
as Miocene, from the immber of leaves of our Eocene flora, not only 
homologous, but i~lentical, with Miocene species of Europe. 

This comparison might be pursued farther and with more details. 
These remarks, however, cannot be indefinitely prolonged. Those who 
may desire to compare more precise points of correlation or of differences 
between the flora either of our Eocene and that of the Tertiary of 
Europe, or of the different strata of the Lignitic at various localities, 
will find sufficient materials for this task in the table of distribution 
which closes the descriptive part of the fossil flora of this report. 

THE AMERICAN EOCENE IDEN1'ICAL WITH THAT OF EUROPE BY GENERAL 
CHARACTERS. 

I do not believe that the divisions of our geological groups have to be 
controlled by European classifications. It is advisable, however, 
especially on account of the diversit.y of the conclusions indicated by 
botanical and animal paleontology, to mention still a few points of 
analogy remarked in the distribution and composition of the Eocene of 
both continents. 

The Flysh or Eocene of Switzerland is mostly a compound of shales, 
here and there interlaicl by sandstone strata of great thickness and 
eyen passing locally to massive sandstone, where the slate-beds disap
pear. This formation extends all along the northern base of the .Alpine 
chain in different degree of thickness, in proportion to the amount of 
denudation to which it has been exposed. It enters the valleys, especially 
borders them, in constant and immediate superposition to the Creta
ceous. On the northern base of the same chain, it is present, too, in 
basins of limited extent, where the Upper Cretaceous strata have been 
left for its support. The various strata of this Eocene formation are, 
according to their vicinity to primitive rocks, changed ·by heat to a cer
tain degree. And the top of these measures is overlaicl by a conglonteratic 
compottnd of rnater·ials derived from rocks of all the older formations, all 
rolled pebbles, and in pieces varying in size from that of a U1almd to that of 
the fist.* In this formation, too, valuable beds of lignite are found; and 
these, though not. as richly_ developed as in the Eocene of _this conti
nent, have sometimes a thickness of 6 feet, and have furnished com
bustible materials for a long time. The lignite of Niederhorn, 5, 700 feet 
above the sea has been worked since the former century, and is now 
used at Bern f~r the production of illuminating gas. The Eocene group 

*Herr Urwelt der Schweitz, p. 241. 
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of the Paris basin has also some rich beds of lignite. Does not this read 
like a true epitome of the descriptions given of our Eocene~ 

This brings forward again what I consider the last unanswered ques
tion in relation to the distribution of the American Eocene. Its base is 
everywhere ascertained as immediately resting ·upon the Upper Creta
ceous ; the lower sandstone is recognized as either a massive homoge
neous compound or as interlaid at different places by beds of lignite 
or of shale. The fossil flora, with some difference, has the same charac
ters in the strata connected with these lignite-beds, at all the stations. 
The group is therefore satisfactorily limited so far, but where does it 
pass to a higher division of the Tertiary or to the :Miocene~ I have 
already remarked that I consider the conglomerate formation seen at 
Evanston and other localities as the upper beds of the Eocene. But I 
have not myself found any positive proof of this assertion, and as these 
conglomerates have ·been referred to different groups according to the 
strata which they appear to cover, the assertion is contestable. The 
observations, however, of Dr. Hayden, who, after years of careful field 
explorations, has become the true interpreter of the geology of the 
Rocky Mountains, will supply this last evidence. In beginning his 
description of the Green River Group, and in marking its superposi
tion to the Eocene sandstone, he says :* 

This interesting valley (Henry's Fork) is :filled with beds wbich sbow a perfect con
formity. Tbe first bed is a yellow-brown, ratber :fine-grained sandstone, dipping 75° 
a little west of north. 'l'hen comes a series of yellow and light-gmy arenaceous or 
marly clays, with beds of yellow-brown and light-gray sandstones projecting somewhat 
above the surface. .Alternating with tbese layers of sandstone are quite thick beds of 
pudding-stone and conglom~rate composed of round pebbles of all tbe older forma
tions. These conglomerate beds are intercalated among the sandstone through 300 or 
400 feet in thickness, and are probably of {!pper Eocene age. Above them are at least 
500 feet of sandstone which have a diminished dip 20° to 30°, and then pass up into 
the calcareous layers of the Middle Tertiary of Green River group. 

The relative position of the conglomerate as underlying the Green 
River Group is thus positively ascertained. Comparing this with what 
bas been described and marked in the sections of Evanston, Cheyenne, 
Gebrung's in Colorado, the lignite basin of the Arkansas Valley near 
Canon City, the Santa Fe marls, the Gallisteo group, &c., such remark
able analogy is seen in the composition and geological distribution of 
these conglomerates that the unity and contemporaneity of the formation 
becomes evident. The upper part of the section of Evanston is a coun
terpart of that of the conglomerate-beds described above by Dr. Hay
den. It is, indeed, reduced in thickness, as also in the size of the 
materials entered into its compound. But, as remarked already, this 
reduction is everywhere relative to the distance of the older rocks which 
have furnished the materials. .And it ought to be so ; for the formation 
is a kind of drift, spread over a wide area by water or by glacial agency, 
and of course the coarse and heaviest materials are found nearer their 
point of origin. It has been, but it cannot be, considered as a recent 
drift. I have seen no trace of recent glacial agency on this side of the 
Rocky Mountains, where, indeed, moraines, or heaps of materials trans
ported by glaciers, would be, I think, a kind of anomaly. The glaciers 
have, like the peat-bogs, a development relative to atmospheric 
humidity. It is not the rain which increases the density of the snow, 
transforms it into neve and then into ice, but the fogs. Therefore, the 
eastern slopes of the Rocky Mountains have snow in their high, deep 

* F. V. Hayden's Geological Report, 1870, p. 69. 
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gorges, but not glaciers. The case must have been far different at the 
Eocene time, where the great atmospheric humidity is manifested by the • 
formation of the lignite-beds. 
. From these remarks, and as a short resume, I am, I think, author
ized to deduce the following conclusions: That the great Lignitic group 
must be considered as a whole and well-characterized formation, limited 
at its base by the fucoidal sandstone, at its top by the conglomerate 
beds; that, independent from the Cretaceous under it and from the 
Miocene above it, our Lignitic formations represent the American 
Eocene. 

PART Il.-THE LIGNITE; ITS FORMATION. 

The greatest geologist of our time, Lyell, takes as a preamble of his 
Principles this admirable remark of Playfair: 

Amid all the revolutions of the globe, the economy of nature has been uniform, ancl 
her laws are the only things that have resisted the general movement. The rivers and 
the rocks, the seas and the continents, have been changed in all their parts; but the 
laws which direct those changes and the rules to which they are subject have remained 
invariably the same. 

Certainly, every geologist is disposed to admit the exact truth of the 
above assertion; but how few of those who are called to teach geology 
are disposed to follow the advice implied in it and to begin their in
structions in studying the changes and phenomena on which the pres
ent surface of our globe is dependent, and of which, too, it is, at least 
for a given time, the immediate result. 

1'he want of precise information on actual phenomena, whose under
standing is important for the pursuit of geological studies, is perhaps 
nowhere more evident than in considering how little the formation of 
our combustible minerals is understood. It is indeed generally believed, 
and rightly admitted now, that we have, in the peat-deposits of our 
time, a .formation analogous to that of the coal, and that therefote we 
have only to study this present and active production of nature to be 
able to understand the origin of the deposits of combustible mineral of 
former epochs. But how to make this study~ Nature's works are of 
such a complex immensity that, simple as they appear to the mere 
looker-on, a whole human life is often fully employed in the abortive 
tria] of unraveling the details of on13 of its minutest productions. Peat
bogs are not a compound or a mere heap of dead matter, brought up 
hke the mud and sand of the rivers by some appreciable force. That 
the peat has grown, and is still growing, in basins which it tends to fill 
up to a precise degree, is well known. But this general and vague 
assent of a truth says nothing ou the mode of growing, on the materials 
which supply the eompound, on the elements necessary to its preservation, 
on the influences affording those subsequent transformations by which 
nature secretly elaborates some apparently useless vegetable debris, 
restores them after a time as lignite, coal, anthracite, even diamond, all 
matters adapted to the wants of our civilization. All these questions, 
to be clearly understood, demand in botany, in chemistry, in physics of 
the earth, not mere notions, but an intimate acquaintance which, e'{en 
for one of these specialties, cannot be obtained by a whole life of study. 
There is, howe':er, another cause of the ignorance of the phenomena 
which accompany the formation of the peat-bogs of our time, and of the 
laws which promote it. Peat-bogs have nothing attractive, nothing 
which speaks at first to an imaginative mind, which charms it. and 
tempts it to investigation. They are like cemeteries, mere restiug-places 
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for death. They have no life but vegetable life, which, in its luxuriance, 
is generally enveloped in a kind of repulsive gloom. At some open pla
ces the surface is covered by mere heaps of mosses, where deep-sinking 
footing makes each pace not only uncertain but startling and alarming 
as dangerous. At others the bogs are thickly interspersed by hillocks, 
which, formed on the roots of trees and bushes, hiUden under a thick 
carpet of mosses, offer not only an insecure footing, but are separated by 
gulches full of stagnant, black, muddy water, where the prospect of 
a plunge is not pleasant indeed. At other places still the bogs are so 
thickly overgrown by trees and bushes that one bas to use the hatchet 
to penetrate them. Through a narrow path, edged in that way by 
two walls of verdure, the perspective is so limited that every kind of 
research becomes nearly impossible. Or, also, the trees and bushes, 
some standing, some inclined or prostrated in every direction, form over 
the surface a kind of net, whose meshes are bidden by the vegetation of 
the mosses, of the ferns, &c. Those who have tried to cross a cedar
swamp will never try again the same mode of shortening their journey. 
It is the most difficult task to pierce through a few :rods of such a swamp, 
either in walking along the prostrated, half-covered trunks, by fear of 
tumbling down into the dark intervals, or in searching a passage upon 
the surface by climbing and passing across the trunks or piercing under 
them through the wet curtains of rank vegetation pending from their 
sides. :Moreover, many peat-bogs are not only of dangerous, but of im
possible access. In the north of Europe, and in the south of our coun
try, as, for example, in the swamps near the shores of the sea from New 
Jersey to Texas, the bog-vegetation often begins at the surface of the 
water, extends over wide areas, co\Tering abysses of water and mud of 
various depths. At some places the vegetable carpet is strong enough 
to bear trees of large size; even railroads have been built upon such 
kind of :floating land; at others the too thin carpet is split and rent by 
a little weight. When the naturalist is trying to visit such swamps, he 
does it at the peril of his life. Peat-bogs of this kind in Ireland, as in 
Denmark and Sweden, too, are crossed only by narrow paths indicated 
by poles. On dark nights, and in trying to follow them, many a wan
derer, missing the way, bas never been seen again. Some of the~e bogs 
are of such dangerous access that they are never spoken of by the inhab
itants of the country but with a kind of dread. In Denmark, according 
to legendary records, a run upon the cleath-swamp was the penalty 
inflicted on great criminals, who rarely or e·-er traversed the bog, being 
generally ingulfed ·in the attempt. Though we may doubt the truth of 
this legend, it is, however, positive that a great quantity of implements, 
of weapons, of ornaments, even skulls, skeletons of inhabitants of for
mer races, are found in bogs now emptied by hydraulic enginery and 
worked to the depth of 75 feet or more, in the north of Europe. The 
museum of Copenhagen bas a number of large rooms filled merely by 
remains of this kind. And these are not the only forbidding features 
of the peat-bogs of our time, not all the visible phenomena which should 
demand investigation and study to enable a naturalist to understand 
some of the more marked characters of the formation of combustible 
deposits. 

The peat results from the heaping of vegetables growing at the 
surface of tlle bogs; but as water is necessary for the preservation and 
transformation of the vegetable matter, and as peat does not grow 
always in basins, but often far above the reach of any water-level, 
where and how is the water procured~ By the agency of a mere 
kind of moss, the Sphagnum, which acts like a, vegetable sponge. 
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These mosses absorb water from their leaves, their branches, their 
stems, still more than from their roots; they live, therefore, from the 
humidity of the atmosphere when they cannot derive it from underlying 
basins of water. They always grow in compact masses, sometimes 
covering wide areas by their only vegetation. They grow, too, upon 
slopes, even steep ones, and thus in countries where the atmosphere 
is charged with a large proportion of humidity, they ascend from the 
base to the top of high mountains. It is the case in Ireland. The 
cone of the Brocken, too, so well known in the German legends of 
the Hartz Mountains, is not only surrounded at its base by deep peat
bogs, but the peat covers, at many places, the slopes of the cone to the 
tops of its rocks. Nobody would dare to attempt descending the cone 
on these apparently smooth slopes of the mountain, formed by a mere 
carpet of mosses which, passing from rock to rock, covers sink-holes 
of great depth between them. In our country, the same phenomenon 
is repeated in those naked places called glades, on the slopes of the 
.Alleghany or of the .Adirondack l\1ountains. They are openings like 
small prairies, in the middle. of thick pine-forests. The fire has evi
dently not touched these places; a small spring has developed the vege
tation of the spongy mosses. They have, by and by, invade~ a larger 
space, preventing any other kind of vegetation but that of the bogs, 
even covering the dead trees falling upon them, and there we have de
posits of peat upon slopes of the same degree as that of the forests 
around. 

It would take a volume to describe in some detail and explain a few 
of the manifold appearances which the mere surface of a peat formation, 
even of small extent, offers for investigation. If one, for example, will 
take the trouble to traverse a peat-bog, even where its surface is flat 
and looks uniform, and where the dryness affords a somewhat solid 
footing, he cannot but remark this : 

1st. The essential vegetable, the moss, (Sphagnum,) is not only spread
ing and covering the plane surface, but its -tufts ascend all over the 
debris of wood, even the largest trees which have fallen upon the 
ground, and cover them. .And when the swamp is in some places over
grown by bushes or conifers, as it is often the case, these mosses ascend 
against the trunks or above the roots, forming tufts, hillocks, around 
and upon them. 

2d. This kind of moss, even in its more upraised and apparently 
dry est patches, is always full of water. Take a handful of it and 
press it ; water will run out of it, not in mere drops, but in rills. This 
moss has the softness of a sponge, and is a sponge. If you want a 
proof of it, put this now well-compr..._essed and apparently dry tuft in your 
pocket, and when at home expose it upon a dry plate to the atmosphere 
for one cloudy night, and in the morning, you may repeat the experi
ment, squeeze the moss, and find it as much saturated with water as it 
was when taken from the swamp. 

3d. The vegetation, though most generally, if not always, intermixed 
with Sphagnum, is not continuous or uniform over extensiye areas; here 
we find patches of mosses over which the cranberry and other creeping 
small bushes are in full bloom; there a group of shrubs; farther, a 
thick growth of tamaracks, in the north ; in the south, the bald cypress 
and magnolia, or an impenetrable grove of canes ; then apparently bar
ren surface covered by shallow water or a thin crust of black mud, in
terspersed with tufts of hard sedges, rushes, &c.; thus a continual 
change caused .by great diversity of a vegetation which, however, taken 
in its whole, forms an exclusive and limited group. 
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·This much for mere surface appearances. The dh·ersity becomes, 
however, far greater in penetrating nearer to the shore of the ocean, in 
those dismal swamps of the south where it is caused, not merely by the 
variety of the vegetation, but by It!Odifications of level from the inces
sant action of the water, either in seeking an outlet, or by alternately 
inYading low land or heaping upon it materials which raise it above 
the sea. Isolated lakes, like the Drummond Lakes, for example, 
are met with, which formerly were covered by forests, now snnk 
to the bottom, where, near the borders, the tops of trees, (bald cypress,) 
still standing, appear above the surface of the water, their trunks im
mersed 10 to 15 feet deep. A bed of mud is slowly deposited over this 
sunk forest, from particles of matter brought by water, while on the 
borders the floating vegetation of the peat, the Spha.gnunt,* especially, 
already begins preparing for th~ future a new bed of materials, which 
may be extended over the whole surface of the lake. Suppose a de
pression of this floating mass, and the bottom of the lake is then over
laid by two beds of combustible matter, separated by a bed of mud, 
while, on the borders, the peat of an uninterrupted growth has, of 
course, formed a single bed. This represents, if time enough is admit
ted, a bed of coal, compact or in one at some places, separated in two 
or more beds at some others. This division of the peat-beds by foreign 
matter, either deposited or brought np by the same agency, is remarked 
everywhere and often continuous and increasing in the same direction~ 
Some of the lakes of Switzerland are separated by peat-bogs of great 
extent, some of them more than fifty square miles in area. In the mid
dle of the greatest of th.ese bogs the bed of peat is, on the eastern side,. 
8 to 10 feet thick, without parting, but toward the west it is horizontally 
divided in the middle by a streak of sand, which, for six miles farther,. 
iucreases by degrees to 3 feet. · In coming to the borders of the lake 
the lower bed of peat passes under the sandy bottom. In Holland, 
borings for water record one bed of peat farthest from the shores in 
coming nearer to them, proportionally to distance, two, three beds, or 
more, formed by superposition of sand and mud, causing temporary or 
permanent divisions of the original bed. 

The sa.me modifications are obseryable in the peat-deposits of this 
time, and their cause plainly exposed to the explorer in the swamps of 
this country nearer to the shores of the ocean. Here estuaries indent
ing the land form a true net-work of canals, lagoons, bayous, cut by 
narrow capes, islands of various size, some of them a mere mass of 
heaped vegetables, floating here and there. The lowlands are mostly 
overgrown with a luxuriant vegetation, affording materials for the growth 
of the peat; l>ut in some localities these swamps are slowJy invaded again 
by the sea, which has cut a channel through the beach somewhere 
near by and brings sand over them. By and by these peat-deposits 
will be buried apparently forever. But if a current or a storm, or 
some other casualty, closes the channel, the ,lagoon, protected against 
marine . influence, becomes an inland lake with a permanent leTel, 
has its brine slowly changed into fresh water by the ingress of some 
river, aud after a while the same kind of vegetation will re-appear 
over the lagoon and begin its productive . work anew. There is 
along these low shores a perpetual contest for predominance between 

* Species of Sphagmtm, when growing in water, extend their :filaments over the surface 
in continuous a.nd innumerable ramifications, which soon form a net of floating vege
tation, where other plants by and by take root and live. Ou a solid ground the same 
species grow in compact mass, all their stems erect, closely pressed together. 

23 G S 
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water and land; between the peat vegetation which tends to force 
back the sea in building its moors, as ramparts against invasion, and 
the marine force, searching an ingress, and in its charges sr.aling low 
wallR to re-occupy or farther extend its domain for a while. This, 
of course, causes innumerable modifications of land-surface. The bor
ings and shaftings around New Orleans record an alternauce of forests, 
either prostrated or standing, of gravel, of mud-beds, .of peat, &c., as 
a result of this conflict, which, of course, becomes still morf) active and 
varied near the mouth of our great rivers. The low bottom-lands of 
the Arkansas and Red Rivers at their entrance into the Mississippi 
show the same kind of alternance in their stratification. The cause is 
merely modified ; inundations, especially, marking their active influence, 
insteacl of waves, tides, and currents. 

What has been said, as yet, tends already to explain not only the 
cause of the multiplicity and variety of the deposits remarked in our 
Lignitic and coal measures, but also the difterences observed and re
corded by experiments or anal,Yses in the compounds of the combustible 
minerals, not only at separate points of a same bed, but even on pieces 
cut from the same block of moderate size. 

A perfect understanding, however, of the causes of all the differences 
noted above, and other phenomena as yet unexplained in the formation 
of coal and lignite, can be obtained only from the study of the mate
rials which enter into the composition of a peat-bed, when seen on a 
bank exposed in a vertical section. Such an examination can rarely be 
made in this country, where the peat is as yet of comparatively little 
value~ and where the rare diggings are made by enginery; heavy, 
sharpened cutting-shovels, or boxes, moved by steam, bringing out the 
matter from under water. The face of the banks is in that way con
stantly immersed. In Europe, even now, peat is worked from large 
banks isolated at first from the swamps and drained by canals. The 
matter is cut by hand from the top to -the foot of the banks, and on 
these sections the difference in the compound resulting from variety of 
the vegetation of the surface may be comparatively studieu both ways, 
either vertically for succession in time, or horizontally for distribution 
of a contemporaneous flora. The examination of such banks of peats 
shows at first that, even where the peat is older and more compact, one 
can recognize and often count from the top to the bottom the layers of 
vegetable matter which have been heaped each year for the constitu
tion of the whole mass. Near the top the annual layers are spongy, 
irregular, thick, varying from one to three inches ; by compression and 
decay they become thinner by degrees, and at the bottom are some
times reduced to one-tenth of the thickness of the surface-layers. They 
show, too, irregularities resulting from the embedding of vegetables of 
large size. Generally, however, the general growth is not entirely 
stopped, even by prostrated forests. It is still indicated by thin layers 
marking the remains of the vegetation of the Sphagnum, and when, 
either at once or successively, the trunks of trees become embedded, 
there is for a while a kind of local confusion of the annual layers, till, the 
growth of mosses and small vegetables having filled the inter-vening 
·spaces, the surface has become horizontal again and the lasers distinctly 
marked on wider areas. Generally, v~getable remains after a few years 
·are mostly rendered unrecognizable by compression and maceration, 
which change their color and modify their characters, and, of course, 
.the older the peat-strata are the less their vegetable compounds become 
identifiable. Some kinds, however, escape disintegration for an 
immense space of time. These, like some species of mosses, of sedges, 
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twigs of coniferous or species of the heath family, may be recognized 
from the surface to the lowest part of the banks of ancient beds of peat. 
I ha,Te many times seen strata composed es8entially of the heath, (Erica 
vulgctris,) which enters often in great proportion into the formation of 
the peat in Europe, whose branches, with leaves still attached to them, 
were as identifiable as in their original form, and this under 10 to 12 
feet of peat. In digging for the foundation of a state monument at 
Berlin, a thin bed of peat was expoRed under 40 feet of drift-sand. Tbis 
peat was a compound of mosses, which were so well preserved tbat the 
species could be recognized just as if the mosses had been recently taken. 
out of the swamps. Professor Horton, attached to the geologica] sur
vey of Ohio, found two identifiable specimens of mosses in. a peat-deposit 
underlying clay-beds covered with drift. 

The growth of the peat in basins full of water and from immersed 
vegetable, results from proceedings somewhat different, but not less 
admirably adapted by nature to the purposed end. All the basins where 
the peat is formed under water have a bottom of clay prepared iu 
advance by some kinds of water-plants, Confervce, which, living totally 
under water, out of atmospheric influence, are mere cellular plants, and 
by decomposition produce, like the infusoria and small mollusks which 
they feed, siliceous or clay deposits. To these capillary plants are often 
added the Oha.racem and some species of mosses which, by peculiar and 
as yet unexplained structure, have the property of transforming and 
assimilating in their tissue the carbonic acid of the water into lime. It 
is only after the preparation of the clay bottom, and when the basin has 
been rendered impermeable, that water-plants of another kind begin 
their vegetation. Tbe Sphagnum among them, the floating species of 
Hypnum, the Thypha., Spat;·ganium., Pond-weeds, ·water-lilies, all plants 
rooting in more or less deep water, but opening their leaves and flowers 
at or above the surface, and thus by atmospheric influence transforming 
the carbonic acid into fibrous tissue, and becoming woody plants fit for 
future use as combustible mineral. The debris of this vegetation are 
heaped every year and decay under water. These debris, generally more 
mixed, and mostly, too, partly decayed aud bruised before submersion, 
form a more compact mass, without recognizable annual layers, and iu 
time may be transformed into that coal named cannel. 

Swamps of this kind. however, are not always continuous either in a 
vertical or horizontal direction. It happens in some countries that when 
peat formed by immersion of vegetables has been heaped up t-o tue leYel 
of the water, the upper aquatic vegetation begins its work and builds, 
high above it, a deposit of peat, where the same phenomena, viz, distinct 
annual layers, &c., are remarked as in the emerged peat formation. On 
another side the subaqua.tic vegetation, and tlwrefore the immer::H.'d 
formation of the peat, is sometimes in full activity over a swamp-surface, 
while at another place of the same swamp, the ground raised above water 
is covered by a cranberry-swamporauemerged peat-bog. This is the case 
on some of the great swamps of North Ohio, and I still recollect with some 
kind of dismay, that twenty years ago, misled by vague informations, I 
waded in three feet of water over the surface of an .immersed peat forma
tion, so thickly overgrown by bulrushes (Scirpuspungens, Scirpus 'l'alidus, 
&c.) that once within this kind of thicket I lost sight of the borders, already 
far away, and lost my direction, too. Searching there a way of egress 
for hours, I bad full time to investigate that unpleasant side of tbe 
formation of the peat, till at last I came to the upper part of the same 
swamp, the cranberry-marsh which I was anxious to explore. The dif
ference of compounds in some beds of coal which, sometimes, have layers 
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of cannel-coal in the lower part, topped by bituminous coal; or which at 
one end are true cannel-coal in their whole thickness, passing to bitu
minous in following them to some other part of the same deposits, is 
explained by these remarks on the formation of our peat-bogs. We find, 
also, a remarkable identity of compound in the bottom clay of the coal 
and Lignitic beds, which, too~ indicates by its remains the agency of 
plants of a same nature or of water-plants in its formation. 

In comparing peat to coal, and judging from mere appearance, one 
finds at first a great difference between these combustible materials. But 
in following the intermediate grades which modify them according to 
age, the intervening links are found so intimately joined that it becomes 
impoEsible to separate them or to mark divisions from permanent char
acters. In ancient peat-bogs, the peat, especially near the bottom, 
becomes black, compact, intermix~d by layers of crystalline, though 
still soft coaly matter, which only wants hardness to be comparable to 
true coal or even undistinguishable from it.* Passing from peat to 
what is called lignite, or to deposits of woody matter in formations 
older than ours, we find in these accumulations either beds of mosses 
of spedes still recognizable as analogous to those of our times, or heaps 
of trunks whose wood has still its color, its original structure, as it is. 
seen in the present peat-bogs, but which has already become softened 
to the consistence of clay. Some older deposits have their woody re
mains, trunks, and branches, already blackened but still soft, being 
easily cut by shovels. Still farther into the divisions of time or of 
geologists, this wood, as at Golden, for example, is found hardened, car
bonized-like, but preserving its original structure so distinctly that the 
concentric layers of branches are as distinct as in the wood of onr forests. 
And in the same basin, or at the same horizon, as, for example, at the 
Raton, the combustible matter still_ called lignite. bas become, by its ap. 
pearance, hardness, and chemical compound, undistinguishable from the 
coal of thf' Carboniferous measures. · 

Chemistry accounts for the differences remarked in the various degrees 
of decomposition of woody materials. It explains how the tran~forma
tion of woody fibers into coal is the result of a retarded combustion by 
the slow combination of the oxygen of the atmosphere with the hydro
gen of the plants, converting the woody fiber into carbon and increasing, 
proportionally to the duration of the process, the amount of fixed carbon. 
In this operation of nature the wood passes through all the stages of 
decomposition remarked in mineral combustible, from peat to anthra
cite, &c. In the lignite the work is only half done~ as seen in consult
ing the numerous analyses given of this matter, which always indicate 
a proportion of carbon relative to that of water or of as yet unburned 
woody fi hers. In some cases the slow maceration appears hastened to 
its completion by subterranean heat. How else would it be possible to 
explain the transformation of lignite into a.nthracite in close vicinity to 
basaltic dikes, as at the Raton }\fountains and at Placiere Mountains, 
New Mexico, when the same beds, at a distance, retain still the 
appearance and chemical compounds of true lignite~ 

Nothing is more admirable in nature than the apparently simple pro
cess of the formations which have here been briefly reviewed. N~,ture 
disposes of the carbonic acid of the atmosphere and of its humidity for 
the food of the plants which, by a kind of digestion, elaborate it into 
woody fibers. Under peculiar times and circumstances, where these 

*The bottom of a peat-bog of Locle, Switzerland, is formed of layers of this substance 
ah'eacly hardened and nndistinguishable from lignite-coal. . . 
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woody materials are unavailable, it piles them into vast magazines, care
fully prepared a long time in advance, for that purpose. And tlleu, re
versing its operation, slowly combining again the water and tile carbonic 
acid of the wood, to return tllem to the atmosphere as new food for liv
ing plants, it constantly improves the value of the stored materials for a 
future contingency. Man now recognizes the end of this work, enjoys 
its results, and can but acknowledge in it the disposition of a wonderful 
Providence. 

The first result of the decomposition of woody matter in basins pre
pared for the formation of the peat is the generation of an acid, (acid 
'ltlmic,) soluble in water, and~specially marked by its antiseptic property. 
Water saturated with this acid not only retards indefinitely the decom
position of the wood immersed into it, but, under some circumstances, 
preserves for a length of time every kind of organic matter, m-reu meat. 
The water does not receive from this compound any unpleasant taste or 
smell, nor any unwholesome influence. It is as palatable for drink as 
spring water, merely unattractive by its somewhat brownisll color. Even 
it may be considered by its antiseptic property a preventive agaiw~t 
fever and other epidemic diseases, or a remedy for every kind of dis
eases caused by putrid decomposition of tissue. Statistic tables llave 
established this fact in Europe, that the average of human life is longer 
for the inhabitants of tlle peat-bogs or of the land botdering the forma
tions of this kind. This water, too, does not enter into decomposition 
even when exposed to a high degree of continued heat. It has been 
carried for eighteen months or more in explorations of equatorial coun
tries, preserving its purity to the end. From this it is easily understood 
how trees or fragments of wootl, thrown down or strewn upon the bogs, 
become protected against decomposition by a thin carpet of mosses im
pregnated with such kind of water. 

The ulmic acid, soluble in water, becomes fixed or solidified into a 
black resinous matter, by evaporation of the water, thus forming a pro
portion of the combustible part of the peat, and greatly increasing its 
value. The difference in the heating properties of the compound, when 
dried under atmosplleric influence or by compression, is sometimes as 
high as one-fifth. The best peat, therefore, is that which, taken from the 
bogs by hand or by machinery, is kneaded till the whole has been ren
dered a homogeneous paste. The operation is performed in various 
ways, according to means and circumstances; by pounding with the 
feet, with wooden mallets, by mills, &c. The peat thus prepared is cut 
or molded in pieces of suitable size, left upon the ground tilL somewhat 
hardened, then dried by successive exposure of the faces to the atmos
phere. Prepared in that way, the peat of the old bogs of our time is 
as good a combustible as bard wood. 

The ulmic acid of the water of the bogs, antagonistic to some kind of 
vegetation, essentially favors the growth of plants of hard woody tissue. 
The flora of the peat-bogs is tllerefore exclusive and limited. It has 
mostly species with sharp-pointed narrow leaves-conifers, . grasses, 
sedges, rushes, canes, mosses, and a few shrubs, dwarf-birch, cran
berry, &c. The bladed form of the leaves appears especially appropri
ate to the absorption of atmospheric humidity, and by'their multiple 
surfaces to the evaporation when superabundance of water demands it. 
The mosses have not as yet been observed in a fossil state, neither in 
the Carboniferous nor in the I..Jignitic formations. The first -remains of 
this class appear in the Upper 'l'ertiary, especially in the amber. But 
there is not a positive proof of their absence in older formations. 
Moreover, the peat-bogs of former epochs have apparently haufor their 
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growth other kinds of vegetables, possessing the same properties with 
the same mode of life. We do not know them as yet, for the vegetable 
remains fossilized in sand and clay beds seem to represent species of 
plants bordering the swamps, rather than the species which have con
tributed to their composition. 

The evaporating and absorbing power of the plants of the bogs play 
another remarkable part in the economy of nature in moderating the 
extreme of temperature, especially greatly reducing the excess of cold. 
Everybo.dy knows how even a tjhin fog prevents frost. The flora of our 
Lignitic, like that of the Coal epoch, has a number of species, whose 
affinity i~ with plants now considered as cb'.tracteristic of f1 tropical or 
subtropical climate~ It has been generally argued therefrom that at 
the time when our combustible minerals were in progress of formation 
the climate of our country was much warmer than it is now. From the 
examination of the H.rst specimens of Tertiary fossil-p~;1nts found on 
this continent I was inclined to admit a same opinion; but the more I 
have studied the distribution of the plant of former epochs, comparing 
it with that of ours, the more I have been led to believe that the differ
ences in the general characters of the vegetation, as indicated by fossil 
remains, result essentially from atmospheric humidity, rather than from 
temperature. In Ireland and in Scotland, near the mouth of the Firth 
and of the Clyde, as high as 57° of latitude, a limit corresponding on 
the American continent with North Labrador, the vegetation under a 
high degree of atmospheric humidity, already presents a tropical aspect. 
Tropical ferns, species of Bymenophyll,um and Triclwnwnes, cover the 
rocks and the mossy trunks of the trees, mixed with European forms of 
ferns, which, by their luxuriance and size, reca1l the characters of the 
vegetation of the Southern Islands.* It has been remarked already 
that the coal and lignite beds proYed for tbe time of their formation a far 
gr~ater clegree of atmospheric humidity than we ha\7 e now. If a mere 
difference in the proportion of humidity can prouuce at our time a 
change in the character of the vegetation corresponding to that indi
cated by temperature in 25° of latitude, or the difference between the 
southern swamps of ours and those of Scotland, we can easily admit, as 
resulting from the same cause, the facies of the vegetation of Greenland 
at the Tertiary epoch. This flora, as we know it already, has a general 
relation and some identical species with that of our Lignitic deposits of 
the West. 

These details, which jndirectly throw light on the productive causes, 
the distribution, and the original composition of the lignite-beds, are 
sanctioned by the importance of a formation, justly considered as a 
most essential series of our American geology. 

THE LIGNITIC CONSIDERED IN ITS APPLICABILITY.
AREAL DISTRIBUTION AND THICKNESS OF THE STRATA. 

§ 1. THE NORTHERN LIGNI'l'IC BASIN. 

The forll!ation to which the name of Great Ligniticis fittingly appHed 
is for the first time noticed in Lewis's and Clarke's expedition to tlw Rocky 
lVlountains, 1804: 

The coal or lignite was first observed twenty miles above the Mandan Village. The 
bluffs on each side of the Missouri are upward of 100 feet high, composed of sand and 
clay, with many horizontal strata of carbonated wood, resembling pit-coal, from 1 to 

~ Schimper, Vegetable Paleontology, vol. 1, p. 358. 
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5 feet each in thickneAs, and occurring at various elevations above the river. At fifty 
miles above the village, similar coal-seams were noted, but here they were observed to 
be on fire, emitting quantity of smoke, and a strong sulphurous smell. J<""urther on the 
same sulphuro.ns coal continued for eighty miles more; strata of coal, frequently in a 
state of combustion, appearing in all the exposed faces of the bluffs. The quality of 
the coal improved as the party advanced near the mouth of the White River, eighty
five. miles farther, a.fforuing a hot and lasting fire, but emit,ting very lit.tle smoke or 
flame. Thence forty-seven miles to the Yellowstone River, anu at a bluff' eight miles 
up that stream, were several strata of coal. For fifty miles aboYe the junction of the 
Yellowstone and the Missouri there were greater appearances of coal than bad yet been 
seen, the seams being in some places 6 feet thick, and there were also strata of burnt 
earth, which were always on the same level witb those of coal. Tlw explorers had 
thus far traced thiR lignite formation along the banks of the Missouri for a distance of 
three hundred and thirty miles·. The horizontal formation of clay, loarn, anu sand, 
with fragments of coal in the drift of the river, extended three hundred miles more to 
Mnscle-shell River, or six hundred and twent.y miles from the Mandan Village. Even 
above this point, washed coal continually appeared on the shores of the river and at 
Elk Rapids, eight hundred miles from Fort Mandan, the high bordering bluffs, were 
still composed of borizontal beds of clay, brown and white sand, soft, yellowish-white 
sandstone, hard, dark-brown freestone, and large, round, or kidney-shaped nodules of 
clay, iron ore. Coal, or carbonated wood, similar to that previously observed, was also 
seen, and was aecompanied with burnt earth, probably the result of the spontaneous 
combustion of tho coal, as was noticed for hundreds of miles below. After reaching 
the grand fork of the Missouri, and ascenuing two or three days' journey up Maria's 
River, northward, it was remarked that precisely the same geological character and 
coal-strata prevailed for more than sixty miles. So far, therefore, the exploring party 
had been traveling through ur over a ligneous-deposit of singularly uniform character 
for no less than nine hundred and eighty miles, following the winding of the river. 
Pursuing the south fork toward the great falls of the Missouri, coal was still observed 
in blufl's of dark and yellow clay at a distance of two thousand four l.Jundred and 
fift.y-four miles up that mighty river, and it was not until near the base of the Rocky 
Mountains, and after one thousand miles of traveling across it, that. this great region 
of coal-beds and lig-uites was passed. 

On bis return Captain Clarke descended the Yellowstone from about north latitude 
45° to its mouth, 4H0 20', and ever.vwhere found the same series of coal, aml variously 
colored class and soft sandstones, as was traversed in ascending tbe Missouri. 

Below the Big Horn is a large stream falling in from the south, whose Indian name 
implies "The Coal Creek," from the great quantity of this mineral upon its border. 
The same coal series continued to the confluence of the Missouri, exhibiting uninter
ruptedly for seven hundred miles, in addition to the thousand previously traversed, 
the vast persistence of this formation. The eaormous area of similar strata is further 
shown bv the decoloration of all the tributaries that enter the Missouri from both the 
south an·d the north from the forty-second to the forty-ninth degree of north latitude.* 

In 1832 Prince Maximilian, of Neuwied, passed up the Missouri River, 
and in the splendid record of his travels mentions the occurrence in 
numerous localities of thick beds of lignites. 

Some more detailed information on the distribution of the lignite-beds 
of the Tertiary are given b~T Mr. E. Harris,t who accompanied Audubon 
up the Missouri to the mouth of the Yellowstone, iu 1843. He counted, 
at one place, eight seams of coal between the river and the top of the 
bluff, their thickness varying from 6 inches to 4 feet. 

In Dr. D. D. Owen's final report of a geological survey of Wisconsin, 
Iowa, anc1l\finnesota, an account is given of Dr. John Evan's exploration 
of the Mauvaises Terres. He remarks, (p.195 :) 

That below Fort Clarke the great lignitic formation first shows itself in the banks of 
the Missouri. It was traced to a point twenty miles below the Yellowstone. One of 
the thickest and most valuable beds of coal observed by Mr. Evans occurs near Fort 
:Berthold, where it is from 4 to 6 feet thick. 

In 1850 Mr. Thaddeus A. Uulbertson visited the Upper Missouri to 
above Fort Union, noting the occurrence of lignite-beds at various 
localities. 

Thus, at different times, the lignite-beds of the Upper Missouri and 

* R. C. Taylor, Statistics of Coal, p. 175. 
tIn Proceedings of the Acad. of Nut. Sci., Phil., May, 1845. 
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Yellowstone Rivers we.re remarked, but always in a general way, with
out giving any precise information concerning their age, their distribu
tion, thickness, and compounds. 

The same Lignitic formations were also described from the northwest 
of British America, with some more details; but these observations do 
not concern the present researches. 

From the south, too, or from New l\1exico, we have records of the 
presence of thick coal-beds ''found in great abundance and of good 
quality between the placers in the Raton Mountains, and many other 
places."* And in the narrative of Lieutenant-Colonel Emory, coal is 
mentioned as occurring between Fort Bent, on the Arkansas River, and 
Sante Fe to the north and south of the Raton Pass. One bed seen to the 
northward, at Captain Sumner's camp, is described as an immense fielfl, 
the seam which cropped out being 30 feet thick. Another noticed by 
Colonel Emory, was seen on the banks and near the head-waters of the 
Canadian River, about north latitude 36° 50', on the 7th August, 1847.t 

It is in the reports of Messrs. Meek and Hayden, and in the numer
ous papers which these gentlemen have published from 1857 to 1861, 
that we obtain the first positive data, not only on the goology and 
paleontology of the Lignitic formations of the north, but, also, on the 
distribation and value of their beds of combustible minerals. The pro
ceedings of the Academy of Natural Sciences of Philadelphia, May, 1857, 
have a very interesting account of the Tertiary and Cretaceous of N e
braska, by Messrs. Meek and Hayden. The sect.ion, page 8, marks the 
relative position of eight beds of lignite underlaid by a compact sand
stone 30 feet thick, which directly reposes upon No. 5 of the Oretaceous. 

In the same year Dr. F. V. Hayden has a map with sections of the 
country bordering the Missouri River, accompanied by explanations 
aud documents of the highest interest. This work embodies the results 
of three years' explorations by the author in the Northwest. It 
marks the outlines of the great Lignitic Tertiary at the south from 
the Upper Smoky Hill· Fork of the Kansas River, to above White 
Ri\Ter, or the South Fork of the Che~renne; and at the north on both 
sides of the Missouri· River from below ]'ort Clarke to the Muscleshell 
River, the north limit marked by British America, and the southern by 
the bead-waters of Cherry Oreek and the Black Hills. The author esti
mateR the area of this north basin at four hundred miles in length and 
one hundred and fifty miles in width, or at about sixty thousand square 
miles-an estimate which he- rightly considers as too low. From this 
ti:me to 1861 the papers of Messrs. Meek and Hayden, mostly relating to 
paleontology and geology, do not furnish any materials for this part of 
my rcsearches.t 

" In a letter of Don Manuel Alvarez, May, 1847, quoted by Taylor, Zoe. cit. 
t R. C. Taylor's Statistics of Coal, p. 220. 
t In order to show the amount of work performed at that time to prepare the knowl

edge which we have now obtained on the geology of the Western Territories, and to 
direct the researches of those wilo are interested in the subject, I give here a mere 
catalogue of the memoirs published by Messrs. Meek and Hayden, from 1857 to 1861: 

May, 1857.-Proccedings Acad. Nat. Sci., Phil.: On the Tertiary and Cretaceous 
formations of Nebraska, &c. (F. B. Meek and F. V. Hayden.) 

May, 1857.-Loc. cit.: Notes explanatory of a map and section illustrating the geo
logical structure of the Upper Missouri, &c. (F. y_ Hayden.) 

June, 1857.-Loc. cit.: Notes on the geology ofthe Mauvaises TerresofWhiteRiver, 
NAbraska. (F. V. Hayden.) 

March, 1858.-Trans. Allmny Inst.: Description of new organic remains from North
eastern Kansas Permian. (Meek and Hayden.) 
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The geological report of Dr. F. V. Hayden on the exploration of the 
Yellowstone and Missouri Rivers, under the direction of Captain Ray
nol<ls, (185D-'GO,) publishe<l in 1869, gives besides the details on the 
geology of the country, some interesting data on the distribution of the 
lignite-beds. The more important are as follows: 

In the great Lignitic groap of Fort Union, local deposits oflignite as mar keel in gen
eral section of the rocks of Nebraska, p. 29. In section 2, froru tho Blaek Hills to the 
Yellowstone Hiver, eight beds of impure lignite varying in thickness from ~~ incbcs to 
3, 4, and 5 feet. Sections 3 and 4 have two beds of impure lignite with only one lwd 
of lignite more or less pure, divided by layers of clay. Section 5, p. 52, on Powder 
River, indicates on a thickness of 356 feet of strat.a, thirteen beds of lignite mostly thin 
and cla.yey; one of them, however, No. 11, is 7 feet thick and quite pure. Two other 
sections in the same couutry mark beds of lignite more or less impure, generally 
parted iu thin layers by clay-beds, and therefore of little value. Up the Yellowstone 
Valley Dr. Hayden mentions, near the mouth of tlw Rosebud Creek, a lignite-bed 5 feet 
thick. c: Three hundred yarus above, it separates into two pa1·ts, 2 to ~t feet each, witll 
6 to 8 feet of arenaceous clay between. Five hm1tlred yar<ls farther, the two beds 
begin again to unite, there being about 6 inches cbocolate·clay between them. The 
lignite is quite pure." From the Big Horn to the union of the Yellowstone with the 
Missouri, the lignite-beds occupy the whole country with the exception of the purtion 
already described aufl a distance immediately on the river of about seven miles called 
Shell Point. The lignite-beds are well developed, and at least twenty to th1rty seams 
are shown, varying in purity and thickness from a few inches to 7 feet.* 

In the records of a journey to Pumpkin Buttes and the sources of tue 
Cheyenne River, Dr. Hayden remarks that tlw whole region from the 
Platte to Pumpkin Butte is coYered with the true lignite formation, cou
taining nmnerous beds of liguite more or less pure. The section of the 
buttes tis remarkably like that of the Gebrung coal in Colorado, with 
conglomerate lJeds at its top, underlaid by alternate layers of impure 
lignite, clay, and thin beds of sandstone, the whole measuring 128 feet. 
The section at Gebrung's is 426 feet. After this are seen, sloping down 
to Powder RiYer; similar rocks with some thick beuR of lignite, from 6 
to 8 feet in thickness. Near the junction of Suake River we find iu the 
same report the Tertiary beds preYailing to a grPat extent, and in a 
section of 80 feet six or eight seams of impure lignite which has ignited 
in several places. 

Mm·ch, 1858.-Proceedings Acad. Nat. Sci., Phil.: Description of new organic re
mains from Nebraska. (I\lcek and Hayden.) 

Jun e, 1858.-Loc. cit . .: Explanations of a second edition of a geological map of Ne
braska and Kansas, &c. (F. V. Hayden.) 

November, 1858.-Report on collections obtained by the expedition under command 
of Lieutenant G. K. Warren. (F. V. Hayden.) 

Deuembcr, 1858.-Proceedings Acad. Nat. Sci., Phil.: Remarks on Cretaceous beds of 
Kansas and ~ebraska, &c. (Meek auu Hayden.) 

January, 1H59.-Traus. Saint Louis Acad.: On the so· called Triassic rocks of Kansas 
and Nebraska. (M<•ek and Ha.yd~n.) 

Decembe1·, 1858.-Proceedings Acad. Nat. Sci., Phil.: Remarks on the lower Creta
ceous beds of Kansas and Nebraska.. (Meek and Hayden.) 

Janum·y, Hl59.-Loc. cit.: Geological explorations in Kansas Territory. (Meelr and 
Hayden.) / 

May, 1860.-Loc. cit.: Description of new organic remains from the Tertiary, Cre
taceous, and Jurassic rocks of Nebraska. (Meek au d. Hayden.) 

October, 1860.-Loc. cit. : Catalogue with synonyma, &c., of the fossils collected in 
Nebraska by the exploring expedition under Lieutenant G. K. Warren. (Meek autl 
Hayden.) 

January, 1860.-Am. Jour. Sci. and Arts.: On a new genus of Patelliform shells 
from the Cretaceous of Nebraska. (Meek a,ud Hayden.) 

Marcl1, 1861.-Loc. cit. : Sketch of the geology of the country oftbe head-waters of 
the Missouri and Ycllmvstone Rivers. (F. V. Hayden.) Followed in December, 1861, 
in Proc. Acacl. Nat. Sci., Phil., by descriptions of new species of fm;sils collecteu in 
the same exploring expedition of Captain W. F. Raynolds. (.Meek and Hayden.) 

* Loc. cit., p. 59. 
t Loc. cit., p. /3. 
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The geological notes of Dr. C. M. Hines, in the same report, mention 
beds of lignite in a number of sections in the same eountry; the thick
ness and quality of the material are not given. He says, howm'er, of the 
beds on Tullock's Creek, that the lignite in this vicinity approaches 
more nearly to coal, and, the beds increase in depth ; of those of Clear 
Fork of Powder River, that the outcrop of .lignite is of better quality 
than any before seen, and that for some distance above the first camp 
on the Clear Fork to the junction with Powder River proper, there is a 
thick outcrop of lignite of the depth of 6 feet and upward, somewhat 
resembling Cumberland coal, but of looser texture and containing less 
bitumen. Eight miles below the camp, this coal was seen to be on fire. 
Considerable smoke issued therefrom, having a strong· sulphurous smell. 
"The heat at this point was so intense that we could not stand with com
fort within 20 feet from whence the smoke issued. A thick laver of 
sandstone lying immediately above it was completely calcined." ~ 

Passing from the northern part of the Lignitic to its southern division, 
extending along tile base of the Rocky Mountains from the Black Hills 
to New Mexico, we have, especially on the lines of the different rail
roads, detailed records on tile coal-strata, mostly made with care by 
competent geologists. I ha·ve already quoted the most interesting of 
these reports: Notes on the Geology from Smoky Hill River to Rio 
Grande, by Dr. John Leconte, February, 1862, soon followed by the 
preliminary report of Dr: F. V. Hayden, on the United States Geolog
ical Survey of Colm·ado and New J\iexico, 1869. As my own explora
tions have been directed on about the same ground surveyed by these 
geologists, I shall now make use of my own notes on the distribution of 
the coal, using, however, former reports, either for comparison or for 
references for the sections of country :which I have not visited. 

§ 2. THE NEW MEXICO LIGNITIC BASIN. 

In the·Raton and south of these mountains, Dr. F. V. Hayden* men
tions, near the toll-gate south of Trinidad, a bed of coal 4 feet thick, of 
excellent quality.t Near the Vermejo Creek, six beds of coal are 
marked in a section of the same report, one of the beds from 6 to 10 
feet thick, and another, the lowest, 4 feet. Dr. Hayden remarks that 
the coal of that vicinity is equal to any ever discovered west of the 
:Missouri River, except that of the Placiere Mountains of New Mexico. 
Of this last bed, which has been partly transformed into anthracite by 
the immediate contact of a large dike of volcanic rocks, this geologist 
gives a detailed section, marking its thickness at 5 to 6 feet on the 
northwest side of the Placiere Mountains, at a distance from the dike 
and where the lignite has not as yet been disturbed and changed by 
beat. At another place in contact to the dike, the lignite (anthracite) 
js a little more than 3 feet thick. Of this same bed Dr. Leconte bas a 
section (Zoe. cit.) indicating 4 feet of anthracite, with a lower bed of the 
same material, of which 14 inches only could be seen, the bottom being 
covered. ln his report, too, for the survey of the Union Pacific Rail
way, the same geologist mentions: First. A bed of lignite 3 feet thick, 
4 miles south of the toll-gate of the Raton Pass. Second. Another bed, 
8 feet thick, five miles south west of the same place. Third. The lignite
beds of the Vermejo Canon, visited with General Palmer, where, in a 
section of 27 5 feet, we find marked two beds of partly poor coal, 
respectively 10 and 15 feet thick, and two beds of excellent lignite, each 

* Geologicnl Report, 1869. 
t Tbis coal is also reported Ly Dr. Leconte; Notes on the Geology, &c., p, 21. 
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5 feet thick, separated only by 10 inches of slate. Coal-beds of the 
same kind are seen in the same "Vicinity: in Blackmore Calion, 
where the lignite, not fully exposed, is reported 10 feet thick, and in 
the Bremer Canon, immediately south of the Vermejo Valley, where a 
number of outcrops, mostly obscured lJy land-slides, were seen, indicating 
at least 4 feet of good coal. Fourth. Lignite-beds in the valley of the 
Rio Puerco, twenty-eight miles southwest of Albuquerque, with an 
exposure of 5 feet. Fifth. The lignite-beds from •:which the fuel for 
Fort Uraig is obtained, nine miles east of Don Pedro, whose section 
indicates a thickne8s of 5~ feet of coal with two clay-partings of 3 inches. 
Besides this, Dr. Leconte was informed that a good bed of coal exists 
near the town of Limitar. 

General ,V, M. S. Palmer's report of surveys across the continent in 
1867 and 1868 completes the records on the distribution of the lignite
beds south and west of the Raton Mountains by the following informa
tions: The coal of Tijeras Canon, at a short distance northeast of the 
town, has been found. 4~ feet thick and traced by Mr. Holbrook, division 
engineer, for a distance of 2,000 feet· by sin king small shafts along the 
vein. A valuable seam bas been discovered near San Felipe, (thickness 
not indicated,) within twelve miles of the Rio Grande. Coal also is 
reported in the Pecos Valley, five miles above Anton-Chico. On the 
Cimarron route of the railroad a large vein of coal, apparently 14 feet 
thick, bas been reported by Dr. Steck, and at a nnm ber of place~, similar 
coal or lignite beds are mentioned in the same report, without indication 
of thickness. On both sides of the Rio Grande, numerous beds of 
]ignite (named bituminous coal) are found near Dofia Ana and 
Mesil1a, and others still are reported west of the Rio Grande, one three 
hundred miles from Albuquerque, by Dr. Newberry, who saw near 
the Moqui villages a bed 12 feet thick; another by Dr. Parry, who 
saw a bed 4 feet thick on the Zuni Pass, near Pescado Springs; and 
still, by t!Je same geologist, many beds of lignite about thirty miles 
west of the Rio Grande, in the Sarocino Calion, varying in thickness 
from 3 to 4 feet. A number of localities where lignite-cual bas been 
reported ou the different lines proposed for the railroad are still men
tioned in General Palmer's report. But this already gi,res us sufficient 
proof of the producth-eness of the great Liguitic south of the Haton 
1\fountains, and in countrie!S still unexplored where the mineral deposits 
are as yet mostly uu known. 

The lignite-beds in the vicinity of Trinidad have as yet been scarct>ly 
opened. Some coal is hauled to the town from the base of the Haton 
Mountains, on the road of the Haton Pass, where, as already reported in 
section, the lowest beds have a thickness of 4-feet or more. According 
to the information received from persons well acquainted with the 
country, there is a great deal of coal all around the town; so much, 
indeed, that everybody can take it and haul it for their own use when
ever they like and without paying for it. As there is still an abnndance 
of wood, pine and juniper, in the country, and a limited population 
without railroads, the demand for coal is very limited indeed. But 
there is for the future a reserve which already demands careful investi
gations and a sagacious investment of money, especially by the com
panies of railroads in process of construction to the south. This is 
especially the case in regard to the Lignitic deposit oYerlaying the 
Eocene sandstone from Trinidad to the foot of the Spanish Peak. A 
number of beds of lignite have been already reported from this basin; 
near Gray's 1·ancb, a stage-station; near Chicosa, twenty miles north 
of Trinidad, &c., &c. The coal there, being considered as of no yalue 
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whatever, has not been looked for, and the numerous outcrops remarked 
in the hills h~we not been tested. The lignite of this part of the country 
appears, however, of remarkably good quality, even richer in carbon 
than the Raton coal, and compact enough to give good hard coke by 
distillation, au important quality which has not as yet been recognized 
in any of the Tertiary lignite, except in the Placiere anthracite. The 
analysis of the lignite of Chicosa is· given hereafter in a comparative 
table. 

In resuming the remarks on the lignite of the country, it is allowed 
to conclude that from positive evidence there is along a nearly direct 
line from Pueblo to Santa Fe, and for a distance of more than three 
hundred miles, such a richness of combustible mineral in the Eocene 
lignite-beds as may be sufficient for the future demands of a large 
population. The supply of coal on that line can be considered from all 
appearances as inex~austible. 

§ 3. THE COLORADO LIGNITIC BASIN, FROM PUEBLO 1'0 CHEYENNE. 

A separated number of this great basin, or rather an isolated area 
spared by the work of denudation along the base of the Hocky Mount
ains, is the small Lignitic basin in the Arkansas Valley~ east of Uaiion 
City. Its exact productiveness is not as yet ascertained. The report 
of 1\fr. Nelson Clarke, already noticed, says that tlw coal-yielding rocks 
contain at least nine seams of lignite, varying in tllickness from 6 inches 
to 8 feet: "two seams at the south, close to the range, are respectively 
6 and 7 feet thick and but 50 feet apart; at the north, on the river, they 
are but 2 and 4 feet thick and at least 150 feet apart." The lowest of 
these seams of coal is known as the Canon City coal, now the land 
property of the Colorado Improvement Company. The coal is 51 inches 
thick, black, compact, uniform in color and compound, separating in 
large cubic blocks by cleavage, and from appearance not liable to disin
tegration by atmosplleric influence. This coal was already known and 
in demand fer blacksmiths even at Denver, though "before the build
ing of the Denver and Rio Grande Railroad, the cost of transporta
tion was very high. vVhen I passed the place the branch of the rail
road from Pueblo to Canon City was not yet finished and the lignite 
was hauled to Pueblo for the use of the railroad at the cost of $5 per 
ton. Now it is already shipped from the newly opened mines at the 
rate of about one hundred and fifty tons per diem. Borings are in pro
cess at different ·places to ascertain the thickness and continuity of the 
veins. From what is known as yet, this small basin has a productive 
capacity which will afford combustible materials for a length of time. 

The bed of lignite formerly mentioned as the Gehrung's coal, at the 
base of the Colorado pinery, does not promise well for future demand. 
It is too thiu, only 2 feet thick, too friable, and, as worked now, the 
mine is subject to inundation in high water. It can, however, be found 
improving in thickness and quality to the south, where sbafts could be 

' sunk at a distance from the river. But abundance of combustible ma· 
terial is now easily and cheaply procured by railroad, and the cost of 
building a shaft and of worldng the coal would be above the value of 
lignite of iuferior quality from a bed less than 4 feet thick. 

The Eocene formation so largely developed along the Rocky Mount
ains, from the North Fork of Platte River to Cheyenne, will be for a long 
time to come the essential magD zine of combustible, wherefrom an 
abundance of excellent materi:1ls will be supplied to the railroads, and 
the already large population of the country. If some of the opened 
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veins do not yield now as largely as it was at first expected, the reason 
is especially in the want of good management in the mining, provoked 
by unprofitable working. Here, as everywhere, coal mines have been at 
first considered by the proprietors as true gold-mines, whose posses
sion was to bring immediately splendid profits by exploitation. Lignite
beds have been opened everywhere, even far from a good market, 
and against great difficulty of transportation, &c. ~..,or many, the 
result has been disappointment, neglect of the working of the veins, 
and even their total abandonment. Now railroad branches have been 
built or are in process of construction from Denver, or from the Denver 
and Pacific Railroad- to the moRt important coal-deposits. Tlte supply, 
already fully equal to the demand, is increasing every day; and if noth
ing is done by the proprietors to moderate it, they may find a new cause 
of loss in the superabundance of coal mined for an overstocked market. 
This excitement might be dangerous for the future, if the lignite-beds 
already opened or worked were not thick and over extensive areas. 
But what is known of the productiveness of the Lignitic measures of 
this country indicates, indeed, an immense reserve of ~ombustible ma
terials. 

Most of the lignite-beds exposed along the creeks of this section 
have been tested. Dr. Hayden* notices a coal-bed opened and worked 
to some extent near the canon of the South Platte, and two beds now 
covered with loose materials, in all ~feet of lignite separated by 2 feet 
of clay. The coal is not very good, and bas not been used fur years. 

Going north, and before reaching Golden City, the first coal-vein seen 
opened is at "'Vheeler and Johnson's mines, near Green Mountains, 
one mile east of Mount-Vernon. The coal is 7 feet thick; not of very 
good quality. Tllen, tllree miles east, the Rowe coal-bank, 6 feet thick, 
of a better quality tllan the former. This vein, which is noticed in Dr. 
Hayden's report, 1869, dips east61°; is very accessible, and not troubled 
with much water. It bas furnished, up to 1868, about two hundred and 
fifty tons of coal, but is now idle for want of good communication.t The 
coal-veins of Golden City, three miles north of the Rowe mines, are now 
opened at five different points, the lignite-beds varying in thiclmess 
from 5 to l 1, even to 14 feet. On the shaft near the railroad-line, the 
coal, 7 to 11 feet thick, is nearly vertical. Half a mile from this, anotlwr 
shaft 70 feet deep works the same bed, also nearly vertical, 9 to 11 feet 
of solid, very good coal. This vein of coal bas been traced and opened 
from Rowe'::; coal-bank, five miles southwest of Golden, to a point seven 
miles north of Golden, and tapped in' eleven different points without 
discoyering as yet any appearance of failure in the vein. In what is called 
the Golden City coal-mines, the vein is opened at three different places, 9 
to 14 feet thick, and has been worked continuously since 1865. It was 
discovered 1861-'62. The mines have furnished as yet about eight 
thousand tons only, and are worked at an average of thirty tons a day. 
The dip varies from 650 to 71 o south west. 

At tile Johnson's coal-mine, half a mile southwest of Golden, the vein 
is mined 9 feet thick, to a depth of 90 feet. And at Welsh & Com
pany's coal-bank, one-third of a mile south of the former, the vein 
worked is 5 to 7 feet thick; dip, 71° southwest; and five veins of lignite 
are seen there. parallel to one another and of various thicknesses. 

Following north ward the same lignite-strata, which, as said above, 

* Report, 1869, pages 37 and 38. 
t These precise and >aluable informations on the lignite-beos of Golden and of the 

country around are due to t.he kindness of Mr. E. Berthoud, civil engineer at Golden. 
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have been tested and recognized continuous, we find them opened on 
the Ralston Creek, at Murphy's, five miles north of Golden, where the 
vein, nearly vertical, averages in thickness 16 feet of solid coal without 
parting of any kind. Eighteen thousand tons of lignite have been 
taken from this mine since it was opened. 

Half a mile south of Murphy's, the Mineral Land Company has opened 
the same vein, 9 feet thick, also without parting, but contorted in its 
uplift. The lignite is of the same quality, but the bed has not ;yet been 
WGrked to any extent. 

North of Ralston Creek to Marshall, the lignite is not worked now. 
But, as it bas been already remarked, in the banks of all the creeks 
which, descending from the mountains, have dug their beds thr~mgh 
the Eocene format,ion, beds of ·lignite varying in thickness from 5 to 
9 feet are exposed; some of them already tested have been worked 
formerly to some extent. The conclusion, therefore, on the continuity 
of the Lignitic basin from south of Golden, even from the North Platte 
to Boulder Creek, is fully warranted. It is, in a direct line, a distance 
of fifty miles, ancl even, as beds of lignite have been reported from 
Thomson Creek and Cachala Poudre River, the continuity of the Lignitic 
beds may be admitted for fifteen to twenty miles further north. The ex
tent of the basin from east to west, or its width, is not as yet ascer
tained. In the space limited between the primitive rocks and the 
basaltic dike, where the strata are thrown up nearly perpemlicular, the 
amount of coal can be computed only from the depth attainable in the 
working of the mines. The length of this area from the Rowe mine to 
Coal Creek is about fifteen miles. Thence northward, as the strata 
take their normal horizontal position, the lignite-beds appear to be 
continuous from the base of the mountains to the Platte, or for about 
fifteen miles from west to east. I have no doubt that beds of lignite 
can be found further east by shaft, as they have been found east of 
Denver, on the Kansas Pacific Railroad. But as the quality of the 
lignite deteriorates in proportion to the distance from the mountains, 
the combustible mineral would be there of little value, especially while 
an immense amount of lignite of good quality is as yet untouched in 
the valley of Boulder Creek. The section at Marshall's indicates 63 feet 
of coal in a thickness of 500 to· 600 feet, seven of ·the beds varying in 
thickness from 4 to 14 feet, the lowest one now worked, 10 feet. EYen 
fi·om Marshall's estate little coal has been taken out till now, on 
account of the difficulty of trq,nsportation. From information kindly 
given by the proprietor, the mining amounts to about twenty-five tons 
per day, while, with the facilities of railroad transportation, the same 
mine could be worked in a way to furnish at least three hundred tons 
per day. 1\'Iost of the coal of this country is obtained from the Erie 
mine, fourteen miles southeast of Marshall's, where the bank is 8 t~ 10 
feet thick. The land is the property of the Kansas Pacific l{aHroad, 
which bas a branch railroad to Boulder City, and, of course, preserves 
tbe monopoly of transportation. They take out of the mine an average 
of two hundred tons daily. A railroad is now in progress of construc
tion from Julesburg·b to Golden, traced through the rich Lignitic depos
its of the Boulder Valley, and passing three miles east and north of 
Marshall's. This railroad, of course, will change much the proportion of 
coal mining from different localities where· lignitic coal is obtained, 
bringiug to market the material in quantity relative to its quality. 

The facility of transportation may not be at first an advantage to the 
proprietors on account of the greater competition in the market, the 
demand as yet not ueing considerable enough to justify explorat,ions of 
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large extent. The consumption from Denver and cities around is esti
mated at about four hundred tons per day. The lignite-bank of El'ie 
ean supply, for an inc.lefinite time~ the demand of the Kansas Pacific 
Railroad, while the Denver and Rio Grande Railroad has now a full 
supply from the Calion City coal-bed, and a large overplus left for the 
Denver market or any other on its line. 

lt is evident, therefore, that there is for the present more danger of a 
glutted market tban of a scarcity of combustible material, and that for 
the future the settlements in the valley of the Rocky Mountains, and 
especially along their eastern base, may rely on a permanent and clleap 
supply of coal. I should admit the same conclusion even in considering 
that the settlements along the Kansas Pacific Railroad from Den
ver to the limits of Kansas will have to get tlleir fuel from the same 
source. The estimate in tons of the average productiveness of a bec.l of 
bituminous coal of the old measures, is generally marked at one million 
of tons per foot of thickness in one square mile. Counting a single bed 
of lignite of the Boulder Valley at 9 feet thick, extended over a surface 
of only twenty-five square miles, what should we find~ Deducting one
fifth for difference in density between bituminous and lignite coal, or 
admitting only eight hundred thousand tons per foot of thickness in a 
square mile; deducting still from this amount one-half for drawbacks 
in mining, the result would be four hundred thousand tons per foot of 
lignite in a square mile, or for 9 feet three million six hundred thou
sand tons, and in an area of twenty-five square miles, ninety millions of 
tons obtainable from a cornparati vely limited extent of the Lignitic basin. 
Though I believe that this estimate is below the reality, calculations of 
this kind can never be positively reliable, and should be admitted with 
due caution. It is, however, of the greatest importance for the pro
prietors, and for the consumers too, to positively know the capacity of 
the lignite-beds, in order to regulate the mining, and to fix ra~es of 
price advantageous to both parties. 

§ 4. THE LIGNri.'E-DEPOSITS ALONG THE UNION PACIFIC RAILROAD 
FROM CHEYENNE TO EVANSTON. 

The distribution and capacity of the lignite-beds of this section have 
been reported already in considering the geological distribution of the 
Eocene formation. ~rhe essential supply of coal, either for the railroad 
or for the demand along its liue, has been, and is still, obtamed from 
Carbon, Rock Springs, and Evanston. The bec.ls of lignite at Carbon 
are distributed in three separate basins of limited extent. Two of 
these have furnished already abundant materials, being mined since the 
beginning of the construction of the railroad. No data ha,Te been 
obtained sufficiently precise to allow an estimate of the productive 
capacity of the Lignitic strata there still obtainable for exploitation. 
The superintendent of the mines remarks that the coal is difficult to 
work, being unreliable and cut by faults and irregularities. MoreoYer, 
the mine has been ig-nited by spontaneous combustion of the slack coal, 
and been on fire for a length of time. Now the amount of coal obtained 
from Carbon is about three hundred tons daily. 

At Rock Spring the vein of lignite is still thicker than at Carbon, 
and the material of very fine quality. Jt has been, and is now, mined 
in the same proportion as at Carbon. The productive capacity of this 
basin is still ver.f great, especially considering the amount of coal which 
could be obtained from lower beds by shafts. The area covered by the 
upper bed is, however, limited, and as this bed is now mined by three 
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differ~nt companies, the supply of its excellent material cannot be relied 
upon for a great length of time. 

At Evanston the enormous thickness of the coal seems to promise, 
for many years, an abundant supply of materials. But here the thick
ness of the clay-partings and the dip of the beds cause great diffi
culty of mining. A part of the bank has to remain for roof, another 
part is lost by slack in the separation of the parting, and this bed, which 
is also of limited extent, has to supply, on one side, the Union Pacific 
Uompany, by the Wyoming Oompaus·, and on the other, the Central Pa
cific Railroad to San Francisco, by the Rocky Mountain Coal and Iron 
Company. Tllis last company's mining amounts to five hunded tons. 
per day in the average; that of the other, to three hundr<'d tons. 
Besides this, beds of lignite have been opened by private enterprise at 
divers places, and are worked to a limited extent, especially at Black 
Buttes and Hallville. TlJese and the already reported lignite-beds of 
Point of Rocks, Creston, and Washakie, promise .some further supply 
for the future, and I have no doubt that a number of valuable deposits 
may be still discovered in the Lignitic basin at a short distance and on 
both sides of the railroad. It is, nevertheless, certain that if the coal 
is not carefully husbanded along the Union Pacific Railroad, there will 
be great difficulty of obtaining a large supply in a short time to come. 
The present production of the mine of the Wyoming Coal Company is 
about ten thousand tons per month, while the consumption of coal by 
the Union Pacific Railroad averages about ninety thousand tons per 
year. 

§ 5. CONCLUDING REMARKS. 

The loss of materials by mining the lignite-beds of the Rocky 
Mountains is especially caused-

1st. By the uifficulty of sufficient roofing, on account of the scarcity 
and of the high price of the timber used for that purpose. At Rock 
Spring, a post six feet long by four inches in diameter costs oue dollar. 

2d. By tile want of good reliable miners, who cannot be induced to go 
and live in such a rough and unsettled country but by a higher remu
neration comparatively to tile value of the work. 

3d. By the great amount of slack, caused either by carelessness in 
mining a substance less hard and compact than true coal, or by uisinte
gration from the walls and roofs in the mines under atmospheric in
fluence. This slack or small coal is always difficult to dispose of, and 
dangerous too, being subject to spontaneous ignition, either in the 
mines or out of them. The superintendent of the Carbon mines, 1\fr. 
Williams, informed me that it was by neglect of the miners, who were 
on a strike, and during his absence, that the slack was iguited in some 
part of the miues, which have continued on fire ever since. 

Tbe uncertainty on account of a future sufficient supply of good lig
nite along the line of the Union Pacific Railroad, an_d tbe constantly 
increasing demand of tllis material for the Utah settlements, for towns 
and stations along this railroad from Omaha to San Francisco, even for 
the California markets on the Pacific, should induce researches by bor
ings and detailed explorations for the discoveries of new deposits of 
lignite, and espeeially a more careful economy in mining. The im
provement of tbe quality of the matter and the disposal of even Hs 
small parts, the slack, should be attempted by repeated experiments. 

Experiments of tllis kind have been made long time ago in Europe, 
and the small coal, which by atmospheric influence soon becomes lost 
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into dust, bas been profitably used by mixing it with a certain proportion 
of moist clay. The same method has been tried in the l.Jebigh anthracite 
region of Pennsylvania, where the coal is comparatively of far less value 
than the lignite of the Rocky Mountains, and large, expensive machinery 
bas been erected for that purpose. As yet these experiments have 
proved a failure, or, at least, have not given remunerative results. The 
mixing of clay, or of any other mineral incombustible cement, cannot 
improve the material, especially not when, as is the case with the lignite, 
the heating power of -the matter in its purity, is not always as strong 
as required by enginery. It seems very probable, however, that the 
admixture of bitumen with small coal either pulverized or in pieces of 
moderate size, should, by compression of the paste, furnish an excellent 
combustible material. The bitumen, of course, should be obtained or 
reduced to the consistence of a kind of glue. I wonder that, with the 
immense amount of bitumen stored in the black shale of the Green River 
group, no trial has as yet been made by some company for the applica
bility of this material. Thick 'beus of these black shales are exposed 
all along tile railroad from Rock Springs to Bryan and farther. And 
some of them are impregnated with so much bitumen that, as I haYe 
said already, the matter is percolating from them through the under
lying sandstone. Though the shales uo not consume, they are often 
used for fuel by the settlers. The coal of Elko Station was for a time 
burned in locomotives in tile Utah Valley, and this coal is nothing but 
black shale of tile same Green Tiiver formation. A few experiments, 
which \Yould cost comparath•ely little, would settle this important 
question, and I truly belieYe that the result woulu be successful aud 
would confer immense advantage on the people at large interesteu in the 
coal-supply of the Rocky Mountains, and still more on the railroad and 
the instigators of such an enterprise. Nature has done nothing in vain; 
this truth cannot be too often acknowledged. This bitumen of the 
black shale is a complement of the as yet untinished work of the lignite 
matter. It depends on the ingenuit.r of man to render it, what it should 
be, fully appropriate to the wants of that population which is crowd
ing in-that, as yet, undeveloped region. 

I do not think, however, that without this improYement of its mat
ter, the lignite, as it is, is inadequate to the present necessity .. For the 
Rocky Mountains, however, the present is nothing in proportion to the 
promised future. 

In comparing the value of the lignite for heating power, a great number 
of analyses lla\e been made, and, of course, tile results arrived at ha\'e 
not always proved rP-liable. All the lignite, and the coal, too, contain 
more or less water, in a degree relatiYe to the progress of decomposition 
of the woody matter. In proportion as this decomposition advances the 
amount of water diminishes, and the compactness of the coal increases 
with its proportion of pure carbon. It is therefore admitted, as a general 
rule, that the value of a combustible of an,v kind, or its heating prop
erty, is proportionate to its density. The density for the combustible 
minerals is sometimes increased by an amount of earthy matter, easily 
recognizable in tlte proportion of ashes. In. our lignite of the West this 
exceptionable case is not often remarked, and the 1ignite-bedsoftbeRocky 
1\Jonntains generally give a material of good quality, weighing in the 
average one·fifth less than the best coal of our old Carboniferous meas
ures. Local differences are remarked, of course, but, as I said above, 
mostly resulting from the degree of carbonization of the w<ilody substance 
·wbich appears to haYe been increasett by the influence of the primitive 
rocks according to tlleir proximity. It is for this reason that the quality 

24 G S 
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of the lignite becomes impaired at a greater distance from the mount
ains, in beds of the same age. 

The companies and proprietors of lignite-beds make constant inquiries 
of the possibility of reducing or smelting iron ore with their coal. I 
think that this could be done with lignite, producing good hard coke, 
which then could be used as charcoal. But scarcely any of the lignites of 
the \Vest have been as yet so far dep1ived of water that their bulk may 
be left compact by combustion. I know only of the Placiere anthracite, 
(lignite,) and of the Chicosa coal, as having given such result; aU the 
other lignite giYes dust-coke. In confirmation of this a~sertion, and to 
end this subject, I append a few analyses made from specimens selected 
by myself as representing the average value of the beds where they 
were obtained. These analyses ha-ve the merit of being carefully maue* 
aU with the same process and by the same chemist, and therefore ofl'er 
perfectly reliable points of comparison. They complete the tabl~ of 
analyses given by Mr. James '1'. Hodge in his excellent paper on the 
Tertiary .coal of the Rocky Mountains. Put in opposition, as they are 
here, they present a reliable account of the essential compounds. and of 
the comparati-ve Yalue of the more important deposits of our western 
lignitic coal. It is to be regretted that no more care is given to the 
preparation of documents of this kind. Comparative analyses should 
be made by the same chemist, and the result published under a well
known authority, to prevent frauds or impositions by the publication of 
misrepresented or often false statements. 

Analyses of coals by Mr. C. Leo Mees. 

Nnmberofsample ......................... 1a. 1c. 2. 3. 1 4. 5. 1 6. 
Specific gravity............................ 1. 315 1. 304 1. 2303 1. 26 1. 288 1. 2i3 1. 315 

:::=::=.======================================== 
Moisture ................................... 8.10 6.10 6.25 1.15 5.40 12.90 1 0. 90 
Ash ............ __ . ___ .. _____ ....•. _ .... _. _ 5. 55 5. 80 9. 55 4. 20 3. 50 2. 00 

1 

20. ::lO 
Y?latile comlmstible matter ....... _ .. _ .. __ 34.7Q 38. eo 31.75 37.05 36. 40 39.10 2~. 53 
Fn:e{l carbon ... _._ ....................... _ 51. (l., 49. 30 52. 45 57 60 54.70 46. 00 5.,. 40 

1oo. oo ! 1oo~- 1oo. oo- 1oo. oo 1oo. oo 1oo. oo 1 1oo. oo 

~ in coal. .............. -- - - - . - - ... - 0. 91 0. 917 0. 941 0. 851 0. 782 0. 576 0. 906 
Sulphur rema~ning in coke ... _ .......... _ 0. 22 0. 343 0. 439 0. G17 0. 31:!4 0. 302 0. 522 

formmg p er cent. of coke ... -... - 0. 385 0. 623 0. 708 0. 99') 0. 66 0.512 0. 688 
:Fixed gas, cubic feet, per pound of coal.. __ ~- 929 3. 926 3. 61 4. 21 4.327 4. 088 3. 24 
Cbarar-ter of coke ........... ............. .. Pulv. Pnlv. Pulv. (*) Pulv. Pulv. Pulv. 
Color of·ash ............................... _ Gray. Gray. White. Gray. Yel'w. Fawn. Gray. 

REGIRTER OF SA)IPLES.-1 n,, Carbon, Union Pacific Railroad; 1-c, Carbon, Union Pacific Railroad. 
2, Rock Springs, Union Pacific Railroad; 3, Fifteen miles north vf Trinidad, New Mexico ;•4, Canyon 
City, Colorado Territory; 5, Colorado Spring~, Gehrung; 6, Raton Mountains, New Mexico. 

CoLullmus, Omo, January 20-25, 1873. 
* Hard metallic. 

* By a young friend of mine, already an experienced ch~mist, Mr. Leo Mees, of Co
lumbus. The analyses were made in the laboratory and under the supervision of Pra
fessor Warmly. 
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.Analyses of coals from the Rocky .Mountains by J: T. Hodge. 

.g~ ~ ~ 'dd 
Localities. ·s·~ ~ ~ oo 

Description. ~ cil :.-..f> 
Ocil cil 0 ~@ ~ .... 1:!: OObll ~ I p. Q 

------
Go1den City, Colorado Territory, 

Gray ash. a\erage of three analyses ....... 1. 35 13.22 3. 91 35.95 46.57 
Murphy, Ralston Creek, Colorado 

Orange-color ash. Terrify, a\eraTie of three analyses 1. 345 13.81 5. 31 35.88 44.44 
Marsllall 's, Bou der County .••.... 1. 33 12.00 5. 20 33.08 49.72 Gray ash, light bulky. 
Briggs, Bouldrr County ........... 1. 27 14.80 3. 4(\ 34.50 47.30 Orange-color ash. 
Bakers, Boulder County .......... 1. 32 15. ()() 3. 85 30.50 50. (i5 Oliv(i)-brown ash, hard & tongh. 
Carbon, Wyoming Territory ...... 1.33 6. 80 8. 00 35.48 49.72 Light-gray ash, nearly white. 
Hallville, Wyoming Territory, up· 

12.12 29.75 Gray ash, smoke whitish. P"r bed ......................... 1. 32 3. 76 54.37 
HallYille,Wyoruing Territory, low-

13.26 29.46 52.41 Yellowish-gray ash. er bed ........................... 1. 32 4. 87 
Van Dyke, 'Vyoming Territory ... 1. 27 8.12 2. 00 36.65 53.23 Light-gray ash. 
Rock Sprilgs, 'V:-oming Territory 1. :!9 7. 00 1. 73 36.81 54.46 Light-gray ash·. 
Evanston, Utah Territory ......... 1. uo 8. 58 6. 30 35.22 49.90 
Crisman's,Coaldlle,UtahTerritory 1. 32 10.66 3.11 38.23 48.00 
Mount Diablo, California .......... ......... 3. 28 4. 71 47.05 44.90 

ENUMERATION AND DESCRIPTION OF FOSSIL PLANTS 
FROM THE WESTERN TERTIARY ],ORMATIONS. 

South Park, near Castello's Rang~. 

A yellowish, laminated, soft shale, breaking easily and splitting in 
thin layers. Remains of plants well preser\ed and distinct, with 
remains of insects and feathers. Specimens collected and communicated 
by Mr. S. A. Allen. 

0PHIOGLOSSUM ALLENI, sp. nov. 

Leaf, elliptical, narrowed by a cur\e to the acute base; shorter and 
broader than in 0. vulgatum, L., of our time, with the same areolation· 

The leaf is about 3 cent. long, (point broken,) a little more than 
2 cent. broad, marked in the middle by the remn:1nt of a fruiting 
pediceL No fossil species of this genus has been as yet published, but 
a small one, 0. ceocenmn, ~lass., from the Tertiary of Verona, Italy. 

THUITES C.A.LLITRINA, Ung., chlor., p. 22, Pl. vi, Fig. 2. 

Though the fragments are small, they are Yery distinct, and there is 
no appreciable difference from the description and figures of this 
species. The same specimen bears a fragment of Salix like S. lingu
lata, Gopp. 

PL.A.NER.A. LONGIFOLI.A., sp. no~'. 

Leaves oblong, lanceolate, obtusely pointed, wedge-shaped at the base 
to a petiole; borders simply dentate; secondary yeins thick,, simple, 
craspeclodrome. 

It differs from Plancra Ungeri, Ett., and its varieties, by longer, pro
portionally narrower lea Yes; by more oblique, straight, always simple, 
secondary -veins, which are thicker and more distant; by more obtuse 
and larger teeth; some of the leaves are unequal at base and curved 
on one side. A\erage length, 4 cent., 1~ cent. wide. The distinct 
areolation is that of the species as marked in Heer, :Fl. Fert. ;HelY., Pl. 
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lxxx, Fig. 3. The form is that of ]}fyrica Schlechtendali, Heer, Born-
staedt, Fl., Pl. i, Fig. 7. · 

Elko Station, Nevada. 

Specimens on the same kind of soft laminated clay shale as the 
former; collected and communicated by Mr. S. W. Garman. 

SEQUOIA ANGUSTIFOLIA, sp. nov. 

Leaves short, narrow, linear-pointed, el'ect, or slightly appressed all 
around the branches, decurring at base. 

It is much like the small forms of Taxodiurn dubi~trn, as figured by 
Ett., Bil. Fl., Pl. xii, Figs. 3, 14, 15, with leaves, however, shorter and 
decurrent. 

THUYA G.ARMANI, sp. no·v. 

Branchlets short, alternate along a primary branch, of the same 
thickness ; leaves nearly round, inflated, and marked by a gland at the 
point, narrowing downward; in four rows. 

The specimen is small but very distinct; no remain of cone has been 
found. Its nearest affinity is with Thuya sibirica, Hort., a var. of 
Thuya occidentalis, L., differing by shorter, more obtuse, more inflated 
leaves. As it is to T. sib·i'rica what this variety is to T. occidentalis, it 
may be considered as a parent form of our present species. 

ABIES NEV.ADENSIS, sp. nov. 

Leaves two ranked, horizontally spreading, 1 cent. long, 2 mill. wide, 
linear, abruptly pointed, obtusely narrowed at base to a short petiole, 
broadly nerved. 

This species, represented only by a small branch, is like the large 
forms of Taxodiun~ dubitttrn, differing by exactly linear leaves, obtuse at 
both ends, larger .size of branches and leaves, &c. From Ta.Tites olriki, 
Heer, Arct. Fl., Pl. lv, Fig. 7, it differs, too, by linear, shorter, more 
horizontal leaves. Its nearest affinity is with our living Abies Cana,
densis, :Mich., being only slightly more robust and the leaves more 
abruptly rounded and not enlarged at their base. 

SALIX ELONGATA, 0. Web. Pal., p. 63, PI. ii, Fig. 10. 

The base of the leaf is broken; the part left, 11 cent. long, exactly 
corresponds in size and nervation with the upper part of Weber's figure. 

Raton Mountains. 

The Thalassopbytes described from this locality are all from the 
Eocene sandstone underlying the lignitic strata. Except the species 
of this class, none other has been added to those already known from 
specimens obtained formerly by Dr. Hayden and described in Supt., 
pp. 12 to 16. The very hard metamorphic sandstone and shale contain
ing plants breaks under the hammer in irregular small fragments, of 
little value for the paleontologist. 
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SPHERI.A. L.A.PIDE.A., sp. not'. 

Perithecia round, highly convex, 1 to 2 millim. broad, growing in lineal 
series from under the bark and piercing it before opening; borders 
irregularly lacerated; color whitish. · 

This species is upon a petrified fragment of wood, part of which is 
still corticated, on another part the bark bas been destroyed. ~he 
borders of the opened perithecia are somewhat inflated. A single one 
is still entire or unopened, eomparable by its form and size to the living 
Verrucaria nitida, Acb. 

0HOJ\TDRITES SUBSIMPLEX, sp. nov. 

Frond cylindrical, flattened by compression, 5 mill. wide, with rare 
dichotomous, long, flexuous branches, mostly of the same size, some, 
however, reduced in size to one-half from the point of division from the 
main stem. • 

This species is found mostly flattened or expanded upon large slabs 
not passing across layers of sandstone. Upon some of these slabs 
the filaments appear simple, resembling Halimenites l·umbricoides, Heer, 
(Urwelt der Schweitz.) The surface is irregularly roughened and 
generally marked in the middle by a depression indiCJ1ting the :fistulose 
cllaracter of the plant. 

CHONDRITES BULBOSUS, sp. nov. 

Frond plain, irregularly subpinnately divided in opposite or alternate 
branches, close to each other, or distant, short, inflated like irregular 
tubercles. 

The branches vary in thickness from two to five mill., generally five 
to eight mill. long, often bilobed at. the obtuse point; they are, like 
the main stem, inordinately inflated and narrowed. 

H.A.LYMENITES STRI.A.'l'US, sp. nov. 

Frond cylindrical or compressed, erect, one foot long or more, dicho
tomous; branches short. 

The ramification .of this species is variable, the divisions being more 
or less open, sometimes at a right angle from an inflation of the main 
axis. The surface appears generally smooth; where the coating of stone 
is rubbed out, it appears coarsely ribbed as by a linear series of tuber
culeiform sporanges. The branches perforate the sandstone in every 
direction. It is related to Fucoides cylindricus, Sternb. Common 
at the Raton; found also at Golden by Professor Meek. 

HAL YMENITES MAJOR, sp. nov. 

Frond of the same thickness and mode of division as the former; 
surface marked by round contiguous or disjointed tubercles 2 to 5 mill. 
broad and as thick. 

It bas the sam~ general appearance as the former. Its branches are 
sometimes longer and smaller. The stems are 2 cent: broad. 

H.A.LYMENITES MINOR, F. 0. 

Branches half as thick as in the former species, 8 mill. broad, marked 
with small tubercles. · 
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These branches are of the same size and form as the one figured by 
Heer, iu Urwelt der Schweitz, (Pl. xi, F. 1.) As they are, however, 
found. in connection with the former species, at least in the same beds 
of sandstone, they may represent mere divisions of it. 

DELESSERIA INCRASSATA~ sp. nov. 

Frond sessile, trifid from its base, divisions7 thick, obovate, attenuated 
downward to a narrow pedicel; surface plicate-rugose. 

The sandstone bas deep prints of these leaves, which appear as 
united in groups from the base, or growing in tufts. One of these leaves 
or divisions seen isolated is oblanceolate, abruptly short-pointed, grad
ually tapering to the base, 2 cent. wide at its broadest part, near the 
point, 3 mill. at base, 5 cent. long. If by the form of its leaves this 
plant is a Delesseria, the thickness of its divisions, judged from their 
prints on the stone, is different from that of any living. species of this 
genus. The prints, however, may haYe been made by the superposition 
of a group of segments of the same form. 

DELESSERIA LINGULA'I'A, sp. nov. 

Leaf small, coriaceous, entire, obtuse, rounded at base, slightly con
tracted in the middle, with a broad inflated medial nerve. 

The leaf or segment is 2 cent. 1ong, 12 mill. broad, of a subcoriaceous 
or thickish consistence. The sandstone has many fragments of the 
same form and size. 

ABIETITES DUBIUS, Lsqx., Am. Jour. Science and Arts, ( 1868,) p. 203. 

Leaves erect or slightly open, imbricated around the branches, exactly 
lanceolate, sharp-pointed, broadest at the base, where they are abruptly 
contracted to the point of attachment. 

I have found, probably at the same place where Dr. Leconte obtained 
his specimens, a quantity of branches of this species, varying from 2 
cent. to 3 mill. in thickness, all indicating the same characters. The 
leaves are 8 mill. long, 1-2- mill. broad, near the base. Stems and branch
lets are marked by tile deep and distinct scars of the base of tbe leaves, 
varying in form according to the size of .the br~inches. No cones or 
seeds have been found as yet. It is common in the lower lignitic 
Eocene. Good specimens of the stems have been obtained in the choco
late-clay beds of the lignite, near Fort Steele, by Professor B. F. Meek. 
Its affinity to living species is as yet unascertained. 

ARUNDo GoPPERTr, Al. Br. 

Large fragments of leaves with characters of this species. 

PURAGMI'I'ES OENINGENSIS, Al. Br. 

In connection with Ab-ietites dubi~ts in the lignit.ic-bearing strata, and 
also in fragments within the Eocene sandstone. 

SABAL 0AMPBELLII, (~) Newb. 

It is described in Supt., p. 13. The fragments are very abundant, but 
always obscure. It may be a di:(ferent species. 
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PoPULUS 1\'IONODON, Lsqx., Supt., pp. 13 and 14. 

The leaf is smaller than those already described from this place and 
from the Mississippi Eocene, 6 cent. long, 4 cent. wide, ovate, lanceolate, 
pointed, rounded at base, or abruptly narrowed to the petiole, entire 
and coriaceous. The nervation is that marked in description of this 
species. 

CINNAMOMU:M: MISSISSIPIENSE, Lsqx., Supt., p. 14. 

Abum:lant. Already quot~d from this locality. 

RHL\:INUS OBOVATus, Lsqx., Am. Jour. Science and Arts, (1868,) p. 207. 

Represented by some· specimens exactly similar even in size to those 
obtained from Purgatory Calion by Dr. Leconte. 

Gehrung's coa.l-bed, near Colorado Springs. 

The remains of fossil plants are here badly preserved, mixed in great 
number in a soft, easily disaggregating sandstone. They are mostly 
broken and undeterminable. The few which could be recognized are 
the following: 

SABAL CAl\fPBELLII, (~) Newb. 

The same form as that of Raton. 1\fountains. 

PLATANUS HAYDENII, Newb. 

Two large well-preserved leaves. 

DOMBEYOPSIS OBTUSA, sp. nov. 

Leaf :round, cordate, very obtuse, with two obtuse scarcely-marked 
lobes on eaeh side, near the point at the extremity of the lateral veins, 
which ascend in curving from the base of the medial one. 

The lower part of this leaf is broken, and therefore its description is 
incomplete. It is from its form and nervation a species of Dombeyopsis 
allied to D. tridens, Ludw., Pal., Pl. xlix, Fig. 3, twice as large, and dif
fering by the very obtuse, round point, and scarcely-marked obtuse 
lobes. 

Frcus TILilEFOLIA, Al. Br. 

In large identifiable fragments; no leaf entire. 

Golden City, Colorado. 

Most of the specimens are from a sandstone easily cut in the line of 
stratification, and where entire leaves, even of large size, were obtained. 

SCLEROTIUM RUBELL U:M:, sp. nov. 

Oval or linear, obtuse, 1 mill. broad, 2 to 4 mill. long, following or 
intermediate to the strim of Flabellaria zinckeni, Heer, deeply impressed 
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into the epidermis ; reddish at its surface when young; center some
what mamillate. 

It has no apparent relation to any fossil species as yet published. 
In some specimens the center looks split, as in species of Hysterium. 

DELESSERIA FULVA, sp. nO'l.', 

Frond membranaceous, dichotomous, (apparently long,) linear, with a 
thick medial nerve; divisions linear, distant, obtuse, or enlarged at the 
point. 

The preserved part of tbe frond is 20 cent. long, its average width 6 
mill. The divisions are irregular in distance and position, varying 

. in length from 5 cent. uear the base of the frond to mere obtuse lobes 
at its upper end. Its color upon the white Randstone is of a deep yel
low. It is distantly related to Delesseria Spluerococcoides, Ett., from the 
Eocene of Promina. 

SPHENOPTERIS EoCENIC.A, Ett., Foss. Fl. of Promina, p. 9, Pl. ii, 
Figs. 5-8. 

Frond large, at least tripinnately divided ; secondary pinnre long, 
lanceolate, taper-pointed, oblique, from a half-round narrow rachis; 
pinnules numerous, very oblique, close to each other, contiguous, united 
from below the middle, acutely lobed; veins pinnate, the divisions 
either simple or forking once. This form somewhat <1i:ffers from the 
one published by Ettina:hausen, by the connection of the pinnules from 
below the middle, while they are separated from the base in the 
European species; also, by the sharp-pointed lobes of the pinnules, 
these being described as obtuse by tue author. The nervation, too, 
shows a noticeable difference, the secondary veins in our specimens 
being strong, fiat, generally simple, and ascending to the point of a lobe, 
or, wllen forking, one of the branches passing aside to one of the Yery 
acute sinuses. These differences may be specific br merely simple 
Yarieties resulting ft·om the part of the frond represented by the speci
mens. The general appearance is the same. Splendid specimens of 
this species were obtained at Golden, especially by the kindness of Rev. 
L. Burns, the superintendent of the mining college of that place. 

PTERIS ANCEPS, sp. nov. 

Frond linear, lanceolate, thick nen~ed, with apparently entire borders; 
secondary veins at a right angle from the medial one, tuin, though dis
tinct, forking near the base, and one of the branches forking a second 
time from the middle. 

A mere fragment, comparable to Lmnariopsis cilinica, Ett., Fl. Bil., 
p. 13, Pl. iii, Fig. 13, somewhat different by the nervation. 

PHRAGMI'l'ES CENINGENSI~, Al. Br. 

Fine specimen of stems with articulation and scars, were found in the 
white sandstone under the lign·ite beds. Professor l\feek has also well
preserved specimens of. rootlets, with their capillary filaments from the 
same sandstone. 
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CAREX BERTHOUDI, sp. nov. 

Leaves narrow, :flat, narrowly and obscurely striate, except on the 
borders; seeds numerous, :flattened, 2 mill. wide, with an oval, slightly 
pointed, and slightly broader perigynium. 

The nervation of the leaves is marked only by two veins on each 
border, as in Oyperus arcticus Heer, Fl. of Spitzberg. The seeds, 
apparently attached. on short pedicels, resemble those of Oar€x anti qua, 
Heer, of the Baltic :flora, as represented Pl. iii, Fig. 18, being, however, 
larger, and the perigynia broader than the seeds, and distinct. 

FL.A.BELLARIA ZINCKENI, Heer, Fl. Bornstaedt, p. 11, Pl. ii, Fig. 3-4. 

By the size of the segments, and by their nervation, the numerous 
and distinctly veined fragments found in the wltite metamorphic clay of 
Golden represent exactly the European species. Tile Bornstaedt lignitic 
formation is considered by Heer as lowest Miocene or upper .Eocene. 

FL.A:BELLARIA LAT.ANIA, Stern., (Foss., Fl., 1, Pl. xi.) 

To this species of Sternberg, I refer a number of specimens, all of 
striated, tubulose, long, linear leaves, like those published under this 
name by Ettinghausen in Fl. Prom., p. 12, Pl. iii, Fig. 2-3. The strire 
are coarse and deep, as :figured by this author, but there is no remain 
of petiole. 

S.A:BAL GOLDIANA, sp. nov. 

Distinct from Sabal Campbellii, Newb, by its large triquetrous or 
rather deeply keeled petiole, the keel being nearly acute. The sides at 
the base are 5 cent. wide. The rays appear larger than in S. Oampbellii; 
the nervation is not more distinct. No specimen of the lower part of a. 
leaf could be obtained. 

P ALMACITES, species. 

Part of a trunk of palm; an impression 15 cent. broad, slightly con
cave, marked in the length by deep, nearly regular, and equal strim, 
separated by sharp, acute, narrow ridges, 1 mill. distant. Tllis is not 
referable to any fossil species published. Specific det~rmination, bow
ever, is not possible. 

POPULUS ATTENUATA, A.l. Br. 

Of the same character as the leaf in Fl. Fert. Helv., Pl. lvii, Fig. 
12. 

QUERCUS TRIANGULARIS, Gopp., (Scbotznitz, Fl., p. 15, Pl. vi, Fig. 
13-17.) 

Leaves ovate, attenuated to a short petiole, more abruptly narrowed 
to an obtuse point, borders undulate above, entire from the middle 
downward, nerva.te or pinnate. 

The stone where the leaves are preserved is coarse grained, the borders 
near the point are somewhat indistinct. The lowest pair of secondary 
veins ascends in an acute angle from the base of the leaf, the others, nearly 
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opposite and parallel, pass in a more open angle to the borders, wbere 
they slightly and abruptly curve. The lowest pair, only branches outside. 
But for the indistinct borders near the point, this form is well identi
fied with Goppert's species. 

QUERCUS S'l'RAMINEUS, sp. nov. 

Leaves small, broadly ovate, obtusely pointed, rounded to the base, 
and abruptly recuryed to the petiole, entire; uervation pinnate, sec
ondary veins thick, parallel, camptodrome. 

The leaf is 4 cent. long, 2.2 mill. broad, the secondary veins equidis
tant, diverging 400 from the medial nerve, curving slightly to near the 
borders, where they divide in two equally thick branches, anastomosing 
up and down with divisious of the other veins. The nervation is the 
same as in Quercus Desloesii, Heer, (Fl. Tert. Helv., p. 56, Pl. lxxviii, 
.Fig. 7,) except, however, that the veins are less distant, not undulate, 
and without intermediate, shorter veinlets; the veins are distinct, 
shiuing, yellow. 

QUERCUS ANGUS'l'ILOBA, Al. Br. 

We ha·ve two fine speeimens of this rare Eocene speeies. Though not 
quite entire, they are positively identified. One is a large leaf as the 
one described and figured by Ludwig in Paleont., vol. viii, p. 103, Pl. 
xxx.vi, Fig. 3. The lobes of the leave~; are long, diverging, linear 
laneeolate, obtusely pointed. Heer has published it from the lignitic of 
Bornstaed t. 

FAGUS FERONI1E, Ung. Chlor., p. 106, Pl. xxviii, Fig. 3-4. 

Leaves ovate, pointed, irregularly dentate above the middle, rounded 
or attenuated to a slender petiole, nervation simple craspedodrome. 

One of the leaves is somewhat larg·e, the lower part is destroyed. It 
appears rounded to the petiole. The other is a smaller leaf, lanceolate
pointed, with the veins on a more acute angle of divergence. Both 
forms are represented in the Bil. flora of Ettinghansen, Pl. xv, the 
first leaf like Fig. 20, the second like Fig. 16. The lower veins of the 
small leaf have strong fibrillre downward, like thin secondary veins. 

ULMUS (~) IRREGUL..A.RIS, sp. nov. 

Leaf large, coriaceous, oval-oblong, narrowed or wedge-form to the 
petiole, nervation pinnate, secondary veins close and deeply marked. 

The borders upward and the point are destroyed in all the specimens. 
The secondary veins are close, 10 pairs in part of a leaf 8 cent. long, 
(angle of divergence 400) straight from the medial nerve, except near 
the base, where they curve slightly downward in joining it, generally 
simple, some anormally forking from near the base; fibrillose. Though 
the nervation and facies are those of Ulmus, the leaves are doubtfu11y 
referable to this genus on aeeount of tlw unknown disposition of tbe 
veins along the borders. 

Frcus A.SARIFOLrA, Ett., Bil. Fl., p. 30, Pl. xxv, Fig. 2-3. 

The leaf representing this speeies is larger than those described by 
the author; it is, howeYer, positively referable to it by its form, its 
crenulate border, and its nervat-ion. 
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FICUS SPECT..t\.BILIS, sp. nov. 

Leaves large, coriaceous, entire, broadly ov a,te-lanceolate, contracted 
to a short point, round truncate to the petiole, pinnately nerved, the 
lowest pair of secondary veins opposite from the base, branching out
side, the upper ones mostly simple, parallel, irregular in distance, 
oblique, camptodrome. 

The leaf, an entire one, is 15 cent. long, 8 cent. broad in its widest 
diameter below the middle, equilateral. The first pair of secondary 
veins is basilar and branched; the others, though parallel, are at irregu
lar distances, all curving along the borders and anastomosing with ter
tiary veins or fibrillm. Allied to Ficus Schi1nperi, Lsqx., of the Mississippi 
Eocene, it differs by its coriaceous substance, by the basilar veins going 
out from the top of the petiole, by the somewhat abruptly-contracted 
(not tapering) point, &c. With an entire leaf, the collection bas a 
number of fragments of this fine species. 

FICUS AURIC1.iLATA, sp. no?J. 

Leaves membranaceous, entire, smooth, ovate-lanceolate, taper
pointed, rounded to the base into two auricles joined at the· borders 
below the top of the petiole, pinnately nerved; the lower pairs of sec
ondary veins opposite from the base of the leaf, the upper ones parallel, 
alternate, camptodrome. 

The leaf described is perfect and its nervation distinct. Three pairs 
of veinlets curve downward from the top of the petiole, passing in 
curves to the borders of the auricles. All the secondary veins are more 
or less branching <lownwards, curving along and following the borders 
in anastomosing with· divisions of the superior ones. Fibrillm distiuct1 

nearly continuous; the leaf, 10 cent. long, has, besides the basilar vein 
lets, ten pairs of secondary veins. It is somewhat unequilateral. 

PLA'l'ANUS RAYNOLDSII, Newb. 

Is represented by splendid specimens, but none as entire as the one 
described by the author, Extinct Fl. of N. Am., p. 69. 

PLATANUS HAYDENII, Newb. 

Most common at Golden. The leaves are still larger than marked by 
the author, some of them preserved entire. · 

BENZOIN ANTIQUUM (~), Heer, Fl. Ter. Helv., II, 1'· 81, Pl. xc, Figs. 1-8. 

Leaf oval, obtuse, entire, narrowed to a broad petiole, pinnately 
nerved, lowest pair of secondary veins opposite, joining the medial nerve 
at a distance above the base; the others alternate, all thin and at an 
acute angle of divergence. 

A single leaf, doubtfully referred to this species on account of obsolete 
details of nervation. The surface of the leaves is punctate as in Benzoin 
attemwtmn, Heer, (loc. cit., Fig. 10 ;) but the form of the leaf and the 
secondary veins are like Fig. G, of B. antiqu~tm. 

CrNNAl\IOMUM RossM.ASSLERI, Heer, Fl. Tert. Helv., II, p. 84, Pl., xcii, 
Figs. 15-16. 

TlJe leaves representing this species ba....-e the form and size of those 
loc. cit., :b..,ig. 2, with numerous straight, strong nervilles, perpenuicu-
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Jar to the medial vein, and passing from it to the lateral ones, as in 
Fig.16. 

CrNNAMOMUM MrssrssrPIENSE, Lsqx., Supt., p. 14. 

Fine specimens of this species, of frequent occurrence in the Ameri
can Eocene, were obtained at Golden. 

Crssus L.LEVIG AT us, sp. nov. 

Leaves su bcoriaceous, polished, round-oval, abruptly narrowed or 
broadly wedged form to the petiole, three-nerved from the base, nerva
tion actinodrome retiform; borders undulately crenate. 

The collection has many specimens, but none complete, the upper 
part of the leaves being mostly destroyed. The leaves are petiolerl; 
the two lateral veius diverge at an acute angle and branch outside, the 
branches parallel, running to and entering the borders in dividing. 

DOMBEYOPSIS TRIVIALIS, sp. nov. 

The lower part of a leaf, round-cordate at base, entire subcoriaceous, 
three-nen-ed, lateral veins strong, curved upwards, branching outside. 

This leaf resembles the one in Beer's Fl. Bait., p. 74, Pl. xvii, Fig. 11, 
named F'icus Dombeyopsis, which, however, has two pairs of lateral 
veins from the base, while ours has only one. As in Beer's leaf the 
lower part is destroyed, w bile the point is erased in ours, it is not pos
sible to make an exact comparison. 

DOMBEYOPSIS OCCIDEN1'ALIS, sp. nov. 

Leaves coriaceous, entire, cordate-acuminate, trinerved from the base, 
superior lateral veins at equal distance, alternate or opposite, campto
drome. 

A number of specimens of these fine leaves present all the sarue form 
and characters; 12 cent. long,lO cent. broad, below the middleor toward 
the enlarged cordate base, narowed or taperirrg to the point. The 
lower lateral veins are much branched outside, 8 to 10 branches, curv
ing to and along the borders; the upper secondary veins are either 
simple or sparingly divided by under branches, all the divisions curving 
to and along the bor<lers which they reach, becoming like marginal; 
nervilles strong, in a right angle to the thick medial nerve; the borders 
appear somewhat refiexe<l. The nervation is that of Dombeyopsis grandi
folia, Ung. 

SAPINDUS CAUDA1'US, sp. nov. 

Leaf unequilateral, entire, broadly lanc€olate, tapering into a long 
acuminate point, narrowe<l to the petiole on one side, rounded to it on 
the otl1er. 

~rhe secondary veins are alternate, unequaiiy distant, the lowest ones 
more open, curving to an<l along the borders and anastomosing with 
shorter intermediate ones. The nervation is of tbe sa.me type as in 
Sapindus falcifolius~ Heer, Fl. Heh .... , Pl. cxix, Fig. 16. I found two 
lea, ... es of this species; tlw largest 10 ceut. long, 4 cent. w~de in the 
middle. 
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CE.A.NOTHUS FIBRILLOSUS, sp. nov. 

Leaves subcoriaceous, ovoid, obtuse, rounded to the base, (petioled ~) 
five-nerved from the top of the petiole; nervilles in right angle to the 
medial vein, continuous. 

Species related to Ceanothus ovoideus, Gopp., (Schossnitz) Fl.,p.36, Pl. 
xxii, Fig. 13, differing, however, by the thick substance of the leaves, 
their larger size, and all the lateral veins going out from the base. 
The lowest lateral veins arc much branched, and not aerodrome, ascend
ing only to above the middle of the leaf. 

RHAMNUS CLEBURNI, sp. nov. 

Leaves thickish, (not coriaceous,) narrowly oval-laceolate, equally 
tapering from the middle upward to a long sharp point and downward 
to a short petiole; pinnately nerved, secondary veins close, slightly 
arched in passing to the borders, where they abruptly curve along the 
margin. 

The species is known by a number of :finely-preserved specimens, with 
all the same characters. The leaves are variable in size, the largest 9 
cent. long; the secondary veins always close .to each other, parallel, 
simple, scarcely 5 mill. distant, abruptly curving quite near the borders, 
which they follow; fobrilles numerous, strong, subcontinuous in ·right 
angle to the medial nerve. The nervation and form of these leaves, 
like that of the following species, as also of Rhamnus obovatus, Lsqx., is 
much like that of some species of the genus BrideUa of the Euphor
biacem. When better known by their fructifications they shall probably 
form a separate group. 

RHAMNUS GOLDI.A.NUS, sp. nov. 

Leaves thickish, subcoriaceous, smooth, entire1 broadly oblong
ovate, abruptly narrowed to a short blunt acumen, rounded at base to a 
short petiole. 

These leav'es, of which I obtained numerous fine specimens, vary in 
size from 7 to 15 cent. long, proportionally broad, have about the same 
nervation as the former species, the secondary veins being only slightly 
more distant, less oblique, (angle of divergence 40 to 45o,) and nearly 
straight to near the borders, where they more gradually curve. The 
lowest pair generally branch more or less downward, in anastomosing 
with their short marginal veins; even the superior veins have sometimes 
one or two divisions. The species still differs from the former by its 
more coriaceous substance, its rounded base, and the obtusely acumi
nate point. 

RHAMNUS GOLDI.A.NUS, var. L.A.TIOR, Lsqx. 

The leaves considered as variety may represent a different species. 
They are much larger, of a thicker substance, more rounded at the base, 
and passing to the petiole by a short decurrent curve. They much re
semble the leaves referred to Ulmus (~) i'tregularis, being intermediate 
between this and the above species. 

RHAMNUS OBOV .A.TUS, Lsq x. 

Already mentioned from the Raton Mountains, is a truly different 
species from Rhamnus Cleburni, to which it resembles by the nerva-

.... 
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tion. Besides differing by the form of the leaf, the secondary veins are 
thicker and fiat, and the nervilles scarcely distinct. 

RHAMNUS ACUMINATIFOLIUS (~), Heer, Fl. Tert. Helv., III, p. 81, Pl. 
cxxvi, Fig. 3. 

A fragment only, with the point and the base of the leaf destroyed. 
The form of the leaf and it::; nervation agree with the author's figure and 
description. It differs much from the other species described above. 

RHAMNUS RECTINERVIS, Heer, Rept., (1871,) p. 295. 

It is not frequent at Golden. We have only a few specimens from the 
white sandstone. 

JUGLANS RHAMNOIDES, Lsqx., Rept. (1871,) p. 294. 

Sparingly represented at Golden. 

JUGLANS RUGOSA, Lsq~., Supt., p. 10. 

Found in more numerous and better preserved specimens than the 
former. 

JuGLANS (FICUS ~) Sl1HTHSONIANA, Lsqx., Supt., p. 16. 

The leaf referable to this species merely differs from tl1e one pub
lished from the Raton, by the less tapering base, which is more abruptly 
attenuated to a broad petiole, a difference scarcely noticeable. 

JuGLANS SCHIMPERI, Lsqx., Supt., p. 8. 

The specimens of Golden have the same characters as described. The 
peculiar form of the leaves identifies them easily. 

CARPOLI'l'HES P ALMARUM, Lsqx., Supt., p. 13. 

A number of fruits of the same size and form as those from the Raton 
Mountains. They are not striated, however, and rather coarsely 
wrinkled. They may represent a different species. 

Beside the leaves described from Golden's specimens, I found still 
there a stipule of Platanus, a leaflet, square in outline, 2~ cent. wide, 
acutely Rhort-lobed at the two upper corners, truncate at base, without 
visible nervation. It is apparently referable tD Platanus Haydenii. 

A number of fragments of uncertain affinity, or whose character 
could not be recognized; among them, leaves doubtfully referable to 
Alnus Kefersteinii, Gopp, others to Rhamnus DechenU, Web., and still 
others to Oinnammnum Mississipiense. Lx., have been obtained from the 
same locality by Prof. B. F. Meek. 

];Jarshctll's Estate, Boulder Valley. 

Specimens of fossil plants are here found, either in clay-beds, where 
the fragments are heaped and mixed together in a mass of unrecogniz
able forms, or in a coarse sandstone, where the details of nervation are 
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generally obliterated. I could, moreover, dispose of but a short time 
for researches iu a localit.Y which had been sufficiently explored by Dr. 
Hayden and other geologists. The few specimens got there represent 
the following species : 

PIIR.AG)!ri.'ES 0EN1NGENSis, ..AI. Br. 

In numerous specimens. 

FLABELLARIA ZINCKENI, Heer. 

The same form and characters as the specimens of Golden referred 
to tllis species. 

QUERCUS CHLOROPHYLLA, Ung . 

..A number of specimens of the same species which I considered as 
identical with this Quercus, in my examination of the fossil plants of 
Dr. Leconte, in ..Am. Jour. Sci. and Arts, (1862,) p. 206, and was de
scribed and figured under this name in Proc . ..Am. Phil. Soc., vol. xiii, p. 
413, Pl. xvii, Fig. 5 to 7. These leaves are of a coriaceous substance 
and have scarcely any trace of secondary veins marked on tile surface; 
their relation is undefined. The Marshall's leaves are slightly more 
rounded to the petiole than those of Mississippi. 

CINN.AMOMUM AFFINE (~), Lsqx., ..Am. Jour. Sci. and ..Arts, (1868,) p. 206. 

The specimens are not distinct enough to ascertain if they represent 
this species or Oinnammnnrn 1lfississipiense, Lsqx. 

The main coal of Niarshall's is mixed near the bottom with large fossil
carbonized trunks, whicll, by cleavage, appear as cut by the ax. The 
same are found, too, in tile same circumstances at the Calion City coal
bed. 

Erie JJiines, Boulder Valley. 

The soft, sandy shale overlying the lignite-bed is full of finely pre
served vegetable remains. But tllis shale is left in the mines for roof, 
or when taken out it is soon crumbling into small fragments under 
atmospheric influence. By the kindness of the superintendent, Mr. Hill, 
I got from the mines a few pieces of shale, which, as seen from the fol
lowing descriptions, indicate the l'ichness of the flora of that locality. 
Further explorations should be pnrsued in the mines, or in the opening 
of a new tunnel, with sufficient authority to obtain fresh slabs fi'om the 
roof shales. 

Sabal OampbelUi (? ), Newb. 

A number of fragments of rays of a Sabal, probably referable to this 
species. The shale being soft-grained and the specimen~ distinct, the 
strim of the rays are distinguishable and may be counted. They are 
-very thin and close, like mere woody fibres, 30 in a width of 3-! mill. 
The rays between the plicatures are 16 mill. wide, and ha,Te, therefore, 
about 150 of these lines. They are all of tlle same thickness. 
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0AULINri.'ES FECUNDA, sp. no'U. 

Branches of racemes, 2 mill. wide, smooth, with inflated borders, 
divided in opposite erect branchlets, half as thick, bearing on each side, 
and on short pedicels, simple round capsules, with a central nucleus. 

The capsules are mostly opposite, rarely alternate, and close to each 
other along the branchlets. One of these, 2 cent. long, bears twelve of 
these capsules on each side. They are 1~- mill. wide; the black nucleus, 
slightly smaller, is represented by a vesicle of coaly matter easily sepa
rated from its envelope, slightly narrowed, however, toward the top of 
the small pedicel, which is slightly inclined from the main rachis. 
These racemes may represent the female infloresceme of some dicecions 
species. Their relation· to species of our time is as yet unknown. The 
same specimen which bears this species has, too, some nutlets of larger 
size~ oval, truncate at base, wrinkled ·in the length, apparently in 
racemes or agglomerations, resembling those which have been published 
by Ludwig in Pal., vol. viii, Pl. xliii, Fig. 13, under the name of 
Hyppophae striata. 

0AULINITES SP.ARGANIOIDES, sp. nov. 

Described with better specimens from Black Butte. 

FICUS PLANICOS1'AT.A, sp. nov. 

Var. LATIFOLIA. 

Described, like the former, with specimens of Black Butte. 

P ALIURUS ZIZYPHOIDES, sp. nov. 

Described from Black Butte's specimens. The leaf from Erie is only 
smaller. 

JuGLANS ScHIMPERI, Lsqx., Supt., p. 8. 

The leaf is of larger size than that from Green Rhrer Station, but bas 
the same characters. The same specimen hears on the reverse a fine 
oval flattened nut, with an irregularly wrinkled surface like the nut of 
a Juglans. It is 26 mill. long, 18 mill. broad, slightly pointed on one 
side, and abruptly contracted at the other to an obtuse protuberance. 
The only fruit comparable to thi~ is that of Juglans venosa, Gopp, as 
:figured by 0. Weber in Pal., vol. viii, Pl. vi, Jj~ig. 11. The speeimeus 
from this locality are as yet too scanty to allow a conclusion of identity 
between this fruit and the leaves described as Juglans Schimperi. 

0ERCIS EOCENICA, sp. nov. 

Leaf nearly round, entire, of a thin texture, smooth surface, deeply 
cordate at base, nen·ation of Germs Canadensis. 

The leaf has its point destroyed; it is apparently obtuse or round. 
Except that it is more deeply cordate than the average leaves of our 
Cercis Ca.nadensi.Y, there is no difference whatm·er between the fossil 
leaves and those of the living species. 
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Carbon Station, Wyoming Te'rritory. 

The specimens obtained at Carbon are from the same limited area 
but from two different levels. In order to mark difference of vegetation 
according to horizontal station, these specimens are described separately. 

1st. From below the main coal,* in a soft-grained, very bard shale, 
irregularly breaking by cleavage, but where the vegetable remains are 
distinctly pre:.;e-'-·ved, some of them are of large size. 

EQUISETU~f HAYDENII, Lsqx., Rept. 1871, p. 28±. 

The specimens represent some rootlets and tubercles of this species. 
One of the tubercles split lengthwise in the middle exposes a central 
solid axis 1-2- mill. thick, while the parietes or intervals from the axis to 
the borders, 4 mill. each side, appear formed of a spongy though com
pact cellular tissue, becoming more compact and darker-colored near 
the borders. A cross-section of another tubercle shows it to be oval or 
somewhat flattened by compression, 12 mill. in one direction and only 9 
mill. in the other. Another specimen has a linear rootlet or stem 
whose main axis is 4 mill. wide, apparently central, and surrounded by 
cellular tissue of equal thickness. It is marked by distant nodi with 
round scars of the same form as those of Equiseturn Haydenii, and is 
referable to this species. 

SMILAX GRANDIFOLIA, Ung., Uhl. Pl. XL, Fig. 3. 

The leaf which I refer to this species is of the same size as the one 
figured by Unger in the Sillog., Pl. II, Fig. 8 ; but it has only 7 basilar 
veins, while Unger's leaf has 9. The same form as ours is published by 
Heer in Fl. Tert. Helv., Pl. XXX, Fig. 8 and 8b. A variable species. 

ACORUS BRACHYSTACHYS, Heer. 

Exactly the same form as rlescribed in Rept. 1871, p. 288, from Ores
ton. It is represented by three specimens which merely differ from the 
Spitzberg ones by shorter and broader spadices, 5 mill. broad, 7 mill. 
long, with only four rows of flowers or ovaries ; the stem, too, is nar
rower, scarcely 5 mill. br~ad. 

CAULINITES SPARGANIOIDES, sp. not. 

Described with better specimens from Black Butte. 

POPULUS ARCTICA, Heer, Arct. Fl., p. 100, &c. 

This species is represented at Carbon in most of its numerous varie
ties, with nearly round and entire leaves, or with undulate or more or 
less crenate borders, &c. They positively prove that the leaves named 
Pop~tlus subrotunda, Lsqx., in Am .• Jour. Sci. and Arts, 1868, p. 205, as 
.also those described as P. Nebrascensis, Newb., in ~otes on extinct 
floras, p. 62, belong to this species. 

POPULUS DECIPIENS, sp. nO'l:. 

Leaves broadly rhomboidal or round, enlarged in the middle, abruptly 
narrowed into a very obtuse point, rounded or broadly wedge form to 

* See section of Carbon in first part of this report. 
25 G S 
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a long slender petiole, with very entire borders; three to five nerved 
from the top of the petiole. 

A very fine species, with leaves scarceiy variable in size, 3 cent. long 
and at least as broad. The three primary veins ascend from the top of 
the petiole to three-fourths of the leaves, branching outside and anas
tomosing with branches of a second or marginal pair of veins which 
ascend only to half the leaf. The texture of these leaves is somewhat 
thick, subcoriaceous. They are generally found on the same specimens 
with Paliurus Columbi, Heer, which they resemble. The slender petiole 
is nearly as long as the leaves. This species is distantly related to some 
small varieties of Populus arctica, Heer. 

POPULUS ATTENUATA, Al. Br. 

The same form as already published, Am. Jour. Sci. and Arts, (1868,) 
p. 205. It is found at Carbon both above and below the main coal. 

POPULUS MUTABILIS, var. CRENATA, Heer. 

Our specimen represents an entire leaf agreeing in form and nervation 
with Goppert's, Fig. 2 of Pl. XVI, in Schossnitz Flora. In the Carbon 
leaf, however, the teeth of the borders are large, sharply pointed out
ward, or less turned upward. This difference is not specific. 

ALNUS KEFERSTEINII, Gopp. 

The same form as described in Rept. 1871, p. 292, from Evanston. 
The borders of the leaf, however, appear merely undulate as in Lud
wig's Pal., Vol. VIII, Pl. XXXII, Fi 

BETULA STEVENSON!, Lsqx. Rept., (1871,) p. ~93. 

Alreacly publishecllike the former from Evanston, where the species 
is abundant. It is not as common at Carbon, but represented in very 
good specimens. 

QUERCUS PLATANIA, Heer, Arct. 1~1., p. 109. 

Leaf membranaceous, broadly ovate, rounded to the base ·in broad 
auricles, with distantly dentate borders; pinnately nerved; secondary 
veins numerous, craspedodrome. 

1.'here is in the collection a beautiful leaf of this species which some
what difters from the description of the author, as it is made in 
the 1st vol. of the Arct. Fl., but exactly agree with the fine leaf of this 
species figured in Vol. II, Pl. XL VI, Fig. 5, of the same work. This one 
is nearly an exact representation of ours, and, too, has the point de
stroyed. It is 13 cent. wide above its base, the borders marked by short 
somewh.at distant teeth; the lower lateral veins opposite, diverging 30° 
from the medial one, the other pairs at a short distance from each other, 
alte:t:nate, parallel1 with a thin lateral basilar veinlet going out at right 
angle from the medial nerve, just under the lowest pair of secondary 
veins. These are much branched outside; the upper ones branch once 
or twice near the borders. This leaf has the characters of a Platames, 
and I was inclined to consider it as different from Heer's species on 
aecount of the difference in the denticulation. But in his description 
of a specimen from Spitz berg, the author remarks, p. 57, that the difter-
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ence in the form of the teeth cannot be considered as specific. The 
authority is not refutable, being the result of the examination of a 
number of specimens of different localities. 

FICUS OBLANCEOLAT.A, sp. nov . 
• 

Leaves subcoriaceous, obovate or oblanceolate, entire, taper pointed, 
gradually narrowed to a short petiole, pinnately, closely nerved. 

The form of the leaves is about like that of Ficus lanceolata, in Heer, 
(Fl. Tert. Helv., Vol. II, p. 62,) broader, however, toward the point, with 
more numerous secondary veins . .. There are 14 pairs of these veins in 
leaves 7~ cent. long, the lowest pair at an acute angle from the medial 
one and following the borders; the superior ones, at a broader angle of 
50o, straight to near the borders, which they follow in anastomosing in 
successive bows. The relative position of the secondary veins is more 
regular than in Heer's species. 

COCCOLOBA LAEVIG.ATA, sp. nov. 

Leaves round, (obtuse!) subcoriaceous; borders entire, undulate; 
surface, smooth; nervation, brochidodrome. 

Only two fragments, both representing the lower part of the leaves. 
The form of the point is merely indicated; the undulate borders, 
rounded downward, join the petiole by a short, sUghtly decurrent curve. 
The lowest secondary veins are thinner than the upper ones, the medial 
nerve broad and flat; the details of nervation are like that of Ooccoloba 
Floridana, Mich. These leaves are related in form a.nd nervation to 
Ficus penninervia, Ung., as figured by Ett., Fl. Badoboj., Pl. II, Fig. 2. 

PLATANUS GUILLELM1E, Gopp., in Rept. 1871, p. 290. 

The most common species at Carbon, where its numerous varieties 
may be studied. One of the more marked ones is represented by small 
broadly ovate leaves, truncate at base, scarcely lobed; borders marked 
with large acute teeth; basilar lateral veins from quite near the top of 
the petiole. 

CINN.A..""\10l\1UM AF:F'INE, Lsqx. 

1r1entioned above from :Marshall's. The upper part of a large leaf 
with the base destroyed, 8 cent. long, 5 cent. broad, ovate, tapering 
into an obtuse point, the two lateral veins of the same thickness as the 
medial one, ascending, in curving, to near the point of the leaves, where 
they connect with the medial nerve without distinct anastomosing. The 
form is that of 0. Buchi, Heer, except that the broadest part is below 
the middle, not above as in the European species. 

CINNAM0::\1UM MISSISSIPPIENSE, Lsqx. 

lientioned already from Golden. A number of well-preserved speci
mens. 

AsDHNA EoCENICA, sp. nov. 

Leaves lanceolate, entire, thickish, equally tapering upward to a 
point and downward to a short petiole, penninerve, camptodrome. 
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A large number of these leaves, varying in length from 10 to 15 cent., 
22- to 4 cent. wide, with a petiole about 22- cent. long; medial nerve 
thick, secondary veins numerous, distinct, parallel, diverging about 600 
to a distance from the borders, where they curve irregularly, anasto~ 
mosing many times with the superior veins and undulating along the 
borders; fibrillm thin, but distinct; some of tliem intermediate to 
secondary veins, being thicker and ascending as Tertiary veinlets to half 
the leaf, anastomosing, with branches of the true secondary veins. This 
species closely resembles .Asimina triZoba, Dun, by the form and size of 
the leaves, and A. parviflora, Dun, by the nervation. A fruit of this 
genus, A. leiocwrpa, Lsqx., has been published from the Mississippi 
Eocene. 

ACEl~ TRILOD.A.Ttnr, VAR. PRODUCTU1f, Al. Br. in lleer, Fl. Tert. Helv., 
Vol. III, p. 47, Pl. cxv, Figs. 6 to 12. 

Among other ii·agments representing this species, there is . a large 
leaf pre·served entire 15 cent. long. narrowed at base to a long petiole, 
enlarging in the middle into two long, sharply taper-pointed, nearly 
entire lobes, with obtuse sinusses and a middle, elongated lobe, marked 
by large distant teeth, a form resembling that iu Heers' Zoe. cit., 
Figs. 8, 11, 12. The narrow base and taper-pointed lobes are as in Fig. 
8, and the medial lobe with its base enlarged to the obtuse sinusses as 
in Figs. 11 and 12. Our leaf is at least twice as large as the European 
ones. Some pieces of shale of the same locality have fossil fruits of 
Acer with small oval nutlet and narrow erect wings, not larger. than 
those represented in Heer, Zoe. cit., Pl. cxii, Fig. 21, which the author 
refers to Acer grosse-dentatum. Fig. 166, however, bas too, in its upper 
part, a fruit like the one of Fig. 21, still smaller, referred to Acer trilo
batum. In ours, the support of the wing on the border is scarcely 
arched. 

P ALIURUS COLOMBI, Heer, in Rept. 1871, p. 288. 

A large number of leaves all of the same character as those described 
from the Washakie group. 

ZIZYPHUS 1\IliiEKII, sp. nov. 

Leaves ovoid, obtusely acuminate or obtusely pointed., rounded to the 
petiole, obtusely crenate, three-nerved from the base. 

Many leaves of this species were found at Carbon by Professor B. F. 
l\ieek and myself. They differ little in their characters, being only 
sljghtly more. or less wide. They average 5 cent. in length, from 2~ to 
3~ cent. broad; the borders are crenate from near the base to the obtuse 
point, the three primary veins are simple, the lateral ones ascending to 
or quite near the point of the leaves. In the broader leaves there is 
from the base a second pair of lateral veins, which follow the borders to 
the middle of the leaf; the substance is somewhat thick, sub-coriaceous, 
the surface being generally covered by a thin coating of carbonaceous 
matter which obliterates the fibrillm. These are in a right angle with 
the- medial nerve. The species is allied to Zizyphus ovatus, Web., in 
Pal., Vol. VIII, p. 89, Pl. vi, Fig. 1, at least for its nervation. It has 
also some analogy with Zizyphus hyperboreus, Heer, from which it differs 
by shorter, broader leaves, &c. 
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RIIAl\>INUS GOLDIANus, var. L.A.TIOR, Lsqx. 

Described with specimens from Golden. 

JUGL.ANS DENTICULATA, Heer, in ·Rept. 1871, p. 298. 

A large form, only found in fragments. It may be a new species. 

Carbon, above coal. 

TAXODIUM DUBIUM, Sternb. 

The same small form as the one published by Heer in Arct. Flor. I, 
p. 89, Pl. ii; Fig. 24 to 27. It is represented by a number of small but 
distinct specimens. 

PoPULUS AT'l'ENU.A.TA, AI. Br. 

Found also below the coal of the same locality. 

QUERCUS ACRODON, Lsqx., Am. Jour. Sm. and Arts, 1868, p. 205. 

A good specimen of this fine species. The ovate pointed leaf, wedge-
form to the petiole, has the borders deeply cut into large, sharp teeth, 
with straight, mostly simple, secondary veins, passing in an acute angle 
to the point of tile teeth. In this new specimen, the upper secondary 
veins are slightly curved in ascending to the borders. 

CORYLUS McQUARRYI, Heer, in Rept. 1871, p. 292. 

Represented by fragments and in various forms. I have not seen, as 
yet, an entire leaf of this species. 

FAGUS DEUCALIONIS, Ung. 

The same form represented in Arct. Fl. I, Pl. xlvi, Fig. 4. Speci
men found by Professor B. F. Meek. 

PLATANUS ACEROIDES, Gopp. 

A number of specimens, all imperfect, referable to this species by tile 
larger size, the thickness of the leaves and the coarseness of nervation. 

ZrzYPHUS ~iEEKn, Lsq:x:. 

Described above from specimens of the lower shale. 

ZIZYPHUS HYPERBOREUS (¥) Heer, Fl. Arct. I, p. 123. 

Leaf large, broadly lanceolate, largest below the middle, rounded
attep.uated to the short petiole, tapering into a long linear point, irregu
larly crenate; five-nerved from the base. 

This leaf is 10 cent. long with its short or broken petiole, 5 cent. 
wide ; the first lateral veins are as deep and thick as the medial one, 
nearly aerodrome; the marginal ones, thinner, ascending to above the 
middle; the Tertiary veins, or fibrillrn, are obliterated. This leaf 
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resembles the .figure of this species as given in the Groenl. Flora, Pl. 1, 
Fig. 20. It is, however, longer, and the lateral veins are stronger. The 
borders, mostly erased, appear obtusely crenate. 

JUGLANS RUGOSA, Lsqx. 

Broken specimens of a large form of this species. 
There are still a number of small .fruits or seeds, which should be 

named from Carbon specimens. As their relation to living species is as 
yet unknown, it is impossible to describe them clearly enough to give a 
good idea of their forms, without .figures. Among them is that Oarpolithes 
cocculoides, Heer, in Rept. 1871, p. 290, which I have found also at Golden, 
Black Butte and Evanston. They are reserved for publication in a final 
report. 

The upper shales, where the leaves and most of the fruits were found, 
near the Carbon mines, are, though hard, easily disagreggated under 
atmospheric influence. They are formed of sandy grayish clay and con
tain small Tertiary species of mollusks mixed with the vegetable re
mains. These are very distinct, their surface being coated by a pellicle 
of coaly matter. Could there be some fresh shale obtainable, one might 
have at Carbon rich and valuable specimens for the study of the botan
ical paleontology of the lJ pper Lignitic. 

Black Butte Station. 

The largest part of the specimens from this locality are from a bed of 
sandy yellow, somewhat hard shale overlying the main coal, in follow
ing the bed behind the hills, back of the opening into the vein. The 
shale splits horizontally, and the leaves may be, with some care, 
obtained in a good state of preservation. A number of specimens 
described separately were found at a higher level; at one place in con
nection with Saurian bones, at another with small Tertiary shells. 

SPHERIA MYRIC.JE, sp. nov. 

A small species upon leaves of ~Myrica Torreyi, Lsqx., forming rings 
1 mill. in diameter, with round black borders and very small, scarcely 
perceptible, scattered peri thecia. Resembles Xylomites varius, Heer, 
Fl. Tert. Helv., Pl. i, Fig. 9. 

0PEGRAPHA ANTIQUA, sp. nov. 

Nucleons linear, from 1 to 4 mill. long, larger in the middle, pointed 
at both ends, either single or united in two or three in opposite direc
tions, sometimes flexuous ; perithecium thick, split in the middle, hard. 

The specimen shows the print or counterpart of this species molded 
into clay, where the nuclei have been either left imbedded or have 
marked their forms very distinctly. They grew upon a large stem of 
Oaulinites sparganioides, Lsqx. 

HALIMENITES MAJOR, Lsqx. 

Described above from the Raton Mountains. The finest specimens 
of this species are seen in the sandstone below the coal of this locality. 
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.SEQUOIA LANGSDORFrr, Heer, Fl. Tert. Helv., p. 54, Pl. xxi, Figs. 3 
and 4. 

By the obtusely-pointed leaves, their decurrent base, their size, &c., 
·our specilllens are evidently referable to this species. Fragments of 
~onifers, though very abundant in the bottom clay of the lignite beds, 
are rarely found in the shale overl~ring them. 

PHRAG]HTES 0ENINGENSIS, AI. Br. 

Numerous fragments of leaves. 

FLABELL.A.RI.A. EOCENIC.A., sp. nov. 

Petiole long, flat, smooth, truncate at the point of union of the rays. 
The petiole is broken two inches below its top, which is exactly flat 

or truncate; the rays, about 30, are much diverging and expanding, 
from 1 mill. wide at the point of union with the petiole, to 3 cent. at a 
short distance above where they sep8.rate; primary veins eight, large, 
obtuse; space between them irregular, marked by 12 very thin obsolete 
secondary strim. By the truncate point of the rachis the species is like 
Fig. 4, Pl. i, of Flora Haringa., Ett., which the author considers as an 
intermediate form between F. Martii, Ung., and F. raphifolia, Sternb. 
Our species, however, has the top more straightly truncate, with a fiat 
<Smooth petiole. 

SABAL CAMPBELL II, (~) N ewb. 

Representee] by fragments of leaves or rays with obsolete nervation, 
and fruits referable to Carpolithes palmarum, Lsqx. 

SMILAX OBTUS.A.NGUL.A. (~ ) Heer, Fl. Tert. Helv. II., p. 166, PI. cxlvii., 
Fig. ~5. 

Leaf large, coriaceous, entire, hastate-cordate, seven-nerved from the
base. 

The leaf is too imperfect for precise determination; the lower part 
only is preserved. The lobes are still longer and less obtuse, or slightly 
more acute than in the quoted figures of this species. It is probably a 
new one. The division of the veins and their direction in the auricles 
cannot be seen. 

0.A.ULINITES SPARGANIOIDES, sp. nov. 

Stem 12 mill. broad, :flattened, horizontally wrinkled or warty, with 
distantly articulations, and comparatively large rootlets; branches 
alternate, distant, bearing sessile small ears, or groups of flowers. 

Fragments of these stems are numerous. The branch-scars are deep, 
round, marked in the center by a mamilla, either smooth, or with rays 
diverging, star-like. Smaller scars of the same form mark the point of 
attachment of ovate-cylindrical bodies, 3mill. in diameter, club-shaped or 
ovate-pointed, marked by protuberances like a receptacle with seeds. 
One of the branches bears thre{} oval-pointed buds at a distance of 1 
inch; one of them is open and appears to contain small seeds compressed 
between ovate, striate, thin involucels. A specimen with fragments of 
.stems and branches of this species is cov-ered with small seeds, placed 
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star-like upon a slightly inflated short pedicel; the seeds are obovat~, 
apparently surrounded by a perigynium like seeds of Oarex, or, rather 
similar by form and position to those published by Heer, Fl. Tert. 
Helv. III., p. 171, Pl. cxlvii., Flg. 28, as Laharpia ~1/mbellata. The buds 
along the stems are sessile and may represent unopened receptacles. 
The relation of these remains is as yet unknown. The stems, distantly 
articulate, bearing sometimes one large branch-scar, with smaller scars 
in rows, might be comparable to Phragmites. But they are entirely 
smooth, not striate in the length, and moreover differ by the mode of 
branching, and by the form of the scars. The relation to Sparganium 
seems at first admittable on account of the small sessile groups of 
flowers, qr of fructification; but this analogy, too, is rendered doubtful 
by the mode of branching and the articulations of the stems. 

POPULUS A'I.''I.'ENUA'rA, AI. Br. 

A small leaf, with strongly crenate borders. The leaf is still smaller · 
than the one in Fl. Tert. Helv ., Pl. lvii., Fig. 8, and could be referred to 
a variety of Populus mutabilis, repando crenata, but for the deeply 
crenate border and the thinner substance of the leaf. 

POPULUS LEUCOPHYLLA, Ung., in Rept. 1871, p. 256. 

A small leaf, with the borders less deeply undulate-lobed than in the 
form represented from European, and especially from Alaska specimens. 
They are merely deeply undulatP-. The nervation is distinctly that of 
the species. 

MYRICA ToRREYI, sp. nov. 

Leaves membranaceous, narrowly lanceolate, tapering to a long, linear, 
narrow point, gradually narrowed to a short, broad petiole, distantly 
toothed, penninerve. 

The medial nerve is broad, secondary veins numerous, variable in 
distance, emerging on a broad angle of divergence, 60°, ascending to a 
marginal vein which follows the borders, separated by intermediate 
veinlets, anastomosing with them in broad, irregular meshes. The 
leaves vary from 1n- cent. to 3 cent. wide, the largest is 16 cent. long 
from the base of the petiole, which is 2 cent. ; most of the leaves are of 
the larger size; the ·borders are distantly but distinctly obtusely 
toothed, as in Myrica (Banksia) longifolia, Ett., to which this species is 
closely related. It is, however, by its nervation, a true Lomatia, and by 
this character is referable to Lomatia borealis, Beer, Fl. Balt., p. 79, Pl. 
xxiv., Figs. 9 to 13, differing essentially from it as from Myrica longifolia, 
by the large size of the leaves, &c. The positive relation of these leaves 
to the genus Lomatia seems, however, controverted by the presence of 
small oval seeds, apparently seeds of JJ.iyrica, on the same shale as 
the .leaves. These nutlets are 3 mill. long and nearly as wide, obtuse 
on one end, slightly pointed at the other, convex and narrowly obscurely 
striate, resembling the fruits of Myrica acuminata, Ung., as published in 
Heer's ..Arct. Fl., p.102, Pl. iv., Figs. 15 and 16. One of my specimens 
bas even a fragment of a small catkin, like that represented ·,in Fig. 15a. 
It is therefore advisable to consider this fine species as belonging t() 
Myrica. 
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FICUS PLANICOSTATA, sp. nov. 

Leaves large, thickish, entire, elliptical or broadly ovate, slightly 
pointed or obtuse, rounded-subcordate to a short petiole, ·three-nerved 
from the top of the petiole, penninerve abov-e, nervation comptodrome. 

Species represented by a large number of fine specimens. The basi
lar secondary veins are branched outside, 5 to 6 times, the upper lateral 
veins at a distance from the basilar ones, are closer to each other, alJ on 
the same acute angle, 30°, to the broad, flat, medial nerve, ascendingt()o 
the immediate borders where they curve, following them ·as marginal 
and anastomosing in bows from one to the other. These secondary 
veins, too, are broad and fiat; nervilles very distinct in right angle to the 
veins. The size of these leaves vary from 72- to 12 cent. long, and from 
5 to 10 cent. wide. This fine species is distantly related to Ficus Schim
peri, Lsqx., of the Mississippi flora. 

FICUS PL..A.NICOST.A.T.A., var. L.A.TIFOLI.A., Lsqx. 

This form differs so much from the primitive type that it should, per
haps, be considered as a distinct species, though the nervation is the 
same. The leaves are broadly round, broader than long, with a short, 
scarcely-marked, obtuse point, cordate at ·base, with the borders curv
ing down ward and slightly decurring on .the short broad petiole. 
These leaves are 10 cent. broad and 7 to 8 cent. long, resembling Ficu8 
tilirefolia, A. Br., but of a thinner texture, of equilateral base, and of 
less coarse nervation. Though there is no transitional' form between 
this form and that described in the former species, I consider them as. 
yet as varieties. 

The shales ·bearing these leav-es have also some small fruits of Ficus, 
probably referable to the same species. They are nearly round, abruptly 
narrowed to a short, broad pedicel, irregularly wrinkled, of the same 
size and form as the fruits of Ficu.s dimidiata, Gray, of Cuba. 

On the same specimens, too, there is a slender branch with oppo
site, small leaflets, which, though still unopened, are referable to tllis 
species by their nervation. The branch is smooth, inflated at the point 
of attachment. It bears two pairs of these leaves at a distance of 2~ 
cent., with naked opposite branchlets between them. These leaves are 
scarcely 2 cent. long. 

Ficus TILI1EFOLIA, (~) Al. Br. 

A mere fragment of a large leaf, referable to this species on account 
of its coarse nervation and rugose surface. 

FICUS CLINTON!, sp. nov. 

Leaves of a thinner substance, comparatively small, entire, broadly 
ovate, oblong, obtuse, rounded at the base, three-nerved from the top 
of the petiole, with two upper pairs of secondary veins at a distance 
from the· base, camptodrome. 

This species, represented by numerous specimens, bas, too, some like
ness with the varieties of Ficus planicostata, Lsqx. It has, however, 
leaves of much thinner texture, with only two pairs of secondary veins 
at a great distance from the basilar ones, all much smaller in size, va
rying from 3 to 6 cent. long, broadly oval, entire, and more or less ·un
dulate on the borders. The two basilar lateral veins ascend by an acute 
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angle of divergence to the borders, near the middle of the leaves, where, 
without curve, they enter the margin and follow it. The two upper 
pairs of lateral veins are nearly opposite, diverge from the medial nerve 
in. a less acute angle, and enter and follow the borders like the other 
divisions, the fibrilles are thick, their divisions and the areolation dis
tinct. A beautiful small species, very distinct, though the differences are 
scarcely appreciable from description. 

FICUS (~) CORYLIFOLIUS, sp. nov. 

Leaves thick, coriaceous, oblong or ovate-lanceolate, entire, taper
ing downward to a petiole; penninerve; medial nerve thick; secondary 
veins alternate, mostly craspedodrome. 

These leaves, represented in many specimens, are deeply, coarsely 
veined, the lowest secondary veins much divided, their branches anas
tomosing in bows along the borders, the upper ones passing to the bor
ders and entering them like their division or craspedodrome, therefore 
with a complex narration like the leaves of some species of Quercus. 
The leaves vary from·· ovate-pointed to broadly lanceolate. I do not 
know of any relation to this species. 

FICUS HAYDENII, sp. nov. 

Leaves subcoriaceous, entire, ovate, tapering into a long twisted acu- · 
ruinate point, round truncate, or attenuated wedge form, to a long peti-
ole ; pinnately nerved. · 

These leaves, with the form of leaves of Populus, are related to those 
of Ficus appendiculato or Ficus populina, Heer. They are, however, pin
nately nerved, with numerous open parallel secondary veins, curving in 
passing to the borders, and uniting in bows to the upper ones at a short 
distance from the borders. These secondary veins scarcely branch, but 
they are joined at intervals by strong fibrillrn ; their angle of divergence 
is about 4oo. The nearest relation to this species; in fossil plants at 
least, is Ficus rnaravigna, Mass., Fl. Senig., Pl. xxxr, Fig. 7. 

PLATANUS GUILLELM.lE, Gopp. 

Very rare in the shale of Black Butte; represented by one good speci
men only. 

BENZOIN AN1'IQUUM (~) Beer. 

One leaf referable to this species is, by its form and nervation, like 
.Fig. 1, Pl. xc, of Fl. Tert. RelY. It is, however, indistinct, and its 
specification somewhat uncertain like that of the leaf from Golden. 

DIOSPIROS BRACHYSEPALA, Heer, Fl. Tert. Helv. III, p. 11, Pl. cii, 
Figs. 10 to 14. 

Leaves entire, lanceolate, obtusely pointed, narrowed to a petiole, 
pennately nerved, lateral veins oblique, brachiododrome. 

A number of specimens, all agreeing with the figures and description 
of this species. The petiole is 12 mill. long, the secondary veins, emerg
ing at an acute angle of divergence, are somewhat distant, curve in 
bom, and anastomose along the borders. 
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DIOSPIROS ANCEPS, Heer, Fl. Tert. Helv. III, p. 12, Pl. cii, Figs. 15 to 18. 

The leaves of this species, of which we have also many specimens 
from the same locality, are proportionally broader and shorter, with a 
shorter, thick petiole ; the nervation is more simple, the secondary 
veins, and their divisions more irregularly branching and anastomosing, 
and the base of the leaves more rounded to the petiole. The secondary 
veins branch outside, and their bows along the borders are formed by 
anastomose with the upper branches; the Tertiary divisions are, how
ever, simple. The lower pair of secondary veins is generally opposite 
the other alternate, all more curved in ascending than in the former 
species. 

VIBURNUM 1\IARGINATUM, sp. nov .. 

Leaves broadly ovate, or obovate, cuneiform to the petiole, round trun
cate upward, abruptly short-pointed, regularly toothed, strongly pin
nately veined, craspedodrome. 

This species is represented by a large number of specimens, indicating 
its numerous distant forms. So different, indeed, are some of these 
leaves that but for the permanent character of their nervation it would 
be impossible to consider them as representing the same species. The 
small leaves are about 5 cent. long, half as broad in the upper part, or 
above the middle, tapering downward to the petiole. The largest are 12 
to 14 cent. long, fully as broad below the middle, abruptly contracted to 
the petiole, rounded upwards, or often nearly truncate to a short point 
entered by the end of .the medial nerve. The secondary veins are like 
the medial nerve-broad, straight, distinctly marked, 5 to 6 pairs, at an 
acute angle of divergence, 15 to 20°, all more or less branching outside, 
according to their position, the branches straight, the largest ones sub
dividing, and all the divisions entering the point of sharp teeth turned 
outward, regular in form and distance. The petiole is half an inch long, 
inflated at its base. The fruit is oblong, round, truncate at one end, 
round, short-pointed at the other, contracted in the middle. By its 
nervation this species is closely allied to our Viburnum pubescens, Pursh; 
the dentation of the leaves is like that of Viburnum dentatum, L., while 
the veins and their divisions are of the same type as in Viburnum lan
tanoides, Mich., and covered, as these, by a thick coating of villosity. 
It extends, too, around the borders, marking them in black, like the 
veins and their divisions, and .forming a narrow, distinct border all 
around the leaves. The fossil leaves especially differ from those of the 
living species by their attenuated or wedge-form base. Some of the 
species of. Viburnum and Tilia, described by Professor Newberry in his 
notes on the extinct floras, appear to be referable to this species ; but 
from the descriptions it is not possible to make an exact compari
son. The ultimate nervation is distinct in many of our leaves. The 
thick fibrill::e in right angle to the secondary and tertiary divisions 
branch irregularly, forming an irregular loose netting of mostly pen
tagonal meshes. The leaves are dentate only from below the middle, 
or from the point where the secondary veins or divisions reach the 
borders. 

VIBURNUM vYYMPERI, Heer, Arct. Fl., II, p. 475, Pl. xlvi, Fig. 16. 

Leaf ovate, narrowed to an obtuse point, wedge-shaped, rounded to 
the base, penninerve, craspedodrome. 
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Our leaf is slightly smaller, but exactly of the same form and nerva
tion as that published by Heer from North Greenland. It evidently 
differs from V. mm·ginat~tm by its more rounded and elongated form, by 
the nervation less deeply marked, the veins not blackened, and less 
divided, the upper secondary veins simple, the tertiary areolation more 
deeply and equally marked, and the borders less deeply, acutely, and 
equally dentate. In the Spitzberg :flora Professor Heer has described 
and figured Pl. XIII, Figs. 3 to 23, some fruits which be refers to this 
species. Their form is different from that of the fruit of Viburnum mar
ginatwn, which resembles that of Fig. 24, of the same plate, referred to 
Vib1trnurn macrospernwm, Heer, known only from seeds, ours being 
merely slightly smaller, with a- small point in the middle of the round 
truncate top. 

VIBURNUM CON1'0RTU11, sp. nov. 

Leaves small, obovate or nearly round, unequal at base, rounded on 
one side, attenuated at the other, curved; borders entire or obscurely 
serrate ; nervation, pinnate, craspedodrome. 

Two leaflets of this species, which might be considered as varieties of 
YiburnUJn 1narginatum, but for the irregular and different form of the 
leaves, and their entire borders; one of the leaves, however, is slightly 
toothed. The nervation is of a same type, but the secondary Yeins more 
distant and less numerous. 

CISSUS LOBATO-CRENATUS, sp. nov. 

Lea Yes thickish, coriaceous,smooth, nearly square in outline; abruptly, 
short obtusely pointed, round truncate to a broad petiole, crenate short
lobed all around; nervation, tri-nerved from the base, alternately pin
nate upwards, craspedodrome. 

A number of leaves variable in size from 2~ to 9 cent., nearly square, 
with generally two obtuse, short lobes on each side, crenate like the 
borders between them. The basilar veins branch outside, and pass into 
the obtuse point of a lobe. The smallest of these leaves are somewhat 
like some varieties of Popul~ts m1ttabilis var. repando-crenate, lleer; far 
different, however, by the nervation. 

VITIS TRICUSPIDATA, Heer, :Fl. Bait., p. 91, Pl. xxviii, Figs. 18 and 19. 

Leaves small, enlargeu on the sides, three-lobate, lobes pointed, spar
ingly dentate. 

Our specimens present a true counterpart of the figures given of this 
species. It is related to the former. In the small leaves, the teeth are slight
ly obtuse, but in the large ones they become, with the lobes, more distinctly 
pointed. Per contra, the large Jeaves Qf Oissus lobato-crenatus are 
more and more obtusely and obscurely crenate and dentate. Both forms, 
hovever, may represent varieties of one species of Oissus. No transi
tion is remarkeu from one form to the other in our specimens. 

:MAGNOLIA INGLEFIELDI (f), Heer, Fl. .Arct., p. 120, Pl. xviii, Fig. 1. 

J.Jeaf elliptical, subcoriaceous, entire, medial nerve thick; secondary 
veins distant, camptodrome. 

The leaf resembles by its form the figure quoted above; the nervation 
appears a.bont the same, differing only by the lowest secondary veins 
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being in our leaves on a broader angle of divergence th~n that of the 
upper veins. In Beer's Fig. 1, loc. cit., the lowest veins are more in
clined. But in another, Fig. 3a., of the same plate, the secondary veins 
are still more open than in our leaves, though all parallel. All our 
specimens have the lower part of the leaf destroyed; the comparison, 
therefore, is not conclusive, though these leaves belong evidently to a 
Magnolia of a same type. 

SAPINDUS CAUDAT"'GS, Lsqx. 

Described above with specimens from Golden. The leaves here are 
~lightly shorter, narrowly taper-pointed or with a shorter point than 
those of Golden, indicating thus still more the relation of this species 
with Sapindus dubius, Heer. 

ALEURI'l'ES EOCENICA, sp. nov. 

Leaves membranaceous, thickish, oval, pointed, wedge-shaped to a 
long petiole, minutely and distantly glandulosely denticulate, penni
nerve; secondary veins alternate parallel; nervation complex. 

Many fragments with one leaf preserved in its whole. It is 62- cent. 
long, 2n- cent. broad in the middle, its widest part, with a petiole of the 
same length, 2~ cent. long. The nervation is complex and mixed. The 
secondary veius, emerging under an angle of 40°, either curve at a dis
tance or near the borders in angular bows, their branches passing 
straight from the angles to the borders, where they enter a very small 
round glandular point; or these secondary veins themsel\es pass up 
after anastomosing on both sides, and enter, too, a small gland of the 
borders. The same nervation and same form, consistance, &c., of leaves 
are marked in Aleu/rites triloba, Gr., of Cuba. I consider these leaves 
referable to this,genus. 

r ALIURUS ZIZYPIIOIDES, sp. nov. 

Leaves subcoriaceous, entire, oYal, or obovate obtuse, curdng down 
w&rd to a thick, short petiole, five-nerved, the two lowest lateral veins 
from the borders of the petiole, the other from the medial vein a little 
higher; camptodrome. 

The leaves vary in size, the largest om~, nearly round, being 5 cent. 
wide. They are properly three-nerved from the base, the lowest veins 
being rather marginal ones, much shorter than those of the first pair. 
These ascend in acute angle to the borders, which they follow, branching 
outside; the medial nerve is pinnately divided from the mi<ldle upward. 
The same species, represented by a smaller leaf, has been found at Erie. 

RHAMN"'GS RECTINERVIS, Heer. 

Hcpresented by two good specimens. 

RHAMNUS DECHENII, \Veb., Pal., VIII, p. 90, rl. vi, Fig. 2. 

A broken specimen only·, representing, however, tbis species. It 
merely differs by the more deeply-marked nervilles. The secondary 
"Veins are not as strong and deeply marked as in the former species. A 
broken specimen from Golden by Professor B. F. Meek is also referable 
to this. 
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RHAMNUS DISCOLOR, sp. nov. 

Leaves membranaceous, entire, round or ovate, narrowed into an 
obtuse point, rounded to the short, thick petiole; secondary veins simple, 
8 to 10 pairs. 

A fine species, with leaves varying in size from 2~ to 6 cent., oval, or 
sometimes round, emarginate, or obtuse at the point; secondary veins 
diverging 40 to 50°, curving in ascending to and along the borders 
where they are united by strong nervilles; always discolor, an indica
tion that they were covered with a villosity, and either black on the 
yellow surface of the leaves, or yellow upon the black ones, often split 
in the length by maceration; nervilles distinct and distant. It has 
some affinity of nervation with Rhamnus brevifolius, Beer, Fl. Tert. 
Helv., p. 78, Pl. cxxiii, Fig. 27, for the curving of the veins along 
the borders. The lowest pair of veins join the medial nerve by a 
downward (decurring) curve. Closely allied by the form of the leaves 
and the nervation to Rhamnus Purshianus, D. C., now living in Oregon. 

JuGLANS BALTICA(~), Heer, Fl. Bait., p. 98, Pl. xxix, Figs. 9 and 10. 

A fragment only, with the point and base broken. The form of the 
leaf and its peculiar nervation refer it to this species. The leaf is of a 
thin texture. 

JUGLANS RUGOSA, Lsqx. 

Represented by uncomplete but identifiable specimens. 

CARPOLITHES P ALMARUM, Lsqx. 

A few specimens of the same characters, form, and size as those 
obtained at Golden. 

CARPOLITHES FALCATUS, sp. not\ 

A small scythe-shaped fndt, attenuated at both ends, narrowly and 
distinctly striate in the length, 2 cent. long, 4 mill. wide in the middle, 
pointed at one end, blunt at the other. The relation of this species is 
as yet unknown. 

Black Btdte, saurian bed. 

The station of this bed is about 150 feet higher in the measures than 
the shale, with fossil-plants of the former section. The matter, embed
ding leaves, fragments of wood, of .charcoal, ash, clay, fossil Cones and 
shells all kneaded and mixed together, bas been hardened by fire and 
breaks with difficulty and in irregular fragments. It contains an abund
ance of vegetable remains, mostly broken, however, and in a bad state 
of preservation. 

SABAL CAMPBELLII, Newb. 

In large specimens bearing, as elsewhere, the character of yery narrow, 
close, indistinct strire of the rays. 
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FICUS CORYLIFOLIUS, Lsqx. 

Described from the lower station, the shale abo"Ve main coal. Professor 
B. F. Meek found in this saurian-bed a fine leaf preserved entire. 

LAURUS onovATA, Web. Pal., VIII, p. 66, Pl. iii, Fig. 4. 

Leaf coriaceous, entire, oblong-ovate, acuminate, narrowed to a 
petiole, pinnately nerved, secondary veins very thin, the lowest ascend
ing parallel to the borders. 

The lowest veins of this leaf only are discernible in the two leaves 
found. These are slightly broader and shorter than the one figured as 
marked above, and could be referred to Laurus benzoidea, Web., Fig. 5 
of the same plate, but for the secondary veins on a more acute angle of 
di"Vergence and the narrower medial nerve. I believe, howeve-r, that 
both these leaves of Weber represent the same species. 

PLATANUS RAYNOLDSII, Newb . 

.A large fragment of this fine species. The borders are scarcely 
dentate or less acutely toothed than in the normal form. The substance 
of the leaves is evidently coriaceous. 

VIBURNUM DICHOTOMU:l\f1 sp. nov. 

Leaf subcoriaceous, thickish ovate-oblong, obtusely pointed, round, 
slightly cordate to the petiole, sharply serrate from above the middle, 
pinnately nerved. 

The lowest secondary veins are opposite, at some distance from the 
upper ones, emerging on an angle of 300 to 35o, branching thrice; the 
upper secondary veins are alternate and dichotomous-like, in separating 
from the medial nerve, two on each side; the teeth of the borders are 
entered either by the point of secoudary vein or of their branches, as 
in Viburnum marginatum, Lsqx., to which this species is allied. It 
however di:fi'ers by the greater thickness of the leaves, the smooth sur
face, the form of the teeth, whose points are turned upwards, and 
especially by the peculiar nervation. I have found a single well-pre
served entire specimen of this form. Professor B. F. Meek has another 
fragment of the same from the same locality. This species is, by its 
leaves at least, intimately related 1.o V,iburmtm ellipticum, Hook, .of 
Oregon. 

Black Butte, red bakecl shale. 

These shales form the top of small hills about at the same level as the 
saurian-beds, and at a short distance to the east. They are as bard as 
bricks, and of the same color. By disintegration they are parted in thin 
lamellro in the plane of stratification, but no good specimens can be 
obtained by the hammer. 

PHRAGMITES 0ENINGENSIS, Al. Br. 

Fragments of roots and rootlets. 

}fYRIC.A TORREYI, Lsqx. 

Described already from the shale above the main coal of this locality. 
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QUERCUS WYOMINGI.A.NA7 sp. not\ 

Quercus Olafseni var., Heer, .Arct. Fl., p. 471, Pl. xlix, Fig. 1. 

.A. large ovate lanceolate pointed leaf, with borders undulate, or marked 
by distant short teeth; nervation penninerve, craspedodrome. · 

Heer, loc. cit., has consi<lered this species as probably a variety of 
Quercus Olafseni, which is described in the first vol. of the .Arct. 
:Flor., with numerous figures. .All these show the borders doubly 
.and obtusely dentate, with mostly simple secondary veins, on a broader 
angle of divergence and somewhat curving in ascending to the borders. 
In this leaf of Black Butte, as in that considered as a variety by Heer, 
the borders are merely undulate, or distantly marked with short, pointed, 
simple teeth, while the secondary veins are on a more acute angle, 
straight and comparatively much branched. The permanence of these 
characters, remarked in our specimens from Black Butte, force us to 
consider them as specific. 

EucALYPTus HAERI~GIANA (n, Ett., Bar. Foss. Fl., p. 8±, P l. 
xxviii, :Figs. 2 to 25. 

Leaves small, linear-lanceolate, pointed, tapering to the base, thickish, 
entire, medial nerve thick, nervation obsolete. 

The similarity of these two leaves of ours with those loc. cit. Fig. 4, 
7, and 11 is perfect; but in the European species, as in ours, the nerva
tion is obsolete, and the mere outlines of leaves of this kind, without 
comparison of specimens, are not sufficient for identification. 

)1Ac0LINTOCKIA LYALLII~ Heer, .Arct. Fl., i, p. 115, Pl. xv, Fig. 2. 

A mere fragment, good enough, however, to show the characters of 
this remarkable species. It is the lower half of a coriaceous, entire, 
lanceolate, or oblong leaf, marked by five primary veins, with alternate 
thinner secondary ones, all nearly parallel. The detailg of areolation 
are not discernible. 

RHAMNUS 0LEBURNI7 Lsqx. 

Species described from Golden specimens. Professor B. F. ~leek 
found two fine leaves of the same species also in burnt red shale of 
another locality. The specimens are labeled: In the hills west of Black 
Butte. 

RHAl\INUS SALICIFOLIUS 7 Lsqx., .Am. Jour. Sci. & Arts, 18G8, p. 206. 

Found, like the former, by Professor Meek, at the same.locality. 

JuGLANS RHA.MNOIDES, Lsqx., Rept. 1871, p. 294. 

Represented by a large number of good specimens. However, the 
relation of these leaves is still uncertain; some of them, by strong 
fibrillre and secondary veins less curved, appear referable to Rhammts 
Eridani, Heer, though different by the form of the leaves, while others 
have a nervation more analogous to species of Juglans, especially to 
Juglans r'ugosa, Lsqx:. 
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Eranston. 

The materials taken out of a tunnel and heaped near Hs mouth, when 
former explorers visited. tllis place, have furuislled, especially, the speci
mens from wllich tlw descriptions of species were made in the former 
Report and its Supplement. vVhen I passed Evanston, these shales, 
rich in remains of fQssil plants: had been coYered with slack, and the 
whole heap was burniug. I could therefore obtain little materials in 
addition to those from which is <leriYe<l our acquaintance with the flora 
of that locality. 

POPULUS ARCTIC A, Heer. 

A species common in the Upper Lig11itic formation, already remarked 
upon with specimens from Uarl>ou. 

POPULUS MUTABILIS REPANDO-CREN.A'l'.A., Heer. 

A splendid l~af of this species, 15 cent. long, without the 8 cent. long 
petiole, and. 8 cent. broad toward its round truncate base; of exactly 
the same. form as Fig. 4, Pl. lxii, of Flor. Tert. Helv. Tbis leaf is dis
tinctly preserved upon a block of sandstone used for construction at the 
mines of the Wyoming Company. 

ALNUS KEFERSTEINII, Heer, in Rept. 1871, p. 292. 

A species represented with numerous and well-preserved remains. 

BETULA STEVENSONI, Lsqx., Rept. 1871, p. 293. 

Like the former, very common at Evanston. I found. mi:s:ed with the 
lea\'es some bracts of Betula, referable to two different species. Oneof 
the forms is comparable to the bract figured by Heer in Flor. Arct., Pl. 
xxv, Fig. 25, which he refers to Betula prisca, Ett. The other, with 
the three divisions short and pointed, is of the same t.ype as that of 
Fig. 30 of the same plate named Betula Fm·shamrneri, Heer. Perhaps 
both forms belong to the same species. I consider, hmveyer, the first 
and more common one as referable to Betula Stevensoni, Lsq:s::., most 
commonly represented by its leaves; and tlte second to Betula caudata, 
Gopp., a few lea yes of which have Leen found at Evcmston. ~~ith these 
bracts are mixed some m·ate-pointed seeds, truncate at the lower 
part, without wings, and twice as large as the seeds of Bet~lla. They 
may be referable to Almts K~f'ersteinii, beiug, for the upper part at 
least, of the same form and size as those figured by Heer, same plate as 
aboYe, Fig. 8. The lower part of the Arctic specimen is, howeyer, 
deHtroyed. 'Ihe shale at E\~anston has, as at Carbon, many species of 
fruits which can be described only with figures. 

DIOSPIROS LANCIFOLI.A, Lsqx., in Rept. 1871, p. 293. 

The leaves referable to this species are very numerous and Yarial>1e
in size. I found, in conneciiou with them, a round or slightly oYal
tumid nutlet, 9 mill. in diameter, smooth, like that of some svecies of 
Prmws. These lea Yes might then be referable to a thick-leaYed Pnm'us11 
like P. sphmrocwrpa, Lois., of Cuba. 

26 G S 
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RHA!'INUS RECTINERVIS, IIeer. 

Tlte same form as described in Rept. 1871, p. 295. 

RHAl\'lNUS onov .ATus, Lsqx. 

Represented in two badly preserved specimens. They are, howeyer, 
ea::;ily ideniifia,ble. 

RHUS EVANSII, Lsqx., Rept. 1871, p. 293. 

The specimens are of the same size and form as those described in the 
report. 

JuGL.ANS RH.AMNOIDES, Lsqx., Rept. 1871, p. 293. 

Already described from the same place. 

CARY.A .ANTIQUORUM, Newb., Rept. 1871, p. 294. 

I found a large number of well-preserved leaves referable to this 
species, some larger still than the one formerly described. The general 
form is of the same type as tllat of Juglans rugosa; the borders of the 
leaYes, however, are erennlate and the secon<lary veins craspedodrome, 
their points and their divisions entering the crenules, the lowest ones 
after curving along tile borders. There is a great variety in the nerva
tion of these leaves. Their substance is thickish, subcoriaceous. 

CASSIA CONCINN.A, Heer, Flor. Tert. Helv., III, p.122, Pl. xxxviii, Ii'ig. 41. 

The :figure given by Heer represents a branch of apparently unfolding 
leaves. vVe have one specimen with a single leaf so remarkable in form 
and so exactly similar to that figure enlarged, 4.16, loc. cit., that it, is 
impossible to doubt that it represents the same species. It is, however, 
uncertain if these leaves represent a species of Uassia. The youug 
branches of Peltopho'tu?n adnaturn, Gr., of Cuba, bear leaves of exaetly 
the same form. TlJe half opened lmds of our Gleditschia. triacanthos 
haYe also their leayes of tLe same kiud. 

CALYCI'l'ES ITEXAPHYLLA, sp. nov. 

An open calyx or involucre of a detached fruit, at the top of a slen
der pedicel. The point of attachment is round, 4 mill. wi(le, with a cen
tral small mamilla 1 mHJ. broad; the follicule divides at a short dist:mce 
from the central point iu six linear, entire, undulate, obtuse segments, 2 
cent. long from the central point, diverging star-like, coriaceous and 
narrowly striate in the length. Tile central point evidently warks this 
regetable as representing a calyx, rather than a coriaceous corolla. It 
may be compared to what Dr. Newberry bas named Oalyoites JJO~IJsepala, 
though the form of the divisions is f~l.r different. It is apparently refer
able to an involucre or persistent ealyx of some Lauracea:, or perhaps of 
some IJiospi'ros, though few species of tuis genus llave hexamerous 
diYisions. 
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0ARPOLI'l'HES ARACHIOIDES, sp. nov. 

Fructification racemose; branches Ion g, 3 mill. thick, bearing alter
nate, oblong-oYate pointed capsule::;, striated in the leugth, inflated at 
one side near the point like a one-celled pod. 

These capsules or pO<ls are turned upward in the nppPr part of the 
branches, downward or pending in the lower part, 2~ cent.loug, 1 cent. 
wide in the middle, rounded to a short pointed acumen, narrowed to 
the point of attachment, where they are generally somewhat more 
inflated on one side than on the other, distinctly striate in the leugth 
except on the inflated part near the point, where they arc obscurely and 
transversely wrinkled. These racemes of fructifications, of which I 
obtained goou and distinct specimens, are in dee~ remarkable; bnt 
their relation is as yet unknown. Nothing of this kind bas been pub
lished, and, except the pods of our pea-nut plant, Arachis hypogrea, L., 
which they distantly resemble, I <Jo not know any living species to 
which they may be compared. 

CAr..POLITHES PAL:Y.LARUM, Lsqx., Supt., p. 13. 

As yet no remains of leaves of Sabal have been found at Evanston; 
the relation of fruits from this locality to species of palms is still 
doubtful. 

Professor l\Ieek has, too, among his specimens, a few fragments of 
Platanus Guillelmre, Gopp., already described from this locality, and 
one obscure fhtgment of Platan'lls, which appears to belong to P. 
nobilis, Newb.; this last is, however, uncertain. 

Elk Creek, near Yellou·stone River. 

Specimens in fragments of hard metamorphic calcareous shale, most1y 
representing pieces of leaves of Platanus nobilis, Newb., labeled A. 0. 
Peale, Jos. Savage, and 0. 0. Sloane. 

0YPERITES ANGUSTIOR, Al. Br. 

The specimen is distinct, and agree exactly with the figure of tbis 
species in Heer, Fl. Tert. Helv., p. 7D, Pl. xxix, Fig. 7 .. Tlw leaf is 2z 
mill. broad, with a thick medial nerve ~ mill. or more, smooth surface, 
and secondary veins totally obsolete. Tllis fragment of leaf is enlarged 
at its base( ~) into what appears to be a vagina, ern bracing a cylindrical 
culm (~) preserved in its cylindrical form like a small branch of petrified 
woo<l. The preservation of this grass stem is accountable by the nature 
of tile embecldiug substance, which is e\·idently a kind of calcareous 
tufa. 

FAGUS ANTIPOFI, Heer, Fl. Foss. Alask., p. 30, Pl. YII, Figs. 4-8. 

Leaf elliptical, narrowed by a curve to i.ts base, lanceolate-pointed, 
entire, membranaceous; secondary Yeins straight, oblique 300 to 3uo, 
simple, numerous. 

This form is referable to Heer's species by its general outline and 
characters, especially to var. a: leaves o\·ate, lanceolate, very entire. 
One leaf is, however, shorter and broader and apparently more abrnpt1y 
pointed, (the point is broken.) The nervilles, too, are at right augle 
to the medial nerve and more oblique to the secondary yeins. The 
nernttion is that of our living l?agtts ferruginea, A it. 
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PLATANUS NOBILIS, Newh. 

Represented by a large number of fragments. 

JUGLANS RUGOSA7 Lsqx. 

Only an obscqre specimen. 

CARPOLITHES OSSEUS, sp. 1101'. 

Fruit hard, covered with a thin, bony shell, compressed, oval, round, 
obtuse at one end, obtusely pointed (~) at the other. 

The point is half destroyed. This fruit is 6 cent. long, 3 cent. wide in 
the middle, irregularly narrowly striate in the length and rugose on the 
surface. It has the form of a large nut, like those of some species of 
Astrocarywn of the Palms. It is slightJy fiattene<l, apparently by com
pression. 

Si.x miles above Spring Oafion, near Fort Ellis. 

I have to place in a single division a number of specimens marked 
with three kinds of labels, for the reason that they represent some iden
tical species from the different localities, and appear, therefore, as from 
the same horizon. These labels are: "Near Fort Ellis, above coal; A. . 
C. Peale, Jos. Savage." "Above Spring Calion, near Fort Ellis; Jos. 
Savage, W. H. Ho1mes.'7 "Six miles above Spring Calion ; A. U. Peale, 
J os. Savage." All the specimens are of a very lmrd, metamorphic 
shale, breaking across the plane of stratification, therefore, mere frag
ments, rarely representing an entire leaf. The localities are indicated 
for the new or interesting species of this section. 

, 
GYMNOGRAMMA HAYDENII, Lsqx., llept., (1871,) p. 295. 

Two specimens of this species, from above Spr~ng Calion . 

.ABIE'riTES DUBIUS, Lsqx. 

Described formerly with specimens from the Raton Mountains. The 
specimens are from near Fort Ellis, above coal, and above Spring Caiiou. 

ABIES SETIGERA, sp. nov. 

I.1eaves distant, simple, very narrow, needle form, in right angle 
around and from the branches. 

These very narrow filiform leaves are 18 n1ill. long, less than one mill. 
wide, linear sharp pointed, abruptly enlarged at the base in the point 
of attachment to the branches, from which they diverge all around in 
right angle. Tbe leaYes are nerYed, channeled on one side, keeled at 
the other. It has no relation to any fossil or liYing species known as 
yet. 

SALISBURI.A POLY.MORPH.A, Lsqx., Ment. Jour. Science and Arts, (18.:59,) 
p.362. 

Leaf fan-like in outline, tapering or wedge :(orm to tbe base, divided 
upwar@Z in lobes of various forms, either linear oblong obtuse 8r lance
olate, short or deeply parted. 
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ThQ medial vein is marked to above the middle; the veins very thin, 
close, straight, or nearly so~ <:lichotore.ous in ascending. ".From six miles 
above Spring Canon." 

A very fine and well-characterized species, mentioned from specimens 
in the collection of Dr. John Evans from Vancouver's Island. The 
plants from this locality were described and fignred for a final report, 
which was delivered to Dr. Evans. but has uever been published. A 
short mention only is made of this species in the Journal. Tlte pre8-
ence of this leaf, easily identified, in strata evidently Eocene, with 
species wllich, like Plcttanus acero-irles, Quercus Pealci, Oinnamomwn 
Rossmaessleri, &c., cannot l>e considered as Cretaceous, confirm my 
opinion on tile Tertiary age of coal of Vancouver, loc. cU. 

0AULINITES SPARGANIOIDES, I .. sqx. 

Described above with specimen~ from Black Butte. 

POPULUS LEUCOPHYLLA, Ung. 

_t\. small leaf, representing the variety· figured by Gaudin, 1st Mem., 
Pl. h·, Fig. 3. 

''Near Fort Ellis, above coal.'' 

POPULUS l\fUTABILIS, VAR. REPANDO CRENA'l.'A, Heer. 

A fine leaf, the upper half of which is, however, destroyed. The pre
served part is 6 cent. long, 6 cent. wide in the middle, the petiole 5 
cent. long. The second pair of lateral veins is nearer to the basilar ones . 
than in any of the leaves in Beer Flor. Tert. Helv., p: 62; but this dif
ference is scarcely noticeable for leaves of so variable a species as this. 
Tllough very common in the European l\<1iocene, it has few represen La
tives in our Eocene flora. 

SALIX ANGUSTA, (~) AI. Br. 

The specimen represents only the middle part of a linear leaf, 4 cent. 
long, 12 miil. wide, with numerous secondary, deeply-marked veins, curv
ing along the borders, and forming undulate margins by their depressions. 
'l'his fragment is of the same type as that published by Ludwig in Pnl. 
"\Vetter. Braunkohle, Pl. xxxi, Fig. 2d, which, too, llas the borders undu
late by the depression of the veins. On account of the imperfect frag
ment, the identification is, however, uncertain. 

ALNUS KEFERSTEINII, Gopp. 

In broken specimens. ''From six miles above Spring Calion/' 

QUERCUS WYOl\HNGIANA, Lsqx. 

Like the former, in fragments. "From near Fort Ellis, above coalY 

QUERCUS PLAT.ANIA, Heer, 'Dar. ROTUNDIFOLIA. 

Leaf round in outline, obtuse or obtusely short-pointed, deeply cor
date at base, borders undulate. 

These leaves are three-nerved from the base, with two or three pairs 
of upper secondary veins, paralle1, mostly opposite, craspedodrome, 
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branching outside, and connected by strong nervilles. This form ap
pears at first specifically different from Heer's species and also from the 
leaf referred to it from Carbon. The leaves, 9 cent. broad and just as 
long, have entire undulate borders, and the base merely cordate. One 
of them, the best preserved, has only three pairs of secondary veins ; 
the lowest ne<-~rly as strong as the medial nerve, much divided outside, 
ascending to the borders in an angle of divergence 50o; the other, at ::t 
more acute angle, 40°, branching, too, and connected with strong ner
villes, the leaf, except for its form, appearing a leaf of Platanus. A 
number of specimens, however, present marked differences intermedi
ate between this leaf and those from Greenland, not only in the ner\a
tion, but in the basilar, auriculate borders, which, too, in one specimen, 
are dentate. From this, as from the leaf described at Carbon, this 
species appears very variable and well represented in our northern Lig·
nitic formation. I have not seen it as ~7 et south of Carbon. The leaf 
of ours bas evidently a long petiole. 

LAURUS PRIMIGENIA, Ung., Fl. v. Sotzka, p. 38, Pl. XIX, Figs. 1-4. 

Leaves thick, coriaceous, lanceolate, tapering to a long petiole; lower 
secondary veins at an acute angle of divergence. 

One of the specimens represents the lower half of a leaf with a still 
longer petiole, than marked by Unger, l'oc. cit.; another has only the upper 
part with the point broken. In both the cllaracter of nervation aiHl tlle 
form of the leaves agree with those of this species. The l0west pair of 
secondary veins is at a , more acnte angle than the upper ones, and 
ascends higher along the borders. In one of the specimens some ner
villes go out from the medial nerve as intermediate veinlets to the 
secondary veins. The ultimate divisions, however, pass into round, 
very small, areol::e, the whole of the same type as in Laurus princeps, 
Heer. 

QuERCUS PEALEr, Lsqx., Rept. 1871, p. 297. 

Many specimens of this fine species indicate tbe form of t.he leaves as 
variable from broadly ovate pointed to Qval lanceolate-pointed. The 
nervation and the form of the obtuse teeth is always as described in 
Rept., loc. cit. One of these leaves is 7-1 cent. long, only 2-1 ceDt. 
broad, w bile another is 4~ cent. broad and only 5 cent. long. 

Represented, like the former, by specimens from all the localities of 
this .section. 

PLA'l'ANUS ACEROIDES, Gopp. 

A good specimen, from six miles above Spring Canon. 

FICUS AURICULATA, Lsqx. 

Described with specimens of Golden. The collection has an identifiable 
fragment, representing the lower half of a leaf from the same locality 
as the former. 

CrNNAMOMUM ROSSMASSLERI, Heer. 

Represented by three specimens from six miles above Spring Canon. 
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FRAXINUS DENTICUL.A.T.A., Heer, Arct. Flor. I, p. 118, pl. xlvii, ]rig. 2. 

This leaf is intermediate between the one figured loc. cit., and another 
much smaller, with more acute teeth, (Pl. XVI, Fig. 4.) It is nearly :1s 
large as the first, with large, obtuse, distant teeth, but with a distinct 
nervation like that of the ~ccoud, the lowest secondary veins curving 
and anastomosing along the borders, with divisions or nervilles enter
ing the teeth; while the upper ones directJj~ end into them. There is no 
doubt about the identity of these leaves with those figured by Heer, 
but I am uncertain if they represent a species of Fraxinus. 

QUERCUS OHLOROPHYLLA, (n Ung. 

Same species of lea\es as those described under this name from 1.\Iar
shall. 

NYSSA LANOEOLATA, Sp. nov. 

Leaves suhcoriaceous, entire, broadly hmceolate-pointed, rounded to 
the petiole, secondary veins alternate, parallel camptodrome. 

Tile leaves are 7~ cent. long,± cent. broad ~n the broadest part, 
with 9 pairs of secondary alternate veins, diverging 400 from the med
ial nerve, curving in asceuding to the borders, where they disappear; 
areolation puocta.te. The nervation and areolation are as in our living 
Nyssa 1n'Ultiflor£t, vVang. The form of the leaves, however, is different, 
the fossil ones being broader b~low the middle, more rounded in desceud
iug to the petiole. Except Nyssa punctata, Heer, in Balt. Flor., tbe 
European tertiary species are known only by the fruits. The Baltic 
species, like Nyssa (?) vetu.sta, Newb., are fhr di:tlerent from this oue. 
':l_lbree species of Nys:-;a are known, by fructifications only, from the 
Brandon lignites of Vermont. 

Six miles above Spring Calion. 

RHA.J\1NUS A. CUMIN A.TIFOLius, 0. Web. 

Leaves large, broadly oval, accuminate pointed~ rounded to the baRf>; 
secondary veins parallel, curving to and along the borders; nelTilles 
indistinct. 

These leaves, represented by two fragments only, differ from J'ltglans 
rrttgosa, Lsqx., by round base ancl a less distinct and more regular ner\a
tion. They may, however, be mere varieties of this omnipresent and 
polymorphous species. The same form has been found at Golden. 

RHUS BELLA, (~) Heer, Flor. Arct. II, p. 483, Pl. lvi, Figs. 4 and 5. 

The lower half of a subcoriaceous entire leaflet, gradually tapering 
from the middle to a petiole, appearing part of a compound leaf. The 
specimen is not sufficient for a reliaule identification. The nervation, 
like the form of the leaf, are, however, the same as in Beer's species. 

Above Spring Calion, near Fort Ellis. 

JUGLANS RUGOSA, Lsqx. 

The specimens from all the localities of this station represent distant 
varieties of this species. Th.e leaves are especially variable in size, 
some still larger than the largest forms of J~tglans acmninata, pu blisbe<l. 
by Heer, some so small that tllough the characters taken from nerva-
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tion and outline are identical, they can scarcely be recognized as belong
iug to this species. Among them are two specimens from above the 
coal of Spring Calion, near F urt Ellis, repres~nting the same leaf. It 
iH G cent. long, 3 cent.. wide, elliptical, lanceolate-pointed, tapering to 
the petiole in a. 1~ound c~rve, wi.th secondary veins numerous, variable 
in distance, some separated by shorter -veinlets~ the lower ones at a 
broader angle of divergence than the superior ones, and the lowest shorter 
pair nearly at a rigbt angle to the medial nerve; nervilles perpendicular 
to the lateral veins. If these characters of nervation are tbose of ,J"~tg
lans rugosa, Lsqx., as also of Juglcms acnminatct, Heer, they are those 
also of J~uglans 1.:etusta, Heer, Flor. Tert. Helv., p. 90, Pl. cxxvii, Figs. 
40-44; a species with smaller leaves, of a form similar to that of ours. 
vVe have, however, intermediate specimens which, coming from the 
same stations, seem to disparage the separation of. these forms into two 
species. 

JUGLANS DENTICULATA, Heer. 

The same small form as the one remarked upon in Rept., 1871, p. 
298. The specimens are from the same place. 

CASSIA PHASEOLITES, Ung. Fl. v. Sotzka, p. 58, Pl. xlv. 

Leaves, membranaceous; petiole elliptical, taperbg downward by a 
curve to the petiole; lowest pair of senondary Yeins at a distanf'.e from 
tbe lJase, opposite. 

This species is figured by Unger, with numerous leaves and one of its 
pods. Heer, too, has it in the same way in his Flor. Tert. Hel v., Pl. 
cxxxvii, Figs. 66 to 74. The numerous specimens obtained from the 
different localities of this station merely represent leaves. These in 
their different forms and variety of nervation agree so well with the 
European leaves that they may be referred to this species with little 
doubt. The angle of dh~ergence of the secondary veins is variable, as 
also the more or less rounded base of the leaves. It is often unequi1at
eral. 

GENERAL REMARKS. 

The following table of comparison, indicating the dil5tribution of 
species at different localities, completes, to this time, the one pu bli~hed 
in the former report. For researches like those which have been detailed 
iu this paper, aud for a science which, like vegetable paleontology, is still~ 
with us at least, in an incipient state, a document of this ldnd cannot 
be dispensed with. Besides pointing out the march of the researches 
and the discoveries made in the flora of our Trrtiary, the table is a most 
convenient record to show at a glance the points of relations or of dif
ferences which may be more reliably considered in the discussion on the 
geological age of certain groups. It has bePn essentially prepared to 
that purpose, and, therefore, slightly modified or rather simplified, to 
render it more explicit. Tile characters of the Tertiary groups of Europe 
are not satisfactorily fixed by vegetable paleontology; therefore, the 
relation of some om· species with separate Miocene divisions is unimport
ant. On another side, the few fossil species known as yet in Europe as 
truly Eocene, claim a more scrupulous comparison with ours on account 
of the conclusion admitted in the first part of this report-that the 
whole North American Lignitic formation is Eocene. The table, there-
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fore, has a single division for the European Miocene, and another for the 
Eocene, both for indication of geological age; and it has, too, one for the 
Arctic and another for the Alaska Tertiary, for indication of original 
dm-:.ivation of species rather than for comparison of geological divisions. 
The American divisions are defined by stratigraphy as by paleontology. 
The Upper Tertiary or the Miocene (~) is represented in the Roeky 
l\fountains by the Green River Group, and some identical strata of Elk 
Station and of South Park. The second group in descending order, named 
as yet Upper Eocene, has for its essential members Carbon, Evanston, 
and Washakie deposits, which may be hereafter subdivided into two 
stages. The lower Eocene is considered in separate geographical divis
ions, of identical age, as far, at lea:st, as it is known as yet, the Raton 
Mountains, Golden, Black Butte, and Six miles above Spring Canon. 
Detached. areas of the same group, which have as yet furnished to ex
amination a too small number of fossil plants, are united with the 
essential divisions. The Placer Mountains and the Canon City go with 
the l~.aton ;. the Gehrung's, Mar~ha.U's, and Erie coal deposits with 
Gol<len; the Point of Rock and Hall ville, with the upper and lower 
divisions of BlaC'.k Butte,; and the different localities at and around 
Fort Ellis, with Six miles above Spring Calion. More precise details of 
the distribution of each species are given, with their descriptions. The 
Elk Creek division is as yet scarcely fixed by its remains of fossil plants. 
It could have been omitted or united, perhaps, with Spring Carron but for 
a few peculiar species which seem to indicate a distinct flora, and which 
ma.Y affonl matter for consideration. The distribution of the table is, 
besides, clear and explains itlself. ,. 
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This table enumerates three hundred and ten specie.s; that of the 
former report, established from the species published formerly by myself 
from the Eocene of Mississippi and Tennessee, later, from the speci- • 
mens which Dr. I1econte bad obtained in exploring the Lignitic of 
Uolorado and New Mexico, and also with the species described by Dr. 
Newberry from :Fort Union, &c., had only one hundred and eighty 
species. The addition to the flora of the North American Tertiary 
formations amounts, therefore, to more than one hundred species. Of 
these, sixty-one are new forms, and forty-two had not as yet been recog· 
nized in our Tertiary flora, though published from other countries. The 
large number of new species is explained in considering the age of 
the formation where most of them have been obtained; that is, in 
strata which pertain to the Lower Eocene at Golden and at Black 
Butte. The flora of this formation is as yet little known to European 
paleontologists. 

Considered merely in a botanical point of view, a number of these 
new species of ours are of marked interest. In the class of the Lichens 
one species, Opegrapha antiqua, is the first of this family which bas been 
found as yet in the old Tertiary formation. Eight species of Lichens 
have been meHtioned b,y Goppert as recognized in the amber, and three 
upon the bark of Lignitic wood of the Upper Tertiary of Germany, but 
none of them have been described, apparently on account of the in
sufficiency of specific characters. These are, howm7 er, recognizable in the 
Black Butte species. This discovery, together with that of two species 
of Spheria and one of Sclerotium in the same Eocene formation, proves 
that the scarcit.y of fossil cryptogamous plants of a lower order does not 
indicate the absence of these vegetables at the former epochs, but is 
due to the maceration which soon destroys the soft cellular tissue of 
these plants. In the ferns, the list reports from South Park one species 
of Ophioglossv.m, a fine genus which was as yet known, in a fossil state, 
by a single species from the Upper Tertiary of Italy. In the Conifers 
we have a new Sequoia, whose relation to Sequoia gigantea, the Cali
fornia big tree, is, by its leaves at least, more intimate than that of any 
fossil species of this genus; a Tlwya which claims our T. occidentalis, 
not as a relative, but rather as a mere variety ; then an Abies, which 
comes to our .Abies Canadensis in about the same degree of affinity. 
These three species belong to the Green River or Upper Tertiary forma
tion. From tlle Lower Eocene we have two species of the same genus 
Abies, whose characters are at variance with those of any species of Coni
fers known as yet, either living or fossil. One species of 8alisburia, S. 
polymorpha, already known from specimens of Vancouver Island, merits 
also to be remarked among the Tertiary Couiferons species as positively 
fixing the Eoceue age of the Lignitic of that island. In the Glumacere 
the Lower Eocene has a fine species of Oarex, C. Berthoudi, found with 
its seeds ; in the Palms, new species of Sabal and Flabellaria; in the 
Spadiciflorm two sterns, Ca.ulin-ites, with their fruits, aU from Golden and 
Black Butte. Higher· still in the vegetable series we note a splendid 
Myrica, M. Torreyi, with its seeds; the bracts of Betula Stevensoni; a 
peculiar form of oak, Quercus platania, Heer, with a variety distinct 
enough to be considered as a species; a number of new species of Ficus, 
one represented with leaves, branches, and fruits; a Ooccoloba, three 
new forms of Viburmtm, one of them exposing by its numerous leaves 
and its fructifications the characters of three species of our present flora.; 
leaves of Cissus and V-itis, of Asimina, Dombeyopsis, Sapindus, Rhamnus, 
Cassia, &c., all represented by numerous and well-preserved specimens. 
vVith the leaves some still more remarkabJe fruits, Carpolites, whose 
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affinity is unkown as yet; especially that from Evanston-C. arachioides
represented by bunches of fructification resembling the eommon pea .. nut. 

The exposition of the general characters of our Tertiary flora, as indi
cated by the nomenclature of a number of its species, is, however, far 
less interesting and important than the documents furnished by the 
table for definitively solving the question of the age of the formations 
which the vegetable remains represent. I shall now use these documents 
especially as a final summary of the arguments in favor of the assertion 
that the Lignitic of the Rocky Mountains is, in its whole, an Eocene 
formation. 

1st. No section ·is marked in the table for the comparative distribu
tion of the Cretaceom; flora, for the good reason that it represents the 
same group of the Cretaceous, and that as yet not a single one of its 
species is recognized as identical or even positively allied to any of our 
Eocene. 

2d. The table has in the Eocene division a number of fucoids or ma
rine plants, eight species; ana; too, a proportionally large number of 
palms, all vegetables, which are uot only homologous or identical in 
forms to fossil species of the European Eocene, but which, taken alto
gether, constitute two groups character:istic of the Lower Tertiary, and 
of which not a single representative, as yet, has been found in connec
tion with a true Cretaceous formation. 

3d. The same may be sai<l of some speci·es marked in the same di
vision; one Fer·n, one Myrica, one Querc'las, one Cassia, &c., identical 
with species admitted in Europe as positively Eocene. 

4th. Of the species enumerated from the l~aton, Golden, Black Butte, 
and Spring Canon, a large number are allied to Eocene species, as, for 
example, Oinnamomurn affine, 0. mississipiense, species pf Ficus, of Ceano
th us, Dombeyopsis, &c., and, considered in its essential groups, Ficus, La'lt
rus, Cinnamonwrn, Viburnum, Cissus, Magnolia, Do~nbeyopsis, Sapindus, 
Rharnnv.s, Juglans, Cassia, &c., the whole flora bears a facies which, if 
not positively comparable to that of the European Eoceue, on account 
of the scantiness of this flora, has, however, a marked analogy to that 
of the Lower ].!Iiocene. As the characters, either separately, for a· 
number of species, or generally, in considering the facies of the groups, 
are identical in a.U the strata which we have cousidered as Eocene, it is 
evident that neither Black Butte nor any other locality can be separated 
as from a <li:fferent epoch, and that, therefore, no member of the .Amer
ican Lignitic, as far as thi::; formation is known by its vegetable remains, 
can be referred to the Cretaceous. An exception to this conclusion 
is claimed for two localities, Bear River anll Coalville, wherefrom no 
fossil remains of 1and-plants have as yet been obtained. But I do not 
see how the separation could be ma<le for st.rata which contain an 
abundance of Eocene fucoidal remains, and whose thick deposits of lig
nite indicate evidently, for the time, a land formation of exactly the same 
nature as that of the other localities. The lignite matter, indeed, by 
its degree ot: decomposition, its chemical compounds, all its characters, 
bears evidence of its origin by the same kind of land vegetation, and, 
therefore, of its contemporaneity. On another side, t.he North Ameri
can Eocene is considere(l by European paleontologists, from the char
acter of its flora, as related to the Miocene formation. It is, therefore, 
convenient to look further into the documents offered by the table in 
regard to this last opinion. 

The proportion of species, of what is considered our Miocene flora, as 
marked in the first three sections, is, \'lith that of the Arctic, 112- per 
cent.; of the European Miocene, 39 per cent. Our Upper Eocene has 
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13! per cent. of its species in common with Alaska, 20i per cent. with 
the Arctic flora, 40 per cent. with the Miocene; and our Lower Eocene 
has only 8! per cent. of its species in common with tl1e Alaska, 10~ per 
cent. with the Arctic, and 25 per cent. with the European Miocene. 
Or counting the species of Alaska, Arctic, and Miocene of Europe as 
Miocene, the relation of the American Tertiary flora with this forma
tion of Europe is, for the Miocene, 47i; the Upper Eocene, 57!, and 
for the Lower Eocene, 37 per cent. 

This comparison, somewhat unreliable on account of the greater or 
less degree of affinity of a few species, may be, however, admitted in 
full confidence for our purpose, and proves that the flora which we con
sider as representing our Miocene, that of Green River, Elko, and South 
Park, does not bear to that of Europe a marked analogy by its forms. 
These, indeed, appear of younger type, more intimately related. even by 
identity to species of our time. The flora of the group marked as Upper 
Eocene has, per contra, the greatest analogy to that of the European 
Miocene by the identity of its most common species of Populus, Q~wrcus, 
Ulnws, Betulc~, Plcttanus, Fagus, &c. It may be that farther researches 
may force a separation of this group from the Eocene, thongh as yet 
there js no apparent line of div!sion, either in the measures or in the 
distribution of the flora. I believe that the discrepancy is merely 
apparent, resulting from and indicating a precedence in time of our 
botanical types over those of Europe. This fact has already been re
marked upon in considering the flora of the Carboniferous formations, 
and it becomes the more evident as the history of the old vegetable 
world is better known. The relation of the Lower American Eocene to 
the Miocene of Europe, 37 per cent., does not indicate a difference more 
marked than could be expected between the flora of two members of 
the same formation; and the difference, too, is becoming more and 
more definite, and will continue in the same way as far as the acquaint
ance with our fossil flora is more intimate. The most common species 
of fossil-plants are not only found over wide areas, and therefore col
lected from all the explorers, and in numerous specimens ; but they pass 
"through the different stages of the formations. The first researches 
bring them to view from everywhere; the selection, however, becomes 
more discerning and exclusive in proportion to the amount of materials 
supplied for comparison. 

On the question of the distribution of Tertiary fossil species in regard 
to climatic circumstances, the table does not show anything more than 
what has been observed from that of the former report. The relation 
of our Upper Eocene flora with that of Alaska and Greenland is well 
defined, while the vegetable types of the Lower Eocene are rather trop
ical than Arctic. It is then possible that the characters which I have 
considered as resulting from climatic influences have a relation to differ
ence of age of ihe formations. If it is the case, we may expect to find 
the flora of the Lower Eocene with the same southern types from Van
couver Island to the Mississippi, while the Arctic facies may predomi
nate in the Upper Eocene from Greenland to the same soutliern latitude. 

This important question of the regulation of Tertiary groups of vege
tables according to their geological stations, or to climatic influences, 
cannot be settled without long researches. Some species of the Lower 
Eocene appear to have, with types of the present flora of Uuba, a 
relation which has not been recognized before. Such are forms of 
Flabellaria and Oalarnopsis; ~M~yrica Torreyi, compared to a Lornatia; a 
group of Ficus, represented by Ficus planicostata, F. Ol-intoni, F. spec
tab·ilis, F. corylifolic~ ;-Oiss'lts lrevigatus, A leu rites Eocenica, and the group 
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of Rhamni j R. obovatus~ R. Oleburni, R. Goldianus, &c., with mnltinerve 
leaves comparable to those of some Brideli,a. The points of analogy 
are not precise; they are merely recorded for directing further researches. 

Description of species of fossil-plants from the Cretaceous of Kansas. 

The specimens from which the following species are described were 
obtained by myself from two localities: 1st. From -nine miles a boye 
Salina, in the Salina Valley, where I was kindly directed by Profes~or 
B. F. l\Iudge, of l\Ianhattan College. 2d. From six mtles south of 
Fort Harker, where specimens of fossil-plants are found in abundance, 
but over a limited area. This locality was disco,Tered and first explored 
by l\Ir. Charles Sternberg, who resides in the vicinity, and who a few 
years ago pr('scnted fine specimens from it to the Smithsonian Institu
tion. Some of these specimens have been preYiously used for descrip
tion, especially of Sassafras, there represented in a. multitude of forms. 
The vegetable remains are found at both these places, as also east of 
Fort Harker, in a hard, more or less soft-grained, shal.v, .red, ferruginous 
sandstone, a member of the Dakota group of l\Iessrs. l\Ieek and Hayden. 
The number of specimens, generally fine, is large, proportionally to the 
number of species which they represent. · 

ZONARITES DIGITATUS, Brgt. 

Frond flat, dichotomous, branches of the same size or broader than 
the main axis, diverging in acute angles, linear, entire, obtuse, slightly 
enlarging upward. 

The divisions or branches of this species are somewhat broader than 
in the specimen figured and described by Brongniart, Veg. Foss., p. 61, 
Pl. ix, Fig. 1. The whole frond, as preserved, is 9 cent. long, its base 
slightly narrowed, the divisions 1 cent. broad, the angle of divergence 
about 30°. 

I have already remarked that the relation of this form to other kinds 
of vegetables is. not as yet ascertained., Schenk considering it as a fern. 
This supposition is inadmissible on account of the connection of these 
remains with animal, deep marine fossils. I am even uncertain if it 
represents a vegetable form, and would. rather consider it as a sponge. 
It has, indeed, a punctate or perforated-like surface, an appearance 
which, however, may be caused by the porous compound of the stone. 
I found it about 100 feet above the red shale of the Dakota group in a 
shaJy limestone especially formed of large shells of the Fort Benton 
group. 

HYl\1ENOPHYLLUM 0RE1'ACEUl\I, SJ_J. 1W'1.l. 

Frond linear-lanceolate, bipinnately divided; pj.nnre slender, from a 
narrow, smooth, convex rachis; .wedge-form, erect, alternately lobed. 

The lobes are small, truncMe at the top, cuneate to the base, the 
nervation dichotomous, one branch ascending to the point of each lobe. 
It resembles Sphenopte'tis jit1'cata, Brgt., of tile CarlJoniferous measures. 
Sphenopteris corrugate, New b., is apparently uescribed from a small frag
ment of this species.-Fort Harker. 

GLEICHENIA KURRIANA (~) Heer, l\Iol. Fl., p. 6, Pl. ii, :Fig. 3. 

Frond pinnate; pinnre linear, long, pinnately lobed; pinnules connate 
at base, alternate, oblong, obtuse; nenTation pinnate; seconda1y yeins 
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alternate, the lower ones forking above the middle, the upper ones 
simple. 

Though this form is very much like that published by lleer, (loc. 
cit.,) from the Cretaceous of Moletin, it differs in some points. 1. The 
pinnules are connate to one-fourth of tlleir length; they are larger, 
more obtuse, aud the secondary veins are forked. In tlle specimens 
from l\foletin, the pinnules are separated to the base and have no trace 
of secondary veins. A small specimen published by the same author 
from Quedlinburg, Pl. i, Fig. 3> shows, however, the pinnules connate, 
as in the American form, with secondary veins figured simple. The frag
ment indicates a smaller form; not separable, however, from mere differ
ence of size. I consider it, therefore, as representing the same species. 
As Heer has figured a specimen with fructifications, .a fructified speci
men of our plant may decide the question of identity.-Fort Harker. 

SEQUOIA REICHENB.A.OHI, Heer, Mol. Fl., p. 8, Pl. i, Fig. 2-3. 

The specimen represents a cone cut vertically, and thus exposing a 
narrow axis on which are attached horizontally, linear or narrowly ovate. 
receptacles, attenuated at both ends, containing a small oblong seed 
separated by foliaceous scales. The form of the cone is the same as that 
of both those which are represented by Heer's figures, (loc. cit.) It is 
only slightly longer and narrower, and the receptacles of the seeds more 
closely approached to each other. The specimen does not bear any 
remains of leaves of Conifer, but· small l'Otmd, smooth branches, appar
ently referable to the same species.-Fort Harker . 

. 
CAULINI'l'ES SPINOSA, sp. nov. 

Stem or branch cylindrical, 12- cent. in diameter; its surface marked 
by small irregular points or depressions, resembling scars of scales; it 
bears apparently strong spines; one of them is marked, going out of 
the stem at right angles. Its scars are left in round boles through the 
stone. The spines and the stem, too, enlarge to the point of attach
ment.-Fort Harker. 

LIQUIDA::.\1BAR IN'l'EGRIFOLrus, Lsqx., A mer. Jour. Sci. and Arts, July, 
1868, p. 93. 

I found at Salina three leaves of this species. They vary in size, and 
also in the more or less pointed form of the lobes, and in their direction, 
one specimen showing the lower divisions turned downward rather than 
horizontal. 

POPULITES F .A.GIFOLIA, sp. nov. 

Leaf elliptical, entire, subcoriaceous, tapering from the middle to a 
slightly obtuse point, narrowed to a thick petiole; pinnately veined; 
secondary veins numerous, parallel, craspedodrome. 

The thick petiole is broken near the base of the leaf, which tapers to 
it. The general form is that of Populus rnutabilis, the leaf being en
larged in the middle, and tapering upward and downward about in the 
same degree. It is 10 cent. long, 8 cent. broad, with eight pairs of 
secondary veins, the lo\ver . ones <lividing outside, all the veins and 
divisions entering the borrlers. The leaf is thickish but not quite 
coriaceons.-Fort Harker. 
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POPULITES SALIN..lE, sp. nov. 

Leaf large, thickish, membranaceous, smooth, broadest near the base, 
truncate or st1bconlate, narrowed into an obtuse point, five-nerved from 
its 'base; borders regularly undulately lobed. 

A splendid leaf, preserved entire except the petiole. It is 12 cent. 
wide, only 10 cent. long, triangular in outline, with the base subcordate 
and the borders regularly obtusely undulate-lobed. The nervation is 
in five primary veins from the base, all much divided, passing with the 
principal divisions to the point of an obtuse lobe, an~stomosing with 
thick perpendicular nervilles. The me<lial nerve is pinnately divided 
from auove the middle in three pairs of secondary veins. This form is 
remarkable, and unlike any leaf known to me; it bas, however, a dis
tant relation to the leaf published as Acer obtusilobum, (~) U ng., in 
Amer. Jour. Sci. and Arts, July, 1868, p. 100. Another specimen refer
able to this species, but broken, indicates the leaf as coriaceous, and 
bas the nervation more distinct, much like that of a Platanus.-Salina 
Valley. 

POPULITES AFFINIS, sp. n. 

Leaf round-quadrangular, thicki~h, membranaceous, rounded to the 
petiole, abruptly narrowed to a short point, with undulate-dentate 
borders; nervation pinnate, craspedodrome. 

This leaf is much like the one whicll I have described as Populites 
cyclophylla, (~) Deer, in Amer. Jour. Sci. and Arts, July, 1868, p. 93, dif
fering, however, by its square form, its undulately distantly dentate 
borders, its secondary veins less numerous and more divided. The 
:fibrillm are distinct and the areolation alike,-£Salina Valley. 

FICUS STERNBERGII, sp. n. 

Leaf large, thick, coriaceous, entire, broadly oval, obtusely pointed, (?) 
(point brohen,) tnpering to the petiole; nervation pinnate, thick, coarse, 
camptodrome. 

The leaf, destroyed in part, measures about 16 cent. iu length, 9 to 10 
cent. in width, bas entire undulate borders and the nervation of a Ficus. 
The lowest secondary veins, from a distance above the base, are oppo
site, ascend in a more acute ang·Je than the upper ones, (six pairs) which 
are alternate and more distant from the basilar pair, all much divided by 
tertiary veinlets, or thick fibrillm, anastomosing in bows along the 
borders.-Fort Harker. 

SASSAFRAS CRETACEOUS, Newb. 

I have studied this form upon a large number of specimens, especially 
at Fort Harker, where it is predominant. It Yaries, in the size of 
the leaves, from 4 to 14 cent. long, without counting the petiole, 
which is, according to the size of the leaves, from 3 to 5 cent. long. 
Two forms are especially recognizable as varieties, with intermediate 
characters: one with narrower, more pointed, less-diverging lobes; the 
other with broader, more obtuse, more diverging divisions. The nerva
tion is the same, generally deep and coarse ; the borders are more or less 
marked with a few short teeth, especially on the lower sides of the 
lateral lobes, The following-described forms may be considered as 
species, not only on account of their characters, but also from their 
local distribution : 



424 GEOLOGICAL SURVEY OF THE TERRITORIES. 

SASSAFRAS Munan, Lsqx., Amer. Jour. Science and Arts, July, 1868, 
p. 99. 

The description is right. This species is fouu<l at Saliua only. I have 
not seen it represented by specimens from Fort Harker. 

SASSAFRAS 1\HRABILIS, sp. nov. 

Leaves large, coriaceous, three-lobe<l, lobes diverging nearly in right 
angles to the medial nerve, proportionally short, obtuse; nervation very 
thick. 

Beside the large size and broader lobes of the leaves, tile species dif
fers by the lobes of the leaves being more or less deeply cut or unilulate
dentate, with obtuse teeth. I have an entire leaf of tllis species, measur
ing 23 cent. broad, 16 cent. long, without tile petiole, which is 6 to 7 cent. 
in length. Though the nervation is of the same type as in S. cretaceus, 
the primary veins are twice as large, the lateral curving outside and 
diverging from the me<lial one. It has somewhat the appearance of 
leaves of Platanus. It is apparently an incomplete specimen of this 
kind which has been named and described as Platanus latiloba by Dr. 
Newberry.-Fort Harker. 

SASSAFRAS OBTUSUS, Lx. 

Leaves small, obtusely and equally three-lobed to below the middle; 
cuneate-narrowed to tile long petiole; lobes oblong, very obtuse; nerva
tion trifid from above the base. 

The leaves of this species are proportionally small, of a thinner sub
stance, with secondary veius, narrow, straight, ascending to the l.>On1er of 
the lobes, and secondary veins thin, mostly camptodrome, parallel. In 
one specimen the lateral lobes are cut in one silort, obtusely-pointed 
lobe, entered· by one of the secondary veins; but in all the other speci
mens the second~n·y veins are mostly camptodrome, simple, and the lobes 
~ntire. Iu report 1871, p. 303, I cousidered tilis s:vecies as tlw same as 
the leaf which I bad named Populites Salisburiwjolia in Amer. Journ. 
Scieuce and Arts, July, 1868, p. 94. It, however, differs by the more 
marked and diverging entire obtuse lobes, and by the secondary camp
todrome nervation. In this new species of Sassafras the lateral second
ary veins are pinnately marked on both sides of the veins. In Populites 
Salisb'ltria:folia the lateral veins divide on the outside only.-Salina 
Valley. 

SASSAFRAS RECURVATUS, 8p. nov. 

Leaves of medium ~ize, thick, coriaceous, enlarged upward, divided to 
below the middle in three lanceolate-pointed, long lobes, the external 
ones scythe-shaped outside, three-nerved from the point of the petiole. 

Somewhat like the small forms of S. 'mirabilis, differing evidently, 
however, by narrower, longer, obtusely-pointed lobes, by the primary 
nervation from the top of the petiole, and by the lateral veins dividing 
near the base in twonearly equal strong branches, oue asceiHliug to the 
point of the lobes, the other following the border and anastomosing in a 
cur-ve with the upper secondary veins. Sometimes this outer division 
of the lateral veius seems to curve backwards and enter another inferior 
lobe. But this appeareme is remarked only upon one specimen broken 
at the sides, and whose form can merely be surmised from the direction 
of the veins.-Fort Harker. 



GEOLOGICAL SURVEY OF 'rHE TERRITORIES. 425 

S..iSSAFRAS HARKERIANA, sp. nov. 

Leaves proportionally small, thick, coriaceous, cuneiform, or narrowed 
to the petiole, round-truncate from above the middle, three-lobed, with 
obtuselj'-pointed, very short lobes, and undulate-dentate borders be
tween them. 

The leaves are thicker and larger than in S. obtusus, 9 cent. broad and 
as long, three-nerved from above the base, deeply veined; the secondary 
veins camptodrome, exeept a few, which pass into short teeth between 
the lobes. 

LAUROPHYLLUM RETICULATU:;.\1, SlJ· nov. 

Leaves long, linear-lanceolate, thick, coriaceous, entire, tapering to a 
thick, short petiole; medial vein broad, secou(lary veins open~ numerous, 
anastomosing in an irregular reticulation from above the base; carnpto
drome. 

These leaves resemble those of some species of Launcs by their form, 
their texture, r -1 the thick medial nerYe ; the ner-vation, ho·we-ver, is . 
of a different typ . The secondary veins numerous, close to each other 
at unequal distance, often intermixed with shorter veins, cur-ve and 
anastomose from w~ar the base in irregularly polygonal small meshes, 
ascending with their ramifications to the borders, and curving along 
them. Professor Heer bas in his Flora of Moletin a species JJfy'rtophyl
lwn Geinitzi, which bas the same form of leaves, but a different nervation, 
the upper end of the -veins following the borders and uniting as a kind 
of marginal "Yeinlet. This character is not remarked in our leaves, of 
which I ha-ve many specimens with distinct nervation. 

It is remarkable, that this Cretaceous Flora of l\Ioletin, which is 
known as yet by eighteen species, has one Aralia, one Orednerict, one 
Gleichenia, and one Sequoia, or four species, which are, if not identical, 
at least intimately related to species of our Cretaceous. 

All the specimens of this species are from Fort Harker. 

PLATANUS HERII, Lsqx., Rept.1871, p. 303. 

Beside the form, wbose characters ha-ve been described, there is from 
Salina a leaf preseryed entire, which differs by more acute lobes and its 
apparently membranaceous consistence. 

PTEROSPERMITES QUADRA'l'US, Lsqx., Rept. 1871, p. 301. 

A number of specimens from Fort Harker, varying in size, coufirm 
the description of this fine species. The undulations of the lea-ves ap
pear more generally as short, distant teeth, entered by tbe point of the 
secondary veins and their uivisions. 

PTEROSPERMITES STERNBERGII, sp. nov. 

Leaves large, thick, coriaceous, ovate, tapering into an obtuse point, 
round cordate at base; borders entire, or slightly undulate. 

A splendid leaf, 23 cent. long, 20 cent. broad, deeply pinnately nerved; 
secondary veins more open than in the former species, with two or three 
pairs of simple, smaller basilar vein lets, inclined downward, or at right 
angle from the medial ner-ve; the other 10 to 11 pairs above are parallel, 
t-he lowest branching twice, the upper ones simvle, all craspedodrome. 
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This species, like the former, are referable to the genus Orec1neria, one 
species of which, Orednerict Leconteana, Lsqx., is related to this. The 
description of Oredneria Leconteana, a~ given in Amer. Jour. Sci. 
and Arts, July, 1868, p. 98, am;wers exactly the description and 
figure of Oredne~·ict 'rtwm·ophylla., Heer, in Mol. Fl., p. 16, Pl. 4. Only 
one of tile basilar veinlets is marked on my figure of this species, rPp
resenting our best, though incomplete, specimen; but the descrip
tion remarks the position of two lower secondary pairs of nerves, as 
obsen~ed from other specimens, and which indieate the essential cha'racter 
of the leaves of the gen~ts Orednerict.-Fort Harker. 

PTEROSPER:iliiTES HAYDENII, Lsqx., J1ept. 1871, p. 302. 

A good specimen of this species has been found at Fort Harker. It 
answers in every point the description of this species, loc. cit. 

PTEROSPER::.\<IITES RUGOSUS, sp. nov. 

Leaves rather small, coriaceous, rough and wrinkled on the surface, 
triangular oblong in outline, truncate obtuse to the base, obtusely 
pointed, medial nerve very thick, overlapped at its base by the undulate 
borders. _ 

Tile leaves vary, at least in our specimens, from 9 to 12 cent. long 
and 6 to 9 cent. broad. The nervation is that of the genus, three pairs 
of thinner basilar veins passing horizontally, or in a downward direc
tion, to the borders. The secondary veins above are thick, emerging at 
an open angle of divergence from the medial nerve, branching outside 
and curving upward in ascending to the point of an obtuse lobe, or the 
enlarged middle of the leaves. The strong nervilles, deeply impressed 
into the stone, give to the leaves of this species a peculiar appearance.
Salina Valley. 

CONCLUSION. 

From this enumeration of Cretaceous fossil-plants, it appears that in 
the twenty-three mentioned species, fourteen are c·onsiderecl as new; 
three as identical with some ones already described from Europe, but 
not as yet discovered in our Cretaceous strata; and six have been for
merly described from the same Dakota group. It is thus an addition 
of seventeen species to the American Cretaceous flora, which now has 
about one hundred and twenty so-called species. 

The remarks made in the first part of this paper, in regard to the 
analogy of some vegetable forms of our Cretaceous with those of plants 
of our time, and also of the Miocene flora of Europe, are rather con
firmed than eliminated by the descriptions of these species. They rep
resent especially forms of Sassafras, Pterospermites, Populites, with Seq- . 
~wia Reichenbachi, two ferns, &c. Considering the relation of the Cre
taceous groups, enough has been said already in this and in the former 
report. I wish only to record once more the geological evidence afforded 
by the remarkable disconnection of the American Cretaceous flora from 
that of the Eocene. Both these formations are now represented by anum
ber of species large enough for a reliable comparison, which, made by any 
palaeontologist, proves that there is not a single species, either identical 
or in intimate relation, in both the Cretaceous and the Eocene flora of our 
continent. Even that for ,1dal plant described as Fucoides digitatus, is 
not related whatever to any of the marine species described from the 
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Eocene sandstone, though the ch[lracters of marine vegetables appear 
to have been preserved somewhat longer in the series of geological divis
ions. Such a total discordance of types cannot be supposed for a flora 
of a same p~riod, not even for members separated b_v a great thickness 
of strata. Most of the genera of animal fossils, and a large number of 
species, too, are represented in all the Cretaceous divisions, from the 
lowest member to the base of the Eocene. In the Tertiary formations 
the vegetable types represented by most of the genera, and by a large 
number of species, too, are recognized identical in the whole extent of 
the measures. The same remark can be ai)plied to the vegetable and 
animal remains of all the formations. It is, then, judicious to admit as 
a conclusion, that such a marked disconnection of the typical character 
of a whole flora is a positive evidence of a new geological period, and 
that, therefore, the whole Lignitic of the Rocky l\fountains is, from the 
base of the fucoiclal sandstone, a Tertiary-Eocene formation. 
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PRELIMINARY PALEONTOLOGICAL REPORT, 

CONSISTING OF 

LISTS AND DESCRIPTIONS OF FOSSILS 
' 

WITH RE:\fARKS OX THE 

AGES OF THE ROCKS IN WHICH THEY WERE FOUND, ETC., ETC. 

By F. B. MEEK~ Paleontologist. 

GENERAL REMARKS. 

SILURIAN AGE. 

East side Gallatin River, &c.-'-All of the Silurian fossils collected by 
the survey, during the explorations of 1872, evidently came from compara
tively near the base of the system. The specimens from the east side 
of Gallatin River, abo\·e Gallatin City, 1\Iontana, were collected from 
four subdivisions. Those from the lowest or fourth subdivision, (num
bering from above,) are few, and in a fragmentary condition: Among 
them we have one of those curious bodies formerlv sometimes called 
bilobites, apparently under the erroneous supposition ~t,hat they have. some 
relations to the crustacea known as trilobites, though they are now gener
ally regarded as marine plants, and designated by the generic name Cruz
iana, d'Orbigny, (Rusophycus, Hall.) Along with this fossil were found 
imperfect specimens of Lingula, or Ling'ltle:pis, Conocoryphe, BcJ,thyu,nts, 
&c., which, when taken together, point to a rather low position in the 
series, especially in view of the forms that occur in the succeeding sub
divisions above. 

From tlle third and second subdivisions, occurring successivel;y above, 
we have the genera Acrotreta, Hyolithes, Agnostus, Conocoryphe, Bathy
ur'lJ,S, &c., a group of types which, in the present state of paleontological 
science, could hardly be expected to occur together, higher in the series 
than the Quebec group of the Canadian surTey. And, when we take 
into consideration the entire absence among these collections of any 
type elsewhere pemtliar to any higher horizon, and the fact that several 
of the species are closely allied to forms found in rocks of that age, we 
feel quite safe in referring these beds to the Potsdam, or Primordial 
zone. 

Big Horn .jlfountain.-The same may probably be said of the rocks 
from which a few fragments of Conocoryphe and Dilcelocephalus were 
collected on the west face of Big Horn Mountain. 

The few specimens from the first or upper of the. subdivisions at the 
locality referred to above Gallatin City, are in a fragmentary condition, 
but from the position of this subdivision aboye the others, as well as 
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from the character of the fossils, and the similiarity of the rock in texture 
and composition to beds to be mentioned below at another locality of 
the age of the Quebec group, it probably belongs to that horizon. 

Jfalade City.:__The collections from Malade City, Northern Utah, 
include the genera Camerella, Orthis, Euornphal~ts, Agnostus, Conocoryphe, 
Bctthy,urell~ts, Bathyurus, Asaphus, and perhaps Dikelocephalus, most of 
which are common to the Potsd:~;m and Quebec groups; but from the 
affinities of most of the species and the actual identity of others with 
Quebec forms, it appears quite clear that these beds belong to that 
horizon, as stated by Professor Bradley in the Am. Jour. of Science. 
Two of the species of E~w1nphalus, for instance, seem to be identical 
with forms described by me some time back among l\ir. King's co11ec
tions from l\Iuddy Creek, Utah, and referred to the horizon of the New 
York Calciferous group; generally regarded as representing in part, at 
least, the QuebP-c; while a species of Carnerella and one of Orthis seem 
to be identical with Canadian species of that age. Bathyurus Saffordi, 
a Canadian Quebec species, is also represented among these collections 
by specimens agreeing exactly with authentic examples of the same, 
sent from that horizon in Canada. Several of the other genera are 
represented by species most nearly allied to Quebec forms. 

Flat-Head Pass.-A few specimens from Flat-Head Pass, Montana, 
consisting of fragments of Bctthyurell~ts, and perhaps Dikelocephalus~ 
seem also to be of the same age as the above, judging from the occur
rence among them of Dikelocephalus? truncatus, one of the Malade 
species. 

CARBONIFEROUS AGE. 

J!Iystic Lake, &c.-The fossils from the outlet of Mystic Lake; Canon, 
east side of Madison River; Bridger Peak, near Fort Ellis; Black-Tail 
Deer Crook; north side Gros Ventres Butte; Flat-Head Pass; north 
side Henry's Lake; and Canon west of Gallatin River, (all in Montana,) 
and Camp 19, Idaho, all eYidently came from the same geological forma
tion, a considerable portion of the species being common to several of 
these localities. They belong, without exception, to genera that are 
common both to the Carboniferous and Devonian, while a smaller pro
portion of the genera are also represented even in the Silurian. That 
these fossils are not of Silurian age, however, is obvious at a glance; 
but as most of the species are either new, or, owing to the state of pre
servation of the specimens,* not in a condition to be certainly identified 
with known forms, almost the only guides we have in determining 
whether we should refer them to the Carboniferous or Devonian are the 
absence of certain genera and the general specific .affinities of the entire 
group of forms. Some of the Producti, Chonetes, and Spirifer have 
rather a Devonian look, while a very finely striated Hemipronites is very 
similar to some of the Devonian types of that genus. Even the form 
I have referred to, H. crenistria,, is quite as nearly like some varieties of 
H. Oherrmngensis (Streptorhynch~ts Chern~mgensis, of the 4th vol. Paleont., 
N. Y.,) from the Chemung and Hamilton groups of the New York 
Devonian, as it is like the Carboniferous forms of H. crenistria. Ac
cording to Mr. Davidson and others, however, H. crenistria occurs in 
both the Carboniferous and Devonian of Europe, while the New York 
form, H. Chernungensis, differs very little from some varieties of H. cren
istria from the Carboniferous. 

*These collections consist mainly of separate valves of brachiopoids, imbedded in 
hard limestone. 
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Not withstanding the resemblance of some of these fossils to Devonian 
forms, and the fact that scarcely any of the species can be identified 
beyond doubt with forms peculiar to the Carboniferous, I must regard 
the whole as belonging to the lower part of the lower Carboniferous. 
It is extremely improbable that in a collection coutaining so mauy 
brachiopods there would be no Atrypa,, Strophoclontct, Pentameroid, and 
other Devonian and older types, if the rock belonged to the DeYonian. 
The entire absence of any strictly Devonian and older types of corals, 
crinoids, Lamellebranchs, &c., also fav9rs the conclusion that this 
formation belongs to the Carboniferous, which conclusion is also sup
ported b~~ the specific affiuities, if not even by the specific identit..r, of 
some of the species of Spi1 ifer, Product'us, Chonetes, Retzia, &c. 

In looking over the collections from these localities, I have been im
pressed with the similarity of their general facies (without beiug q nite 
sure that any of the species are identical) to the fauna of tbe vVa\'erly 
group of Ohio, now known to belong to the Carboniferous. At the 
same time that I would refer the beds from which these fossils were 
obtained to the Carboniferous, it should be remarkefl that we have every 
reason to beli<.·ve that they belong to a lower horizon in the series than 
those f'rom which nearly all of the collections from "Old Baldy," :Mon
tana, were obtained; also, than the fossiliferous beds on the divide be
twren Hoss Fork aud Lincoln Valley, Montana. 

Lyon Hill.-Tbe fossils from Lyon Hill, Ophir, East Canon, Utah, are 
of Carboniferous age, but it is not possible to det<:'rmine, owing to the 
small number and imperfect condition of the specimens, the particular 
horizon in that system to which they belong. 

Su:a.n Valley.-A few specimens from Swan Valley, Idaho, have been 
placed prodsionally in the Carbottiferous list, but they are very frag
mentary and difficult to make out, and may belong to rocks of some 
other age. 

Bet1ceen Ross Fork and Lincoln Valley.-Tbe species from the divide 
bet\\·een RosR Fork and Lincoln Valley, marked with an asterisk in the 
list, are nearly all very srna11 fossils, and occur crowded together in 
such great numbers that all the specimens in the collootion (including 
many individuals of Home species) were broken from a few fragments of 
the matrix, perhaps altogether not more than one-tenth of a cubic foot 
in \olume. Some se\en or eight of tbe thirty-two or thirty-three species 
thus found, seem to be in all respects, so far as the specimens afford the 
means of comparison, identical with forms occurring at the celebrated 
Spergen Hill locality, near Bloomingrou, Indiana, while five or six others, 
if not more, may be only varieties of Spergen Hill species; and nearly all 
of the remainder belong to genera fouud at that locality, and so closely 
resemble in tlleir small size and other characters, that t.hey may be re
garded as representative forms. 

The occurrence of so many apparently identical and representative 
species of such a peculiar group of pigmy forms, all crowded together 
in the same way, at these two widely separated localities, is certainly a 
very remarkable and interesting fact; and one, too, so far as yet known, 
without a parallel in all of our American rocks. It is all the more 
curious because not a single species of these little fossils has hitherto 
been identified from anv intermediate localit.v west of Iowa, and 1\Iis 
souri, and even there th·e few species that ha\re been found generally 
oecur isolated among larger species. In comparing two collections of 
such peculiar fossils from localities so remotely separated, many inter
esting questions bearing on the geographical distribution of species 
naturally suggest themselves. Adopting tbe view that each species, in 
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all cases, originated at some si11gle locality, and thence distributed it~elf 
over the \vorld wherever we now fiud its remains, and admitting that a 
part of these little sllells, at the two localities, are really exactly iden
tica 1, specificall,y, it may be asked, were these species created some
where in the bottom of the old Carboniferous sea, at or near the Indiana 
locality, from which they migrated 1,200 to 1,500 miles to the northwest
ward; or, was the reverse the direction of their distribution~ Such ques
tious are, of course, far more easily asked than answered; but if we do 
not admit that ther~ were distinct center::; of distrilmtion for species, it 
would seem more probable that these forms originated at some interme
diate point, (where the strata, containing their remains, are now beneath 
thousands of feet of more modern rocks,) and migrated thence southeast
ward and northwestward to the two remotely separated localities. 

Professor Edward Forbes maintained that, to find the same group of 
fossils at tV~ o uistantly separated localities, as in this case, so far from 
proving that the rocks are exactly contemporaneous, as often supposed, 
demonstrates exactly the reYerse; or, iu other worus, that time enough 
must have intervened bet\Yeen the deposition of the strata at the two 
localities,, for the migration of the species of fossils through all the 
intermediate distance. HowLwer this may be, there is little reason to 
doubt that in such cases the rocks occupy very nearly the same relative 
horizons in the series of their respective districts, whatever may be the 
differences between their actual ages. Hence, I regard the bed from 
which these little fossils were obtained in 1\Ioutana as representing the 
Saint Louis limestone of the Lower Carbuniferous series of the Missis
sippi Valley, to which horizon tlle Spergen Hill beds are known to 
belong. It is also evident that the physical conditions affecting animal 
life must have been very similar at ~hese localities during the deposi
tion of the strata in which these fossils occur, although, lithologically, 
the rocks are quite different, that in 1\fontana being a bluish-gray, some
what crumbling semi-crystalline limestone; while that at Sp<>rgen Hill 
is a light-colored oolite mass. 

"Old Baldy."-'The collections from "Old Baldy," near Virginia City, 
Montann, present a group of forms that could ouly, in our present state 
of knowledge, be referred to the Lower Carboniferous series. The 
presence among them, however, of such coal-measure types as Athyris 
su.btilita, Pleurotomarict splu:erulata, Astartella Neu~berryi, &c., with the 
affinities of otlle1· species, point to a high position in this lower series ; 
while the occurrence in the same assoeia.tion of Pentremites Godoni and 
P. syrnmetricus, or very closely allied representative forms, together 
wit.h the affinities of other t,vpes, sllow that their position is that of the 
Chester beds (or possibly of the Saint Louis limestone) of the Mississippi 
Valley. 

A single species, however, Stropltmnena. analoga, Pnillips, from the 
same locality, would indicate that lower members of the series probably 
also exist there, as this species, if I remember correct.Jy, is not known 
to occur above the horizon of the Burlington beds, in the Carboniferous 
series of the 1\lississippi Valley. 1~here is thickness enough, however, 
of Carboniferous strata, at these distant northwestern localities, for this 
whole system of rocks to be deYeloped there. 

The collections from this and some of the other localities in Montana 
contain the first specimens of the genus Pentremites I have ever seen 
from any localities west of Missouri and Iowa.. 

JURASSIC AGE. 

Lo1cer Cafion of Yellowstone.-The collections from the Lower Cnfion 
of the Yellowstone, the lower beds at Spring CaiioH, and those from the 
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De\'il's Slide, Montana, :tre evi<lently an of Jurassic age. They are 
nearly all bivalves, and belong to genera that also occur in the Ureta
ceous, and in part in older formations than the Jurassic, as well as in 
more modern rocks than the Cretaceous. None of them are, beyond 
doubt, identical with foreign Jurassic species; but from their specific 
affiuities to European Jurassic forms, and their positive identity, in a 
few instances, with species found at other localities in the West, in well
cletermiued Jurassic beds, as well as from the entire absence among 
them of any strictly Cretaceous types, we can safely refer the rocks in 
which they occur to the Jurassic. 

Spring Cct'iion.-The few specimens from the upper beds at Spring 
Canon are probably also Jurassic types, but the number and condition 
of the specimens scarcely warrant the expression of a posith'e opinion 
on this point. 

Those from the lower beds near Fort Hall, Idaho, although all belong
ing to one species, eddently came from a Jurassic rock; while a few 
casts from the upper beds at the same locality, also, seem to belong to 
the same epoch; but the specimens being all casts, cannot be satisfac
torily studied. 

CRETACEOUS AGE. 

Coa.lville.-The coal-bearing rocks at Coalville, Utah, are undoubtedly 
of Cretaceous age, as stated by l\1r. King and 1\ir. Emmons, and as was 
from the first maintained by myself. During the past summer 1 bad 
an opportunity to examine, personally, this interesting locality, and to 
note the thickness, order of succession, and composition of the great 
group of beds exposed there, as well as to collect and study a large 
series of the organic remains found in the same. From these observa
tions it is now proposed to· give, below, some remarks on this extensive 
series, in more detail than has hitherto been done. Before proceet.ling 
to do so, however, it seems desirable that a few words should be said in 
regard to what has been already published respecting the geological age 
of this formation, as there would at least appear to be some misappre
hensions on this point. Perhaps the shortest way to place this prelimi
nary information before the reader will be to quote from Dr. Hayden's 
Report of 1870, page 299, the following paragraphs, written by myself, 
on this coal series, in a paper contributed. to that report: 

Some of the specimens from near Bear River, and at Coalville, Utah, from a light 
colored sandstone, containing beds of a good quality of brown coal, appear to belong 
to a member of the Cretaceous series not corresponding to any of those na,med in the 
Upper Missouri country, though it is, as I believe, represented by a similar sandstone 
undflr the oldest Estuary Tertiary beds at the mouth of Judith Hiver, on the Upper 
Missouri. In 1860, Colonel Simpwn brought from this rock, on Sulphur Creek, a small 
tributary of Bear River, in Utah,"' several casts of Inoceramus and other fossils; and 
in some remarks on Colonel Simpson's collection, published by the writer, in connection 
with Mr. Henry Engelmann, the geologist of Colonel Simpson's survey, we referred 
this formation to the Cretaceous.t The collections that have been brought in from 
Utah, by Mr. King's and Dr. Hayden's snrveys, confirm the conclusion that it belongs 
to the Cretaceous, as they contain, among other things, -species of lnoceranws, A.uchnra, 
and Gyrodes-genera that seem not to have survived the close of the Cretaceous period. 
In addition to this, there is among Dr. Hayden's collections from this rock, at Coal
ville, a Turritella that I cauuot di8tinguish by ihe iignre and description, even specifi
cally from T. Martinezeusis, descriued by Mr. Gabb, from one of the upper beds in Cali-

"'This locality on Bear River is really within the western border of \Vyoming, 
tl10ugh it was supposed by me at the time of writing this paragraph to be, like Coal· 
ville, in Utah. 

t See Proceed. Acad. Nat. Sci., Philad., 1860. 
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fornia, referred to the Cretaceous. A Mocliola from the same horizon, also, appears to 
be specifically identical with M. Pedernalis, of Roemer, from the Cretaceous of Texas. 
Dr. Hayden also has, from a lit,tle ab<;>vc the coal-beds at Coalville, specimens of Ostrea, 
that seem much like 0. Iclriaensis and 0. Breweri, of Gabb, from the upper beds of the 
California Cretaceous. As no other fossils were found directly associated with these 
oysters, however, nor any marine forms above them, it is possible that they may be
long to the Lower Tertiary. 

From the affinities of some of these fossils t(l forms found in the latest of the beds 
referred in California to the Cretaceous, and the intimate relations of these marine 
coal-bearing strata of Utah to the oldest Tertiary of the same region, and the apparent 
occurrence of equivalent beds bearing the srme relations to the oldest bmckish-water 
Tertiary beds at the mouth of Judith River on the Upper Missouri, I am inclined to 
believe that these Coalville beds occupy a higher horizon in the Cretaceous than even 
the Fox Hills beds of the Upper Missouri Cretaceous series; or, in other words, that 
they belong to the closing o1·latest member of the Cretaceous. 

These remarks certainly ou.ght to make it clear enough~ one would 
think, that I regarded the coal-bearing strata at Uoalville, Utah, and 
near the mouth of Sulphur Creek, on Bear Ri\-er, Wyoming, as being 
of Cretaceous age.* A few pages further on in the same report, I gave 
a list of all the fossils collected during the preceding summer by Dr. 
Hayden's party, that I referred to the Cretaceous epoch. In this list, it 
will be seen, I placed all of the few fossils in the collections then under 
consideration, from the coal series at Coah·ille, Utah, and Bear River. 

In making out the Cretaceous list mentioned above, I endeavored to 
express, by a number opposite tlle name of each species, the particular 
horizon in the Cretaceons series of the Upper Missouri, to which the 
bed that contained it belongs. This I fully explained on page 289 Qf 
the same report cited, as follows: ''The nurn bers 1, 2, 3, 4, and 5, along 
the rigllt-hand margin of the list,t opposite the localities, show to which 
rnem ber of the Upper Missouri Cretaceous each species belongs, the 
subdivisions of the Uppet Missouri Cretaceous having been severally 
named and numbered from below upward, as follows: No.1, Dakota 
group; No. 2, Fort Benton group; No. 3, Niobrara division; No.4, 
Fort Pierre group; and No.5, Fox Hills l>eds; the names beiug derived 
from localities where the several formations are well developed." 

In accordance with this plan, I assigned each species in the list to its 
proper horizon in the Cretaceous series, by adding aft,er the locality, 
"Cret. No. 1," "Cret. No. 2," &c., according to its position, except
ing those from Coalville. These I could not refer to their precise 
horizon in the Cretaceous, because, although not doubting that they 
belong to the Cretaceous system, I was, as already explained, in doubt 
whether the beds in which they were found correspond exactly to any 
of the recognized subdivisions of the Upper Missouri series, being, as 
stated, rather inclined to think they form the closing member or dids
ion of the Cretaceous, holding a position above the horizon of No.5 of 
the Upper Missouri section. Consequently, in order to give expression 
to this doubt, as well as to follow out the system of notation, I placed 
opposite each of the species from Coalville, and the coal-bearing sand
stones at Bear River, the words "Cret. No. ~"meaning thereby, 
of course, that I was in doubt whether these beds corresponded exa;ctly 
with any particular one of the recognized subdivisions of the Upper 
Missouri series; which, it should be remembered, only represents a part 
of the whole Cretaceous system. 

" Another quite distinct formation at the Bear River locality, containing a peculiar 
group of fresh and brackish water types of fossils, all entirely different from forms 
found in the marine beds containing the valuable beds of coal there, was referred by 
me provisionally to the lower Eocene. 

t These numbers were placed on the right-hand margin of the list in the MS., but 
are not exactly so in the list as printed. . 
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In reading over the last proof of this list, it occurred to me that pos
sibly the query after the words "Cret. No.~" might be misunder
stood as intended to express a doubt in regard to the Cretaceous age of 
these species. Consequently, I struck out, with a pencil, the abbrevia
tion "'Oret.," leaving it simply "No. ·~" after each of these species. 
But afterward I thought there could certainly be no misunderstanding 
ou this point, with the accompanying explanations, and made an effort 
to rub out the pencil-markings I had made in the proof. The printer, 
however, being misled by the soiling of the paper, did not understand 
what I wanted, and instead of leaving it '' Cret. No.~" in all thesp, 
cases, only left it so after one species; while, after another, he struck 
out" Cret.," leaving it merely "No.~"; after two others he struck out 
the abbreviation "No.~'' leaving it '' Cret., ~" and after two others he 
struck it all out. 

In regard to the two Coalville species, by mistake of the printer, left 
with only ''Cret. ~"after them, I admit that it might appear, to one 
glancing hastily over the list without reading the remarks and explana
tions on the preceding pages of the same report, that I had intended to 
express doubts respecting their Cretaceous age. It certainly seems to 
me, however, that any person reading, with even a moderate degree of 
attention, my remarks and expla.nations respecting this list, and the 
age of the Coalville and Bear River coal-bearing strata, in the same 
report, ought to understand that I did not question the fact of these 
beds belonging to the Cretaceous system. 

Again, in giving a list of the Cretaceous fossils collected by Dr. Hay
den's party, at various localities during the summer of 1870,* in his re
port of 1871, pages 375 an<l 376, I placed in it a few additional forms 
from Coalville, nearly all of which are entirely distinct from any I bad 
before seen fi·om there, or, indeed, from any other locality. These are 
mainly casts in hard arenaceous rock ; and as I had little or no time 
then to work out and study them, I merely placed them in the Creta
ceous list, without specific names, and with a mark of doubt in regard 
to the genera to wh1ch five of them belong. I explained, however, in 
the accompan:ying remarks, that I regarded them as Cretaceous species, 
giving my reasons for so doing. 

I have been somewhat particular in giving the foregoing statement 
of formerly published opinions respecting the age of the rocks under 
consideration, because the question-marks used in the lists mentioned 
have been alluded to as if they had been used to express doubts in regard 
to the Oretaceous age of the coal-bearing rocks at Coalville and other 
localities in this region; and my opinion on this subject bas been con
sequently treated as if so vague and undecide<l that it was not even 
necessary for any one, subsequently arriving at the same conclusion in 
regard to the Cretaceous age of any of the coals of this region, even so 
much as to allnde to it. t 

Having thus briefly cleared away some misapprehensions in regar<l to 
what has been well known for some years past re~pecting the Cretaceous 
age of the coal-deposits of Coalville, Utah, and at Bear River, Wyomjng, 

"'It should be remembered that each of these lists only includes the collections 
brought in from the explorations of the preceding summer, and that they were not in
tended to include all of the known species that had previously been found in the same 
beds, at the same localities. 

t See a paper ou the existence of Dinosauria in the transition beds of Wyoming, by 
Prof. Edwanl D. Cope, read before the Am. Philosophical Society, 1872; also, Remarks 
on the Geolop;y of Wyoming, by Prof. Edward D. Cope, Proceed. Acad. Nat. Sci. Phil ad., 
December, H372, page 279. 
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I will proceed to describe in detail the various beds composing tbe great 
thickness of strata exposed at and near Coalville; also to explain their 
order of succession, the nature of the organic remains found in each, &c. 

In order that these remarks may be the more readily understood, the 
accompanying section has been prepared, from observations made at 
the locality during the past summer. It runs from the principal coal
bed near Coalville, in a northwesterly direction to Echo Canon, a dis
tance, b'y a right line a little obliquely across the strike of the rocks, of 
perhaps three to three and a half miles. 

It may be proper to explain here that the beds were IYot always found 
well enough exposed to afford absolutely exact measurements of their 
thickness, while the elevations of the ridges crossed, as well as the 
breadth of intervening valleys, were merely estimated. Another sec
tion across the same outcrops on a different line, even at no great 
distance from that of the section here given, would probably not agree 
in minor details, because the beds are liable to vary in thickness and 
composition at different localities in this series of rocks . . The heavy 
beds of harder sandstone are more persistent, and, as might be expected, 
generally more exposed than those of softer material. Those of soft, 
decomposing sandstones, shales, clays, &c., more frequently form slopes, 
and consequently are more apt to be covered and obscured by loose 
earth. In some cases we, therefore, ha.d no other means of determining 
the nature of the strata occupying such spaces, than by examining the 
disintegrated surface materials, and a few small projecting ledges. 
Hence some of these spaces that appeared to be occupied by clays or 
shales, with only a few intercalations of eandstone, may be mainly or 
entirely made up of soft sandstones, or alternations of the same with 
clays and shales. Again, it is an important point to be remembered, 
that there may be other beds and seams of coal, in addition to those 
represented in the section, because these coals generally occur in, or 
are connected with, clays and shales, or other soft beds such as are most 
frequently hidden from view. · 

A mile or so in a southeasterly direction from Sprigg's mine, situated 
directly in Coalville, coal has been found in one or two openings not 
more than about forty feet above the valley of Weber River; and the 
bed or beds have been by some supposed to hold a lower position in 
the series than the main coal (division 5) of our section. The locality 
of these openings, with relation to the known position and dip of the 
main bed, would certainly indicate for them a lower horizon in the se
ries, and they may possibly belong lower; but from all the appearanee 
at these excavations, (which had partly fallen in at the time of our 
visit,) I have the impression that this coal is merely a portion of the 
same bed thro,vn out of its naturallwrizon with relation to the rocks 
represented in the section, by the same powerful forces that upheaved 
and tilted all of the strata of this region. We did not see more than 
five or six feet of this coal ·exposed, but it is overlaid by a sandstone 
similar to that forming the roof of the main bed at Sprigg's mine in 
Coalville, and seemed to correspond in other respects, except.ing in show
ing a (probably local) reversed clip. 

Between this locality and the lowest beds represented in the section, 
as they are seen nearly at Coalville, there is a space not well exposed at 
any points examined, and consequently we did not determiue tbe thick
ness and nature of the beds occupying the same. 

Commencing, then, with the lowest strata represented in the section 
on the right, and describing the beds in ascenrZing order, we have the 
following series: 
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SECTION FROM ABOUT 1! MILES NORTHEAST OF C'OAL VILLE, IN .A 
NORTHWESTERLY DIREC':J.'ION, TO ECHO CANON. 

s.sE.J·~::s.·:~: No.1. ~bin beds and seams of sandstone and Ft. Iu. 

A~· .... clays, reddish and gray below, with some 
~ ~»1 ... pebbly beds near tb.e middle, and whitish 
~ \:\};~.: : and ~ight-gray soft sandstones and clays 

9 ..... · .. ·. alJove ................... _ . . . . . . . . . . . . . . 1.:.~0 0 
::X.. No.2. Yellowish aud reddish sandy ,clays..... 43 0 
··:·... "'No.3. Alternations of light-gray and yellowisll 

\ sandy: more or less laminated, clays, and 
beds and thin la;yers of sandstone, with 
Inoceramus problemat-icus, Oa.rilium subcur
t~tm, Lucina, JJ1acrodon, Mocliola multilini
gera: Arcopagia Utahensis, OoTbula, 11lartesia, 
and many otlJer bivalves; with Neritina 
pismn, Turritellct Ooalvillensis, Eulima funi
culus, F ·usus (Nept~tnea ?) Gabbi, 11lelampus, 
&c., &c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 0 

No.4. Light-grayish and ash-colored clays, with 
::!: occasional beds and seams of sandstones, 

. altogether from 60 to 80 feet . . . . . . . . . . . . 80 0 
No.5. Heavy bed of good coal, said to vary from 

11 to 13 feet in thickness . . . . . . . . . . . . . . . . 13 0 
~ :No. 6. Yellowish-gray sandstone forming roof 

~,"'· .. : ~ of coal, and containing Ostrea soleniscus (?) 
: and Inoceramus................ .. ........ 25 0 
~ No.7. Dark-colored (nearly black) clay with In-

•• C> oceramus problematicus; varying from 60 to 
100 feet in thickness. . . . . . . . . . . . . . . . . . . . 100 0 

No.8. Space mainly covered where examined, 
but apparently occupied by clays and soft 
sandstoues, altogether perhaps 80 to 100 
feet in thickness ....................... _ 100 0 

No. D. a. Massive whitish and yellowish sand-
stones, with casts and· impressions of 
a peculiar Fucoid, Avicula, Oardi·um, 
:Trapezium, &c., 45 feet. 

b. Yellowish sauustone with many bi
vlaves, 25 feet .. 

~ c. Massive whitish sandstone, with At1i-< cula, Tellina, &c., &c., 30 feet . .. . . . . . 100 0 
.;~:,::: . .. -<X> No. 10. Yellowish and light-gray claJ·s, with 

, .;;~:::;·:. ... some beds aud layers saudstone . _ . . . . . . . . 80 0 
.E~::.~; .. _ No. 11. a .. Reddish, sandy, and pebbly clays, 

:§;;:::§~:~::: not wen exposed, 20 to 30 feet. 
~1!}~;::,·:;§: b. Conglomerate, 10 to 15 feet. 

~:~,~:~&f~'? gJ c. Bright yellow sandstone; Avicula gas-
~~~N:~:·:{~~· trrodes, Oardi?.Hn, :Tellina, Arrcopa-

ff~:~:~:;Jt;~<-~\ gia, (?) Gyrodes, Cyp'rimerr; 'i.rwnema., 
~~:.:~~;~:~~jf~~- · Gyrodes depressa, JPusus ( P. eptunea ? ) 
~:;.::.;::::.~'::~=~~:::~. : .. ~ ~ Uta.hensis, &c., &c., 50 to 60 feet. 

~;:~;:;~:'f::fji:; d. Heavy, massive, whitish sandstone, 
·:<.::r::~~~ c;; with Ostrea soleniscus, Oanlium, &c., 

•uno P\1.~;: 70 to 80 feet. _ ... _ .... - . . . . . . . . . . 190 0 
~'/\\ N'N 
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Ft. In. 
No. 12. a. Clays and sandstones; the latter in thin layers, 55 

feet. ' 
b. Light-gray and yellowish clay, 20 feet .... _......... 75 0 

No. 13. a. Gray conglomerate and sandstone, 42 feet. 
b .. Light-yellowish and grayish clays and pebbly sand

stones, 40 feet. 
c. Conglomerate, 12 to 15 feet. . . . . . . . ........ _ .. .. _.. 172 0 

No.14. Valley; no good exposures, but, probably, mainly·shales 
and clays........... . . . . . . . . . . . . . . . . . . . . . . ...... , ...... 600 0 

No. 15. Alternations of shale and sandstone. . . . . . . . . . . . . . . . . . 37 0 
No. 16. Coal .... .. ........................... _ . . . . . . . . . . . . . . 2 6 
No. 17. Alternations of dark-bluish fire-elay, shale, gray clay, 

and, more or less, soft. sandstone. Numerous fresh brackish 
water and marine types of fossils mingled together, such as 
Anomia, Inoceramus, Un-io, Cardium, Cyrena Oarltoni, Neri
tina Bannisteri, N eritina ( Dost-ia ? ) bellatula, N. (D.?) car
ditiformis, Eulima chrysalis, E. inconspicua, Turritella spiro-
nema, Melampus antiquus, Physa, Val·va.ta, &c., &c.. . . . . . . . . 48 0 

No. 18. a. Coal, (Carltons bed,) 3 feet to 3 feet 4 inches. 
b. Coal and black shale, 1 feet 2 inches. 
c. Coal, 1 foot. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 

[There may be a space here of 50 to 60 or more feet, occupied 
by unknown beds.] 

No. 19. Great, massive, light-grayish and yellowish sandstone, 
estimated at 220 feet .................................... 220 0 

No. 20. Gray sandstone and sandy clays, with numerous Ostrea 
soleniscns .. ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 0 

No. 21. Sandstones and clays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. 85 0 
No. 22. Valley, showing at places sandstones and sandy clays, 

estimated thickness . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 600 0 
No. 23. Light-colored sandstones and clays . . . . . . . . . . . . . . . . . . . 90 0 
No. 24. Gray, soft sandstone, with many large Inoceramus, 

Ostrea, Carditttm, &c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 0 
No. 25. Gray sandstones and clays.. . . . . . . . . . . . . . . . . . . . . . . . . 18 0 
No. 26. Whitish sandstones and sandy clays, with fragments of 

Ostrea lying loose on surface of slope ................... 150 0 
No. 27. Soft, light-gray, coarse sandstone, with some pebbles 23 0 
No. 28. Valley, no rocks exposed, 300 to 380 .................. 380 0 
No. 29. Soft, decomposing, light-gray, coarse sandstone, and 

conglomerate .......................................... 200 0 
No. 30. Reddish-brown conglomerate, with local st.reaks, and 

thin beds of soft, whitisll sandstone, 500 to 600 feet thick-
ness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 0 

No. 31. Whitish, soft, coarse sandstone, with more or less peb-
bles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 0 

No. 32. Great Echo Canon conglomerate, (brownish tinge,) com-
posed of pebbles, bowlders, and sandstone, 700 feet or more 700 0 

By footing up this long list of subordinate beds, it will be seen that, 
if there are no faults or down-throws along the line of observation, there 
would be, including the great conglomerate near the mouth of Echo 
Canon, and about 390 feet of beds below the main11 to 13 foot coal, an 
aggregate of some 4,680 feet of strata embraced in the seetion. As 
a-lready explained, however, it is not pretended that the ctetails of tbi~ 
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section have been worked out with the degree of precision attainable 
by instrumental observation, the main object in constructing it being 
merely to illustrate approximately the position and yertical range of 
fossils with relation to the coal-beds, and to give a general idea of the 
lithological characters of the series. It should be stated, however, that 
the dip and estimated distance across tlle strike of the strata would 
indicate even a greater thickness than the sum of the individual beds 
observed. 

The dip of tlle beds, incl~ing the main coal (5) toward the lower 
part of the section, seemed not to differ much from about 8° to 10° below 
the horizon, to the northwestward; but it increases gradually in that 
direction, so that at the fourth ridge it is about 25°. Between this 
ridge and the mouth of the canon we observed no marked change of 
dip, though there appeared to be a slight unconformability between the 
conglomerate aud the lighter colored beds below at this place; and this 
unconformity is more obvious at other points 11ear here; "·bile farther 
up, near the head of the calion, it is very strongly marked, the discord
ance being, according to .Mr. Emmons, as much as 25°. 

Unfortunately, we have no means of ascertaining the precise distance 
by an air-line traversed by the section, the linear surve,y of the Coal
ville township not yet being completPd. If we estimate the distance at 
three miles, and the mean uip at 17o, however, it would give a thick
ness not materially greater than the aggregate of beds noted in the 
section. If the distance should be as much as three aud a half to four 
miles, however, the difference would be so great as to warrant the con
clusion that we have overestimated the dip, or, what is much more 
probable, underestimated the breadth of some of the valleys between 
the ridges, and consequently the tllickness of strata hidden beneath the 
same. As evidences of horizontal displacements of some of the ridges, 
however, were observed, it is possible that the discrepancy may be, in 
part at least, accounted for in that way.* 

lVIr. Emmons gives in l\1~'· King's report about 6,000 feet as the entire 
thickness of the Cretaceous sel'ies here, exclusive of the .Echo Oailon 
conglomerate, which is apparently Tertiary. But I infer that he includes 
in this estimate a considerable thickness of lower strata f~trther up 
Weber River than our examinations extended. 

All of the lower beds forming divisions 1 to 6, inclusive, of this section 
are seen in a low hill, or rising space, directly on the southeastern mar
gin of Coalville, flexed around so as not to conform to the general dip 
and strike of the strata between this vicinity and Echo Calion; their 
strike being nearly north and south, and their dip nearly westward, 
some 14° below the horizon. About two miles to the northeastward, 
however, and at a higher elevation, coal-mines have been opened on the 
main bed forming No. 5 of the section, that show tllis bed and the over
lying sandstone and other strata, conforming there with the general dip 
and strike of the beds between thme and Echo Canon. Between these 
mines and Coalville, the highly fossiliferous strata forming the division 
No. 3, which we know properly holds a position below the main coal
bed, occur some hundreds of feet north of a right line bet,veen these 
mines and the coal-mine directly at Coalville, in the same bed; thus 

"Along Grass Creek we observed some curious indications of lateral displacements. 
This crct·k cnts very ol>liqnely through some of the ridges, which do not correspond on 
opposite sides, That is, the ends of the ridges on opposite sHles of the creek do not 
coinciOe exactly, those on one side ending opposite intervening valleys l>etween those 
on the other, as if there had been a fracture along the course of the creek, and a lateral 
displacement of the strata 011 one or both sides of the same. 
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appearing aR if they really hold a higher horizon in the series than the 
main coal (5) of the section. At this place these more fossiliferous beds 
are seen in a ridge, abutting directly against the lighter-colored, more 
massive sandstones of division 9, forming the first ridge. In following 
this ridge along in a southwesterly direction we come suddenly to a 
point where the m·ore massive, lighter-colored sandstones of division 
9 end, and we pass, almost by a single step, upon the thinner, more fos
siliferous layers of division 3; the two divisions coming as abruptly 
together as if their strata bad been sawed off and placed end to end 
against each other. Here the strike of the strata of these two divis
ions is nearly the same, and the dip also of both is north westward, but 
those of division 3 dip at a somewhat higher angle than division 9. 

·This lateral uisplacement of portions of these lower strata is very 
puzzling, and bad led to the conclusion that they belong above the 
horizon of the main coal. We were so fortunate, however, as to find 
them cropping out at points within a mile to the southeastward of the 
coal-mine in the main bed, directly at Coalville, readily recognizable by 
their characteristic fossils and lithological characters, and yet clearly 
dipping under the division 4, which was, in the same way, traced along 
the outcrops to where it is distinctly seen to dip under the main coal, 
directly at Coalville. There can, therefore, be uo question whatm~er in 
regard to these lleds holding a position beneath the main coal-bed; 
that is, the lowest coal represented in the section here given. 

The determination of the position of these beds beneath this coal is 
a matter of some little interest, because it shows that in viewing this 
series in the ascending order, we start with a succession of highly fos
siliferous beds, containing a group of forms, among which we recognize 
the Cretaceous and older genus Inoceramus, represented by tlw weB
known Cretaceous species J. problematic~ts. The other fossils found in 
these beds seem to be all new species, though several of them are Ull

distinguishable from forms found in the beds far above the main coal. 
The :Turritella and JJ!lodiola, from this locality, that I at one time thought 
probably id~ntical with Cretaceous species from California and Texas, 
came from these beds; and although later comparisons have satisfied 
me tba t they are new species, they are certainly very closely allied to 
the Cretace01fs forms with which I bad compared them. 

Although nearly all the fossils from these beds are certainly marine 
types, a few of them, such for instance as two or three species of Nere
tina and one of Melarnpus, indicate that streams of fresh water proba
bly flowed into the sea, bay, or inlet in which the marine forms lived, 
fi.·om close-lying land, during the deposition of these rocks. 

The local displacement of portions of the lower beds of the section at 
Coalville, mentioned above, doubtless caused the impression at one time 
entertained, that the dark-colored clay (division 7 of the section) con
taining Inoceram~ts problernaticus, and perhaps fragmeuts of Ammonites, 
seen in some of the excavations there, probably held a position beneath 
the main coal, (didsion 5.) An inclined shaft, however, in course of 
excavation directly at Coalville, during the past summer, demonstrates 
in the clearest and most satisfactory rnanuer that its position is above 
the horizon of the sandstone forming the roof of this coal, as the shaft 
passes first down through some 50 or more feet of this clay before it 
strikes the sandstone immediately over this coal. Large quantities of 
this clay were observed lying near the top of the shaft, when we were 
at the locality, and numerous specimens of lnoceram~ts problematicus 
were to be seen in it. 

Of course no attempt has been made to illustrate, in the accompan~~-
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iug section, this fault and local displacement of the lower beds of the 
same, obsen·ed here at Coalville, because the fracture runs so nearly 
parallel to the section that it could not be done. · 

At one place on the southeastern side of the :first ridge, almost ex
actly at the point where the fault already mentioned crosses, some coal 
was found in a drift excavated into the side of the hill, perhaps 80 to 90 
feet above the horizon of Weber Valley. As this coal, however, was 
soon found to end abruptly, on following it in, it is probably ouly a de
tached portion of the main bed, (5,) thrown that far out of its natural 
position with relation to the other · strata, by the fault cutting through 
the whole. As suggested by Mr. Emmons, however, it could certainly 
be found again at a lower position on the same side of the ridge, pro
vided the search should be made, on the northeastern side of the line of 
fracture. Its positiou, however, on the other side of the fault, would 
be on the opposite or northwestern side of the ridge, siuce that end of 
the ridge is composed of beds really belonging below the horizon of this 
coal. It is probable, however, that if bodies of this coal exist on the 
northwest side of this ridge, near the line of fracture, they would be 
found so much broken up and distorted as to be of little practical 
Yalue. 

Some facts observed at the locality gave origin to the suspicion that 
possibly the whole of that portion of the first ridge on the northeastern 
side of the fault may really be only a down-thrown part of the second 
ridge, or even that both this and the second ridges might be down
throws of the third; though the subordinate beds composing these 
ridges do not seem to correspond closely enough to warrant this conclu
sion. 

The fault, or lateral displacement, mentioned in the first ridge, is also 
strikingly manifest in tile second; the lateral movement there being 
more than 100 feet, precisely as if t!Je whole ridge had been cut across 
by a gigantic saw, and the strata on the southwest side of this division 
slipped that far to the north westward, or the portion on the northeast 
side as far southeastward. Evidences of this fracture are to be seen in 
the other ridges, and I have no doubt that it cuts torough tbe whole 
to Echo Oaiion, and possibly far beyond in a north or northwesterly 
direction, not exactly but more or less nearly at right angles to tbe trend 
of the ridges and strike of the strata.* 

Divisions 14, 15, 16, and 17 were not seen well exposed on tl::e line of 
the section, or even on the east side of Weber River, though they are 
doubtless exposed at some localities on that side. On toe west side of 
the river, however, at .Mr. Carleton's coal-mine, about two miles in a 
southwesterly direction from Coalville, and at a higher -elenttion, these 
beds were cut through by a drift excavated into the side of the bill 
horizontally, nearly in the direction of the dip, which is there to the 
northwestward about 20° below the horizon. Coal, however, bas been 
found at, or very nearly at, this horizon. on the east side of toe river; 
while the great massive sandstone composing division 18 forms a pre
cipitous escarpment above Mr. Carleton's mine, and thence extends cou
tinuously, in a northeasterly direction, to vVeber River, at a point nearly 
opposite the third ridge on the east side, thus leaving little room to 
doubt that Carleton's coal and the associated beds occupy the position 
assigned t!Jem in the section there, as they do on the west side. of the 
ri \'Cr. 

*Other similar faults, or later displacements, were also seen in the ridges at other 
points a mile or so farther eastward. 
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As the drift at l\ir. Carleton's mine penetrates almost horizontally, 
and nearly in the direction of the dip of the beds, of course it cuts 
obliquely through them from below upward. Owing to the darkness in 
the mine, however, anu the presence of timbers at places, we could not 
examine the beds· there very carefully; but Mr. Carleton kindly gave 
us the following detailed statement of their thickness, order of succes
sion, &c.: 

A. Sandstone, forming the roof of the coal and 
shale, containing Inoceramus. . . . . . . . .... . 

B. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . ....... . .. . 
C. Impure slaty coal anu shale ............... . 
D. Coal of good quality ..................... . 
E. Fire-clay .................... . ..... . ..... . 
F. Soft gray sandstone~ Inoceramus, Unio, Oar-

diurn, and Anomia, ..... . ................ . 
G. Dark-bluish, or nearly blaf;k, and lighter 

colored indnrateu clays, containing many 
fresh and some salt-water types of slwlls, 
such as Physa., Valvata, Cyrena, N eritina, 
Jllelamp?.ts, EuUma., Turritella, &c . ........ . 

H. Shale _ . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. 
I. Soft rusty sandstone, with Card·i1.tm and frag-

ments of other fossils .................. _ . 
J. Fire-clay . ................... -.- .... - ..... . 
K. Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . 
L. Sbale ....... · ............................ . 
1\I. Dark sandy shale ........................ . 
N. Sandstone. . . . . . . ...................... . 
0. Iron ore ................ .................. . 
P. Dark shale .......... .................... . 

Ft. In. 

1 2/ 
1 0 t 
3 4) 
1 2( 

12 0 i 

10 o rl 

4 0 

15 o 1 

G 0 \ 
2 G 

10 07 
20 o 1 

7 0 t 
41 

G 0) 

Division 17 of 
Coal ville sec

tion. 

·Divjsion 16. 

Division 15. 

Division 14. 

Although we could not, as stated, examine all of the beds anu seams 
of these divisions of the section in as much detail as desired, there being 
no surface outcrops of the same here, we nevertheless did see nearly all 
of them in place, with their characteristic fossils, in passing along the 
drift or gallery leading to the coal, and in part immediately over the 
same. At some places in the mine, the clays and thin seams of coal 
above the coal D had falJen in, so as to expose the overlying sandstone 
A, and in the under surface of this we sa,w many casts of Inoceramus. 
In the bed F we likewise saw Inoceramus, Oardi?.tm, and imperfect ex
amples of Unio; wbile from tlle dark clays G we picked a few shells, 
when examining this bed in the drift. Considerable <pwutities of there
moved portions of all of these beds were also to be seen lyi11g in heaps 
at the entrance of the dl'ift, and that from each coulll there be readily 
identified by 1\.fr. Carleton, so that we had no difficulty in referring all 
of tbe fossils found in this loose material, which had not been long· ex
posed to the weather, to their proper beds. 

It was the opinion of the' miners here that the sandstone A, in which 
we saw casts of Inoceramus, in the mine, is the lower part of the massive 
division 18 of the section. Although this view was adopted in con
structing the section, it is possible that it may be a lower bed of sand
stone, separated ii.·om the base of the massive stratum 18 by 50 or 60 
feet of clay or other material, as there seemed to be rather too Jong a 
slope between the base of the exposed part of the sandstone 18, seen 
above, and the entrance of the drift, to be filled l>y tl.Je beds obliquely 
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perforated by the same; though we had no means of determining bow 
much of the lower part of this sandstone may be bidden in this slope. 

The group of fossils found in the dark indurated clay G is, in several 
respects, a very interesting one, not only because every species is new 
to science, aml all of them entirely difft->rent from any yet found at any 
other locality, or even in any other beds at this locality, (with possibly 
one or two exceptions,) but on account of their modern affinities. Here 
we ha,e, from beds certainly overlaid by more than 1,000 feet of strata 
coutaiuiug Cretaceous types of fossils, a little group of forms, present
ing such modern affinities that, if placed before any paleontologist un
acquainted with the facts, they would be at once referred to the Tertiary. 
Such examples as this illustrate the difficulties with which the paleon
tologist sometimes has to contend, and show how very cautious we should 
be in deciding from the affinities of uew species of fresh and brackish 
water types of shells (the vertical range of which is unknown) the 
geological age of rocks in which they are found ; because species of this 
kind, from rocks of various ages, often closely resemble each other, 
while they rarely present such well-marked distinctive features as we 
see in marine shells fi.·om different horizons. Some of the species of 
Physa, Cyrena, NeriUna, &c., for instance, from the clays nuder consid
eration, closely resemble existing species; ''bile one or two of .Melampus 
present but very slight differences from Paris Basin Tertiary species, 
figured by Deshayes under the name Auriculct. 

It would appear that the indurated clay containing these mixed types 
of shells must have been deposited in the form of fine mud, in an estu
ary, or possibly a larger body of salt water, into which the fresh-water 
shells were swept by streams fiowing in from adjacent laud.* There 
were probably here, however, during the deposition of all this great 
group of coal-bearing strata, as during the formation of the far more 
ancient Carboniferous coals, various oscillations of the earth's surface, 
because we have every reason to believe that ever,y bed or seam of coal, 
even if only a few inches in thickness, was formed in marshes, by the 
growth and accumulation of vegetable matter, at or a little above the 
sea-level, while we find marine types of fossils through most of the in
tervening strata; showing that after the accumulation of the material 
of each bed and seam of coal, there was a subsidence; and a return of 
the sea. 

Above the horizon of 1\Ir. Carleton's mine, we only saw marine types 
of fossils, though there may be other beds containing fresh-water shells 
higher in the series. As already explained, we saw in the sandstone 
supposed to be the lower part of division 18, in Mr. Carleton's coal-mine, 
casts of one or more species of the marine genus lnocerarnus. We ~lso 
saw higher in that division, on the east side of Weber River, casts of 
the marine genus Owrdimn; while in some thinner beds of sandstone 
and clays forming division 19, just above 18, there occur, on the east 
side of the river, numerous casts and shells of a peculiar oyster I have 
called 0. soleniscus. 

This oyster, which, as already stated, occurs at several horizons far 
down in the series, is very peculiar, and easily recognized by its unusually 
narrow, elongated, and generally quite straight form. At the locality 
mentioned above, on the east side of the river, many examples of it 

,. It is evident that these fresh-water shells could not, however, have been trans
ported very far, because, although quite thin, they are not water-worn, but seem to 
have been deposited in an unbroken condition. Many of them, however, are found in 
a crushed condition, evidently from pressure during the consolidation of the clay. 
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were seen, presenting a curious and puzzling appearance. They had 
grown crowded together by thousands, beak down ward; while, in most 
cases, the shell itself was dissolYed away, leaving only the internal casts, 
often 12 to '13 inches in length and only about 2 inches in breadth, 
standing side by side, with their longer diameters at right angles to 
the plane of the bed in which they were enveloped. At first it was 
rather difficult to comprehend what they could be, but on drawing some 
of them that were loose from the ca.vities they were found to be the 
internal castR of this peculiar oyster, showing the muscular scars quite 
uistinctly. In a few instances, however, some of these specimens also 
l'etain the shell itself entire. 

The highest horizon in this great series of beds at which fossils were 
seen in situ was in division 23 of the section, (fourth ridge.) Here we 
found in a light-grayish, soft sandstone numerous casts and broken 
shells of a large Inoceramus, with fragments of Ostrea and casts of a 
Cardium. The Inoceramus found here is a suborbicular, rather com
pressed or moderately conYex species, with a rather short hinge and 
regular concentric undulations. It agrees wen with Upper .1\-Iissouri 
specimens we have ahvaJ-·s referred to I. nebrascensis, Owen, from the 
Uretaceous, excepting that none of the specimens found are qnite so 
large as Owen's type ; the size b@ing about intermediate between 1. 
Sagensis, and I. nebrascensis, Owen, which, however, may be only 
varieties of one species. The fragments of Ostrea and casts of Octrcl-iwn 
fonnd in the same association were too imperfect for satisfactory identi
fication, but seemed to be very like forms found far below this horizon 
in otller beds. 

Along a slope formed by division 25 loose fragments of Ostrea were 
observed, that appeared to be the same form found associated with the 
Inoceram'ltS and Oardi1.un, in diYision 23~ but none were seen in place. 

Beyond this, toward Echo Canon, as we ascend in the series the same 
light-grayish colors prevail in the sandstones and intercalated. beds of 
conglomerate, for perhaps five or six hundred feet or more before we 
come to the great brownish conglomerate of t.be canon. These· lighter 
colored sandstones, however, are coarser and less coherent than most of 
those helow the division 26. We looked carefully for fossils in the~e 
beds, but found no traces of organic remains of any kind; and, judging 
from the coarseness of the material, it is probable that it was rapidly 
deposited dul'ing the prevalence of physical conditions unfavorable to 
animal life. 

The same was also evidently the case, even in a far more marked de
gree, during the deposition of those huge, massive beds of brownish 
conglomerate, at Eeho Uauon, (divisions 29 to 31, inclusive, of the sec
tion,) which are so coarse as to present the appearance of consolidated 
drift. These beds are mainly composed of water-worn rocks of eyery 
size, from that of small pebbles to bowlders from 6 to 10 inches in 
diameter, the larger sizes more frequeutly predominating. The inter
stices are :filled with arenaceou'3 matter, and the wllole firmly cemented 
together. So far as examined, near the mouth of the canon, a l~rge ma
jority of these pebbles and bowlders were found to be very hard, light
grayish siliceous roek, apparently metamorphosed sandstone, though a 
fe\\ of igneous origin were occasionallJ-· seen. The wbole formation is 
so massive that it would often be difficult to see in it any eYidenees of 
stratification, if it were not for occasional seams and lenticular bodies 
of intercalated sandstone along certain horizons. These have a deep 
reddish- brown color, and, as they are liable to weather out, where ex
posed, tlley leave lines of cavities that impart to the surface of precip-



GEOLOGICAL SURVEY OF THE TERRITORIES. 447 

itous exposures a stratified appearance. The coloring matter by which 
the whole formation is tinged brownish-red evidently comes from tht>se 
intercalated seams of sandstone, and the same material forming the 
paste of the conglomerate; because the pebbles and bowlders them
selves forming the main body of the same, when washed, often retain 
little of this ferruginous tinge. 

Of course we can scarcely hope to find organic remains in such a for
mation as this, which lllnst have been deposited by the action of powerful 
currents of water, in which mollusks or other organisms could not have 
lived; and if, by any chance, their shells or other solid parts should 
have been placed there, they would probably have been ground to pow
der by attrition among the rolling pebbles and bowlders and whirling 
sands. If any traces of fossils, however, exist in any part of this forma
tion, it is among the seams and intercalated beds or lenticular masses 
of sandstone, or local bodies of finer material, that they most probably 
occur. 

This immense massive conglomerate not only composes the towering 
walls of Echo Canon-at places forming perpendicular, or even over
hanging escarpments, 500 to 800 feet in height-but also rises into 
mountain masses on the west side of Weber River near the mouth of 
the canon. Opposite Coalville, on the same side, five miles farther up, 
it likewise forms the upper part of the mountains above the Cretaceous; 
while south of Coalville, on the east side of the river, it is developed in 
such great force as apparently to form much of the entire mass of the 
mountaius seen there. I am not sure that we saw its entire thickness 
exposed at any one place, but it prob~bly attains a thickness of 2,000 
feet in places. 

That this great conglomerate formation is of Tertiary age, as suggested 
by Dr. Hayden, Mr. King, and Mr. Emmons, I know of no reason toques
tion. This view not only accords with the fact of its position above such 
an extensiYe series of Cretaceous rocks, hut with its non-conformability 
with the same, as well as with its remarkably coarse material. The line 
of separatiou between the two formations is probably that separating 
divisions 29 and 30 of our section_:.that is, aU belO\v that line probably 
belongs to the Cretaceous-though we did not find. any fossils in place 
above division 23, and. those found there were certainly Cretaceons types. 

'Vhen referring the coal series at Coal ville to the Cretaceous, in Mr. 
King's and Dr. Hayden's reports, I called attention to the very unusual 
entire absenee, so far as known, of the genera Ammonites, Scapkites, 
BacuJites, and all of those various other Cephalopoda, as well as of many 
other types, so generally at once distinguishing marine Cretaceous 
rocks from those of Tertiary age. At the same time, however, I noticed 
the presence of several species of lnocerantus, one of Anchttra, and one 
of Gyrodes, genera that do not occur in more modern rocks than those 
belonging to the Cretaceous period; and it was on this evidence, and 
the specific affinities of some of the other tspes, that I was led to refer 
this series to the Cretaceous. The genus Cyprirnera, Conrad, (and 
probably several other genera yet only known in the condition of casts,) 
may now be added to the list of Cretaceous types found. in this series; 
while the species of Gyprimera discovere(l here is so nearly Jike C. de
pressa, from the Cretaceous of North Carolina and Mississippi, as to 
leave doubts whether it may not real1y be the same. We also now 
have the well-known Cretaceous species Inoceramus problematicus, from 
hoth above and below the main coal-bed at Coalville; wbile another 
larger lnocet·amus, from far above all the coal here, is apparently iden
t ical, specitical1~-, with an Upper :\lissouri Cretaceous species. 
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As I have, however, mentioned faults and lateral displacements of 
the strata here, it may be thought b;y some who are yet incredulous in 
regard to the Cretaceous age of these coals that these disturbances of 
the strata may have given origin to erroneous conclusions respecting 
the positions of the beds containing the Cretaceous types with relation 
to the coals. This, however, is simply impossible, because these fossils 
occur, as elsewhere stated, both above and below the coal-beds, even in 
local exposures, where all the strata, and included coal-beds, can be 
clearly seen conformable and in their natural positions with relation 
to each other. Uonseqnently it would not, in the slightest degree, weaken 
the force of the evidence, even if we should admit any conceivable 
amount of dist nrbance of the beds, or even if we were to suppose the 
whole vast series of beds had been bodily tilted up and completely in
verted, (of which condition of things there is no evidence,) because, even 
in that case, we would still have unquestionable Cretaceous tJ·pes both 
above and below the coal-beds. 

In the reports above cited, I stated some reasons for supposing this 
whole group of Oretac.eous rocks to belong to a more recent member of 
that system than any of the recognized subdivisions of the Upper Mis
souri Cretaceous. The facts observed at the locality last season, how
ever, seem to demonstrate that this is not the case. For instance, we found 
toward the lower part of the section, both above and below the main 
coal-bed, lnocercm~,us problematicus, a widely distributed species that is 
very characteristic of the Niobrara and Benton groups of the Upper 
Missouri, which there occupy positions below the middle of the series; 
and, so far as I know, this species ne·ver occurs in this country abm'e 
this horizon.* Again \Ve found, far above this, in division 23 of the sec
tion, numerous specimens of a larger Inoceramus, which, if not reall.v 
identical with one of those forms, is scarcely distinguishable from I. 
Sagensis and I. Nebrascensis of Owen, which occur in the later members 
of the Upper Missouri series. From the~e facts, it is more probable 
that we have here, at and near Coalville, representatives of the whole 
Upper l\fissouri series, with possibly even lower members, farther up 
Weber River, than any of the known Upper Missouri subdivisions of the 
Cretaceous. lf this is so-and there seems to be little reason to doubt it
the marked difference observed between almost the whole group of fossils 
found here, and those of the Upper Missouri Cretaceous, would seem to 
indicate that there was no direct communication between the Cretaceous 
seas or gulfs of t.bat region and those in which these Utah beds were 
deposited. Differences of physical conditions, however, probably also 
played an important part in the production of this diversity of life, 
since it is evident from the great predominance of clays and other fine 
materials in the Cretaceous beds of the Upper Missouri, that they were 
deposited in comparatively deeper and more quiet waters than those in 
Utah, in which coarse sandstones, with occasional pebbly beds, predom
inate. 

Although the Uoa.Iville coals, and indeed all of those of this entire 
region of couut.ry, belong, (as might be expected from their compara
tively modern age,) chemically speaking, to the brown-coal series, they 
are of unusal1y good quality, being generally as hard, black, compact, 
and shining as the far older Carboniferous coals. They burn much like 
bituminous coal, being, in fact, semi-bituminous. As they contain more 

*For the information of European geologists, not familiar with the details of our 
geology, it should be stated that the entire Upper Missouri Cretaceous series belongs to 
the upper part of that system. 
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water, howeYer, their heating properties are not equal to those of the 
older Carboniferous coals, while they are more liable to crumble from 
exposure and handling. Still, when we take into consideration the great 
scarcity of wood throughout immense areas of this internal part of the 
continent, the thickness and extent of some of the beds, and their prox
imity to the Pacific Uailroad, it will readily be understood that these 
mines must 'be of great value. 

The main bed (division 5 of the section) must contain practically in
exhaustible quantities of coal, and bas a moderately firm roof of sand
stone. Some difficulties, however, will be met with at places, in miuing 
it, on account of faults and dislocations of the strata, hut not greater 
than in coal-mining in other disturbed districts. 

It is also evident that in mining these coals, great care should be 
taken not to allow the refuse throwu from mines to accumulate at the 
entrance, in contact with the outcrop of the coal- bed in place ; because 
this refuse coal, as thus exposed to the weather, is liable to take fire 
spontaneously, and ignite the coal in the mine, causing great trouble 
and loss, not always so much from the amount of coal consumed as from 
filling portions of the mine with suffocating gases and smoke, as well 
as from causing the falling in of the overlying strata. 

At Spriggs's mine, directly in Coalville, the strata, as already explained, 
do not conform to the general dip, and strike on the other side of Chalk 
Creek, a little north and east of here, the strike being nearly north and 
south, and the dip but little north of west, about 14o below the horizon. 
The rising up of the beds here is almost co ·ncident with the western 
slope from a little plateau of 3(:) to 40 feet elmyation above the valley on 
the southeast margin of the town. Formerly the mine here was worked 
by drifts or galleries, following the coal directly from the surface under 
the inclined sandstone, (divisio!l 6,) which forms, at places, the surface 

!of,the slope fi'om the little plateau. Fire, however, was communicated 
from the burning slack coal at the entrance of the mine, to the outcrop 
of the coal-bed, aud burned under, causing the sandstone to fall in, and 
filling parts of the mine with smoke and gases, which \Yere escaping 
from cracks in the fallen-in sandstone and overlying earth ·when we 
were there. 

\Vhether on account of inconvenience caused by tbe lHunillg coal, or 
for other reasons we did not learn, they were, wheu we were at the lo
cality, sinking a highly inclined shaft, commencing a little above the 
base of the slope mentioned, and cutting down ol>liqnely through the 
elay of division 7 and division 6, to strike coal-bed some distance l>elow 
the bottom of the valley. 

The dip of the strata here must cause the coal to plunge beneath the 
valley, anu, if there are no faults or fissures, to pass under '\Vel>er I~iver, 
at a Yertical depth of between 300 and 400 feet. It is therefore possible, 
as suggested by :Mr. Emmons, that there may be much trouble with 
water in working this bed far beneath the surface here. unless the 
heavy bed of impervious clays (division 7) may prevent water from this 
source from percolating down to the coal-bed. 

The other mines, two to two and a half miles farther northeastward, 
on the same bed, and at considerable higher elevations, will probably 
be less troubled with water. Indeed, there is little reason for doubting 
that slightly inclined tunnels might be started, at much lower horizons 
on this bed, between the mines now worked there and Coalville, and 
extended in a northwesterly direction, so as to drain themselves and all 
the mines on this bed above. 

Of the mines over on Grass Creek, some four or five miles northeast-
29 G S 
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ward of Coalville, we only visited one, owned, I believe, by Mr. Joseph 
Young, one of Brigham Young's sons. This mine is situateu'in the bot
tom of Grass Creek valley, or canon; and as it seems to be exactly on the 
line of strike of the other mines between it and Coalville, and does not 
differ very materially in strike, dip, and thickness, there can scarcely be 
any doubt that it is in the same bed of coal. This view is also supported 
by the fact that the coal is immediately overlaid by a sandstone like 
that seen over the mines between here and Coalville, and at Coalville; 
while we saw in this sandstone apparently the same oyster observed 
in that forming the roof of Spriggs's mine at Coalville. 

The mines in the higher part of the series, although in thinner beds 
than the main one far below, must be of considerable value. That 
owned by Mr. Carleton, on the west side of Weber River, in· division 17 
of the section, affords a good quality of coal. The thickness of the bed 
is about 3 feet 4 inches, with one foot of black shale and impure coal 
above it, and over this 1 foot and 2 inches of coal. Where the shale is 
firm enough not to require much tim bering to hold it up, it can probably 
be left as a roof to the mine; but where the shale is thin and friable, 
the whole thickness, including the upper 1 foot seam of coal, up to the 
sandstone, will have to be taken out. Indeed it is possible that the shaly 
parting between the two may become, at places, sufficiently carbonaceous 
to serve for the supply of fuel for machinery at the mine, and in that case 
it would be the uest economy to work the whole thickness. The ridge at 
this mine extends apparently without break for two miles or more, and 
it seems probable that the coal is equally accessible throughout the 
whole extent. 

Bear River.-On Sulphur Creek, near Bear River, in Western Wyoming, 
there are to be seen some very interesting exposures of Cretaceous rocks, 
including valuable beds of coal. These exposures are directly on the 
Union Pacific Railroad, and evidently belong to the same horizon,as 
the coal series at Coalville, Utah. 

As long back as 1860 the strata, including the coal here, were referred 
to the Cretaceous by the writer and Mr. Henry Engelmann, in a paper on 
Colonel Simpson's collections.* They were also referred to the same 
age by Mr. King, J\1r. Emmons, Dr. Hayden, and myself in 1870.t There 
is, however, also here, associated with the above-mentioned beds, another 
quite distinct formation, containing an entirely different group of fossils, 
consisting of a mingling of both fresh and brackish water types, which 
I have always considered most probably of lower Eocene age. 

While on an excursion to Wyoming and Utah during the past sum
mer, accompanied by Dr. Bannister, we availed ourselves of the oppor
tunity to stop at the Bear River locality to examine the rocks and collect 
fossils, and from our notes, observations, and collections, I have prepared 
the accompanying section of the strata exposed there. Most of these 
beds, it will be seen, are thrown up into a nearly vertical posture, with 
an approximate north and south strike; and the section, which is a little 
more than one mile in length, crosses tae strike at right angles from 
east to west. Commencing at the right band, or eastern end of this 
section, and going westward, we meet with the following strata: 

*Proceed. Acad. Nat. Sci., Philad., Apr., 1860, p. 130. 
t Mr. mng's and Dr. Hayden's Reports for 1870. 
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SECTION OF THE ROCKS EXPOSED ON SULPHUR CREEK, NEAR BEAR 
RIVER, WYOMING. 

Ft. In. 
"'No. 1.-Black shale, only seen in bottom of Sul-
.., phur Creek, thickness unknown. 

No. 2.-Slope apparently occupied by clays, 
thickness perhaps 100 feet or more . . . . . . 100 0 

No. 3.-Soft light grayish sandstone, nearly 
vertical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 0 

«~No. 4.-0overed space, probably occupied by 
. .... clays, but showing some saudstone that 

"' may or may not be in place; perhaps room 
enough for 250 to 300 feet. . . . . . . . . . . . . . . 300 0 

"'No. 5.-Two or three rather heavy beds of ligllt 
yellowish gray sandstone, separated by 
clays, probably occupying some of the space 
included in division 4. Near the lower part 
t.wo layers 15 to 18 inches each, of sand-
stone, con tai u in g Ostrect soleniscus, Trap-
ezium micronema, &c. Altogether 90 to 100 
or more ................................ 100 0 

No. G.-Greenish and bluish gray sandy clays, 
~ with some dark shale at places . . . . . . . . . . 100 0 

No. 7.-Bed of good coal, said to be 7~- feet in 
thickness ......................... __ . _ . 7 6 

::!: No. 8.-Heavy massive bed of light colored 
~ sandstone, about 90 feet in thickness, stand-
~ ing nearly vertical, with some 3 to .5 feet 

; ~{v~:~~y7~1~! ~~~~-~e-~ _i_t_ ~~1-~ _t_~~ -~~~1- ~~ 95 0 
"' No. 9.-Gray sandy shales with a~ternations of 
~ sandstone a11d clays .. ~ . . . . . . . . . . . . . . . . . 255 0 
g No. 10.-Light gray sandstone . ... . . . . . . . . . . . 20 0 
~No. 11.-Slope and unexposed space, perhaps 
g:: 200 yards or more across. . 
~No. 12.-Light gray sandstones and clays, in
"' eluding a bed of good coal, said to be 72 

feet in thickness; all dipping son til-south
east 55° below horizon; and the sandstone 
above the coal containing many casts, Inoc
eramus problcmaticus, "'ith a few casts of 
Cardiu,m and umletermined univalves; al-

"' together showing about ................. 150 0 
~~~~l·"" No. 13.-A valley or depression showing no 

rocks, perhaps 150 yards across. 
No. 14.-}'erruginous sandstone in thin layers, 

dipping north-west about soo !Jelow hori-
zon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 0 

1;< No. 15.-Bluish laminated clays with, at top, 
(left or west side,) a two-foot layer of sand
stone, containing fragmeuts of shells not 
seen in a condition to be determined. . . . . 125 0 

No. 16.-Clays and sandstone below, (20 feet;) 
~ gray and brown pebbly sctn<lstone abov·e, 

(25 feet) . . . . . . . . .. . . .. . . . .. .. . .. . .. . . . 45 0 
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Ft. In. 
No. 17.-Brownish and bluish clays, with some beds ·of white, 

greenish, and browniRh sandstones .............. ~ ........ 115 0 
No. 18.-Hard gray conglomerate, standing nearly vertical, and 

forming crest of bill about 350 feet high. . . . . . . . . . . . . . . . . . 40 0 
No. 19.-Slope showing above some masses of conglomerate, like 

that of div.i_sion 18, perhaps not in place, with, at places below 
this, some reddish clays; altogether space enough for 500 to · 
600 feet in thickness ........... , ........... ·. . . . . . . . . . . . . . 600 0 

No. 20.-Greenish-white sandstone........................... 40 0 
No. 21.-Brownish clays and sandy layers. . . . . . . . . . . . . . . . . . . . 60 0 
No. 22.-Brownish clays and beds of sandstone, the latter light 

gray below ...... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 0 
No. 23.-Whitish sandstone-forms crest of bill about 220 to 240 

feet in height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 0 
No. 24.-Conglomerate and some red clays . . . . . . . . . . . . . . . . . . . 20 0 
No. 25.-Brownish and reddish clays with a few distantly sepa-

rated thin beds and layers of gray sandstone, altogether 750 
to 800 feet in thickness .......................... _ . . . . . . 800 0 

No. 26.-Gray sandstone in place, apparently connected with 
some masses (that may not be in place) so as to include space 
enough for 60 to 80 feet-forms crest of a hill............. 80 0 

No. 27. A long space of perhaps 260 yards or more, with only 
a few low exposures of light-gray sandstone, showing a 
slight westward dip. · 

No. 28. Numerous thin seams and layers of dark carbonaceous 
shales, with· harder thin bands of various colored argillace
ous, arenaceous. and calcareous matter, including a few very 
thin streaks of coal; the whole being highly charged with 
vast· numbers of fresh and brackish-water shells, such as 
species of Un'io, Corbicula., Corbula, Pyrgttlifera, Vivipar·us, 
Melampus, &c. Dip nearly east, about 75° below the hori-
zon; thickness 175 to 200 feet exposed .................... 200 0 

This section has been constructed rather with the view of giving a 
general idea of the upheaved and confused condition of the strata, and 
(so far as can be done) of the relations of the undoubted Cretaceous 
beds containing workable beds of coal here, ·to the fresh and brackish
water formation at its western end, than as an illustration of minute 
details. The elevations, as well as the horizontal distances between 
exposures, are only given from estimates carefully made at the locality; 
while the thickness of the subordinate beds can scarcely be regarded 
as more than approximately correct, as they are not all sufficiently well 
exposed directly along the line of the section, to show their exact limits, 
and our examinations were not extended very far laterally. It is be
lieved, however, that the section will be found sufficiently accurate to 
serve the purpose for which it is given. 

That the strata in which the workable beds of coal occur here (divis
ions 1 to 12, inclusive) belong to the Cretaceous, has, as already ex
plained, been well known for some years past. It is also evident that 
this formation belongs to the same series as the Coalville coals. The 
evidence of this is not only the general correspondence of the litbolog
kal characters of the rocks at these localities, but the presence here of 
some of the same species of fossils found assoeiated with the coal beds 
at Coalville. Three of these fossils, Ostrea soleniscus, T1·apeziurn micro
nerna, and Inoceramus problematicus, are also peculiar forms that can be 
identified with the fullest confidence. 
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All of that portion of the well-marked Cretaceous series here forming 
divisions 1 to 10, inclusive, along with an important bed of coal, it will 
be seen, stands in very nearly a vertical posture. On going a little far
ther westward, however, across a lower space, showing no rocks, we 
come to another Cretaceous exposure, (division 12 of the section,) con
sisting of thin layers of light colored sandstone, including a workable 
bed of coal, all dipping at an angle 550 below the horizon, in a nearly 
south-southeast direction. In t.his sandstone, above the coal, numerous 
casts of Inoceramus problematicus, and a few other Cretaceous fossils 
occur. 

That the bed of coal found in this last mentioned outcrop, although 
said to agree with the bed 7 in thickness ftnd other characters, is really 
not a part of the latter thrown over from above, or flexed and thrust up 
from beneath, is almost beyond doubt; because the rocks in which it is 
included do not agree lithologically with those .immediately associated 
with the bed 7, while none of the fossils filling the sandstone of division 
12 were seen in any of the rocks directly associated with the coal 7. 

It therefore appears to be quite evident that there are at least two 
distinct beds of coal in the Cretaceous rocks here. Exactly how the 
beds forming division 12, with their included coal, connect with the 
other Cretaceous strata, included in the divisions 1 to 10, we cannot 
very clearly explain. The probability is, however, that they, and possibly 
other associated strata bidden under the soil, were originally tilted with 
the other Cretaceous beds, (1 to 10,) to a vertical posture at the time of 
the upheaval, and then fell over to the present inclined condition. We 
observed no evidence whatever that they correspond to any part of the 
series included in the same section farther west. 

If only the strata already mentioned (1 to 12 inclusive) at this 
locality are Cretaceous there would then be, exclusive of other beds 
that may be bidden in the spaces 11 and 13, about 1,213 feet of rocks 
seen here that are certainly of Cretaceous age. 

"rest of the out-crop of division 12, we have first another lower 
space of probably about 450 feet, in which no exposures of rock in place 
were seen. Then we come suddenly to a great series of sandstones, 
clays, conglomerates, &c., more than 2,000 feet in thickness, (forming 
divisions 14- to 26, inclusive of the section,) all standing in a vertical 
posture, excepting the beds from 14 to about the 18th, all of which lean 
slightly to the eastward of an exact perpendicular. \Vhether or not all 
of this great series, from division 14 to 26, should also be included in 
the Cretaceous along with those forming the eastern portions of the 
section, we were unable to determine, because we saw no organic re
mains in any of these beds, excepting a few undeterminable fragments 
of shells in the upper layer of division 15. The fact, however, that 
these strata stand so very nearly conformable to the well-marked Cre
taceous beds, from 1 to 10, would rather favor the conclusion that they 
belong to the same system of roeks, though it would not necessarily 
demonstrate that this is the case. 

West of division 26, we come to a space of about 260 yards or more, in 
which no rocks were observed in place, excepting a few low out-crops of 
light grayish sandstone, but little abo-ve the base line of the section. 
These are almost horizontal, or show only a slight inclination below the 
horizon toward the west; being thus strikingly unconformable to all of 
the other strata of the section. vVe saw no fossils in these beds, but 
they are almost certainly Tertiary. 

Immediately on the west of the last-mentioned outcrops, and. nearly 
in contact with one of them, there is exposed, in a cut made for the pass-
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age of the railroad, one of the most interesting series of beds (division 
28) anywhere to be seen on the whole line of the Union Pacific Rail
road.* This cut is about 150 to 200 yards in length, and passes through 
the strata nearly at right angles to their strike. The beds thus exposed 
consist of numerous thin seams of dark and light grayish colors alternat
ing, so as to present a banded or striped appearance, the darker bands 
being more or less Carbonaceous, or even in some cases containing thin 
streaks of coal; while the lighter layers are more arenaceous, calcareou~, 
or argillaceous. .All of these beds and seams are tilted up so as to dip 
nearly eastward at an angle of about 75° below the horizon, being thus 
not exactly conformable to any of the other divisions of the ~ection, 
though apparently uphea\ed at the same time. They contain immense 
numbers of fossil shells, belonging to a few species of fresh and brackish 
water types, some of wll~ch are closely allied to European Lower Eocene 
species. 

Toward the western extremity of this cut the upper ends of the strata 
are suddenly flexed westward, as if they had been struck, after their up
heaval, by an iceberg, or Eome other tremendous force, coming from the 
east. There is no eddence, howe\er, that this flexure was produced by 
any agency of this kind; on the contrary, it is almost certainly a mere 
fragment, as it were, of one of the folds of the strata, caused by the powe1;ful 
forces to which they have been subjected, by the combined action of 
upheavals and lateral pressure. 

This division of the section, I have always referred provisionally to 
the Lower Eocene, though I have, at the same time, intimated that it 
may yet be found to belong more properly to the Upper Cretaceous. I 
will return to this subject again, however, in another place, ful'ther on, 
when speaking of Tertiary collections. 

In regard to the coal beds 7 and 12, in the Cretaceous formation here 
at Bear River, I should think that there can scarcely be any reasonable 
doubt that they will be of considerable value. The mines bad, however, 
apparently been worked but little, and as nothing had been done in 
them for some time before our visit, the entrances were partly filled by 
the falling of the adjacent rocks and shale, so that we could not exam
ine them very carefully. We were informed by 1\lr. Thorpe, however, 
the owner of the property, that each of the beds seen there is 7~ feet in 
thickness, and that the coal is of excellent quality. It is doubtless simi
lar .to that mined in the same formation at Coalville. The mines are 
exceedingly convenient to the railroad, which passes along so close to 
that in the bed 7, that the miners' carts can run out upon a platform at 
the entrance of the mine and tip directly into coal-cars on the railroad; 
while the opening into the other bed, 12, is only about 100 to 150 yards 
from the road. 

Below Gallatin City.-The fossils from near the Missouri River, below 
Gallatin City, Montana, belong clearly and beyond doubt to the Cre
taceous, and about to the horizon of the Fort Benton group or subdi
vision of the Upper Missouri Cretaceous series. .A few of the bivalves 
appear to belong to the fresh or brackish water type, Veloritina, 
but all of the others are marine forms. It is an interesting fact that a 
Trigonia, in this collection, is so near T. Evansi ti·om the Cretaceous 
beds of Vancouver's Island, that no reliable differences can be seen 
from the imperfect specimens found. So far as I have been able to de-

*For a very minutely detailed section of this cut, prepared by H. R. Durkee, esq., 
one of the engineers of the Union Pacific Railroad, see Dr. Hayden's report of 1870, p. 
153. It only illustrates the beds seen in the cut, however, without showing- their relar 
tions to the other beds seen in our section. 
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termine, none of tlle species from tllis locality seem to be certainly 
identical with any of those from any of the recognized subdivisions 
of the Upper Missouri Cretaceous, but some of them occur at other 
localities along with the characteristic forms of the Benton group. 

Cinnabar .. Mountain.-'rhe species from Cinnabar Mountain, Yellow
stone Valley, belong, almost certainly, to the same horizon as those from 
lYiissoui'i River below Gallatin, the species of Trigonia mentioned from 
that locality being the same found at this. There can be little doubt in 
regard to these fossils belonging to the Fort Benton group of the Cre
taceous, because I recognize among them Scaphites ventricosus, one of 
tlle most characteristic fossils of that llorizon. 

BridgerPeak.-ThefewthingsfromeastfootofBridgerPeak,(fourmiles 
from Fort Ellis,) Montana, are nearly all mere casts in a bad state of pre
servation, but, so far as I haYe been able to determine, none of the 
species appear to be identical with any of those known from the recog
nized subdivisions of the Upper l\fissouriCretaceous; though, from their 
general facies, tllere is still little room to doubt that they belong to the 
Cretaceous system. They are certainly not 'Iertiary. 

Colorado Springs.-A small collection from Colorado Springs, Colorado, 
evidently belong to the horizon of the Fort Pierre group of the Upper 
lYlissouri Cretaceous series. · 

Rock Oreek.-Tbe collections found by Professor Lesquereux on Rock 
Creek are all Cretaceous forms from the horizon of theN iobrara division 
of the Upper Missouri. 

Fort Harker.-Those collected by him from near Fort Darker are also 
Cretaceous, and from tbe horizon of the Fort Benton group. 

Bitter Greek series.-Along Bitter Creek, (a small tributary of Green 
River, in Wyoming,) from Black Butte northwestward to Salt Wells 
Station on the Union Pacific Railroad, and at Rock Spring and some 
other points west of Salt Wells, there is an extensive series of rocks, in 
regard to the age of which somewhat different opinions are entertained. 
For a detailed description and sections of this formation the reader is 
referred to Dr. Bannister's report, forming a following section of this 
volume, my object here being merely to say a few words mainly respect
ing the age of this group. In general terms it may be briefly des~ribed 
as a vast succession of rather soft, light-yellowish, lead-gray, and whit
ish sandstones, with seams and beds of various colored clays, shale, 
and good coal, the whole attaining an aggregate thickness of more than 
4,000 feet. 

The invertebrate fossils hitherto found at different horizons in this 
ser:ies present a mingling of fresh, brackish, and salt-water types, such 
as Goniobasis, Vivipar,us, Oorbicula, Oorbula, Ostrea, Anemia, and Modiola. 
All of these genera are found represented, either directly in the same bed, 
or very nearly so, near the very top of the series at Black Butte Station, in 
Division E of Dr. Bannister~s section. At llallville, three miles farther 
west, and 1,600 to 1,800 feet lower in the series, in Division K of the 
same section, a Oorbicula, and another form like a Oorbula, both scarcely, 
if at all, distinguishable from species found in the higher beds at Black 
Butte, occur in a black slate over a bed of coal. Near the same hori
zon, at Point of Rocks, seven or eight miles farther down Bitter Creek, 
great numbers of a fine large oyster also occur, above the fourth (or 
still higher bed) of a series of beds of coal, seen in the face of a nearly 
perpendicular precipice, about 300 feet above the bottom of the valley 
on tbe north side. Three or four miles west of this, and at a horizon 
probably 500 feet lower, in Division M, of Dr. Bannister's section, there 
is a bed 15 t-o 18 inches in thickness, almost entirely composed of mil-
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lions of shells of Anomia and Ostrea, together with a few of Oo'rbula, Oor
bicula, Modiola, and Goniobasis, all apparently of different species from (but 
some of them very closely allied to) those found higher in the series. 
Again, at Rock Springs, perhaps twelve miles farther westward, and 
not far below the horizon of the last-mentioned localities, we found 
numerous specimens of Oorbttla, Ostrea, Oorbicula, JJiodiola, and Gonioba
sis, all associated in the same bed, the species being a.gain distinct, except
ing probably the Oorbicula and Ostrea, from those found at any of the 
other localities, though the Oorbula and Goniobasis are of the same type 
as those found at Black Butte. 

At Black Butte Station, in the bed containi·ng most of the shells al
ready mentioned as occurring there, we found, along with numerous 
specimens of beautiful impressions of leaves of dicotyledonous trees, 
some large bones of a huge reptilian.* We also observed nearly all 
through this formation impressions of the leaves of the higher types of 
dicotyledonous trees, in some instances belonging to the same genera 
as those composing our existing forests of the temperate zone; also 
fragments of fan-palm leaves, and the stems of marine plants.t 

From such a group of organic remains, it seems scarcely to admit of 
doubt that this formation was deposited in a body of water, which, 
although salt enough to permit the existence of some marine types, was 
still probably so tempered by the influx of the streams that brought in 
the land and fresh-water remains, as to be at least unfavorable to the 
extensive development of marine life. The presence of numerous beds 
and seams of coal also indicate that there were alternate elevations and 
depressions of this whole region during the deposition of this formation. 
That is, if we admit the most generally accepted theory that such de
posits of coal were formed by the growth, on the spot, of vegetation in 
marshes at, or a little above, the sea-level. Because we find some 
marine or brackish water types between nearly .all tile coal-beds, thus 
showing that after the accumulation of the material of each bed of coal, 
it was again covered by salt, or at least strongly brackish, water. 

It is not necessary, l.Jowever, to suppose that each elevation was equal 
to the preceding subsidence, because the accumulation of sedimentary 
matter during the interval probably largely compensated for the sink
ing, so that the elevations may have been comparatively very slight to 
bring the bottom again slightly abo\e the sea-level. At any rate, what
ever theory we may adopt in regard to the formation of such coals, it 
appears exceedingly irnprobahle that the coal beds of this region were 
formed by the drifting together of the trunks and fragments of trees 
and other vegetation; because, although we sometimes see small frag
ments of this coal showing woody structure, as we do in those of the old 
Carboniferous period, they are not in any proper sense lignite, so far as 
structure is concerned, but seem to have been mainly formed by the 
growth and accumulation of smaller kinds of vegetation, and are as 
persistent, compact, and homogeneous as any of the old bituminous 
varieties. 

From near Salt Wells southeastward to Black Butte Station, this 

*On hearing of these discoveries from some friends from the East, to whom I had 
mentioned the same at Salt Lake City, Professor Cope visited the locality on his return 
home, some time in August, 1872, and dug out more of the bones of the reptilian, which 
he soon after described in a paper sent on to the Philosophical Society, as the type of a 
new genus of Dinosaurians, under the name A.gathaumas sylvestris, and expressed the 
opinion that it proves the rock to be Cretaceous. 

t .All of the remains of plants collected from this and other formations uy the Survey, 
have been ably reported on by Professor Lesquereux. 
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formation shows a gentle eastward dip, which causes it to pass under 
another very similar series of strata, to which Dr. Hayden has applied 
the name Washakie group. In the latter, so far as our present knowl
edge extends, only fresh water and land types of fossils have yet been 
found, and we have always regarded it as being of Tertiary age. Exactly 
where the one ends and the other begins we did not see; though the 
Bitter Creek series certainly come eastward to division E of Dr. Bannis
ter's section, at Black Butte, as we found its characteristic molluscan 
remains there in the same bed containing the reptilian bones. 

Between Black Butte and Bitter Creek Stations (separated by a dis
tance of only about six miles by a right line east and west) we ob
served no marked change of lithological characters, from the Bitter 
Creek series to the Washakie group, while the two series seemed to be 
conformable in dip. Although our observations in this interval were 
too limited to warrant a positive opinion on that point, we left Black 
Butte Station under the impression that the brackish-water types of the 
Bitter Creek series probably extend little, if any, higher in the series, 
or farther eastward, than the tops of the hills near Black Butte. 

At Salt Wells station, which is situate<! in an anticlinal, owing to the 
rising of the strata, as we come westward, (see Dr. Bannister's section,) 
a lower series of rocks comes up from beneath the Bitter Creek beds. 
This lower group consists of thin layers of grayish and drab slabby 
sandstones, and shales with, at places, some appearances of coal in the 
upper part. It seems to be conformable with the Bitter Oreek series, 
and probably belongs to the Cretaceous, though we saw no fossils in it. 
From exposures seen near Salt Wells, there would appear to be 700 to 
possibly 1,000 feet of these lower rocks here, above the valley. 

In going westward from Salt Wells station we soon observe a reverse 
of dip, and the Bitter Creek beds again appear, dipping westward or 
northwestward. At, and near Rock Springs, extensive coal-beds occur 
in this formation, and here we found associated with or near one of these 
beds the fresh, brackish, and salt-water types of shells already men
tioned. The dip of the strata here is to the northwestward, at an angle 
of 100 to 120 below the horizon, so that a short distance farther west 
the whole group passes under a great series of whitish, greenish, and 
at places reddish laminated clay of Tertiary age, forming Dr. Hayden's 
Green River group, and rising into hills 700 to 800 feet in height above 
the valley. The strata of this latter group are distinctly unconformable 
to those of the Bitter Creek series, their dip being only 20 to 3° west
ward. 

But, returning to the question respecting the age of this Bitter Creek 
series, it may be stated, in the :first place, tb~t :Th1r. Emmons evidently 
regarded it as Cretaceous, as may be seen from his remarks in 1\ir. 
King's report, published in 1870; while Dr. Hayden favored the conclu
sion that it is a marine Tertiary group, or a transition series between 
the Tertiary and Cretaceous, in his reports of that and the following 
years. 

The only fossils I bad ever seen from this formation, previous to vis
iting the region during the past summer, were two species of Ostrea 
and one of Anomia from Point of Rocks; and two shells, one, or possi
bly both, related to Corbicula, from Hallville. Those from Point of 
Rocks I referred to the Cretaceous, placing them in the Cretaceous list, 
in Dr. Hayden's report of 1871. This I did, mainly because there were 
among them no fresh-water, or strictly brackish-water types; while up 
to this time we know of no Tertiary of exclusively marine origin in all 
this internal region of the continent. I was also, jn part, influenced in 
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making this reference by the similarity of one of the oysters to a Cre
taceous species found in California, while the Anomia likewise closely 
resembled a Texas Cretaceous 'shell, described by Hoerner under the 
name of Ostrea anomimforrnis, which certainly seems not to be a true 
oyster. The two shells from Hall ville, however, I referred to the Eocene. 
not only because they are very closely allied to Eocene brackish-water 
forms from the Paris Basin, (peculiar depressed and elongated forms of 
Corbicula, ~) but because I was not aware at the time that the Hallville 
mines occur in the same formation as the Point of Rock beds, nor even 
within fifty to seventy-five miles of the same locality. Hallville is not 
laid down on any map I have even yet seen, and I was entirely ignorant 
of its position, both geologically and geographically, with relation to 
Point of Rocks; and as the species were new, I had no other guide 
than their affinities, which would certainly place them in the Tertiary. 

On visiting these localities, however, last summer, I was somewhat 
surprised to find that the Hallville mines are only some seven or eight 
miles from Point of Rocks, and belong to the same geological formation. 
A careful examination also soon rendered it evident that all of the rocks, 
for ;1,600 to 1,800 feet or more above the Hallville coal-beds, up to and 
including the stratum in which we found the large reptilian remains at 
Black Butte, and for even a little greater thickness below the Hallville 
horizon, certainly belong to the same gnoup or series of strata; and that 
fresh and brackish-water types of fossils occur along with salt-water 
forms, at all horizons, wherever we found any orga~ic remains through
out this whole series. · 

As we discovered in these rocks between three and four times as 
many species of fossils as had been previously known from the same, it 
becomes a matter of some interest to consider the whole with regard to 
their bearing on the question as to the age of the group. The reptilian 
remains found at Black Butte, near the top of the series, have, as else
where stated, been investigated by Professor Cope, and by him pro
nounced to be decidedly Dinosaurian and, therefore, indicative of Ore
taceous age; on the other hand, the fossil plants from the same beds 
have been studied by Professor Lesquereux, who informs me that they 
are unquestionable Tertiary types. My own investigations having been 
confined to the invertebrates, it is of these chiefly that I will speak here. 
In the first place, it will be seen that all of these yet known belong to a 
few genera of mollusks, represented by some twelve or fourteen species. 
And just here it may be stated that, although partly committed in favor 
of the opinion that this formation belongs to the Cretaceous, and still 
provisionally viewing it as most probably such, I do not wish to dis
guise or conceal the fact that the evidence favoring this conclusion to 
be derived from the mollusks alone, as now known, is by no means strong 
or convincing. The genera are pr0bably all common, both to the Cre
taceous and Tertiary, as well as to the present epoch, unless .Leptesthes 
and Veloritina, which have been separated subgenericallyfrom Corbicula, 
may be distinct genera, the European representatives of these being 
mainly, if not entirely, Tertiary forms, while they do not appear to in
clude living species. Goniobas·is is also not known in either Cretaceous 
or Tertiary rocks of the Old World; but then it is an American type, 
greatly developed among our exist.irig mollusca, as well as in the far 
western Tertiary rocks, and we can scarcely doubt that it will be found 
in unquestionable Cretaceous beds there, even if some of the imperfect 
specimens already known from the same are not such. It should be 
remembered, however, that even the specimens I have referred to this 
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genus from the Bitter Creek beds are not in a condition to show the 
aperture, beyonu doubt, to possess the characters of Goniobasis. 

The entire absence among the fossils yet known from this formation 
of Baculites, Scaphites, Ancyloceras, Ptychoceras, Ammonites, Gyrodes, 
Anch~wa, Inoce1·amus, and all of the other long list of genera character
istic of the Cretaceous, or in part also extending into older rocks, cer
tainly leaves its molluscan fauna with a strong Tertiary facies. Nor 
can we quite satisfactorily explain this away on the ground that the 
water in which this series of rock~ was deposited partook too much 
of the character of that of an estuary, to have permitted the existence 
of any of tllej3e marine genera, because we do find in it the o·enus Ostrea, 
Anomia, and JJJodiola, which probably required water salt enough to 
have permitted the existence of Inoceramus, Anchura, and G!Jrodes, if 
not of some or all of the genera mentioned above. Indeed, at Coalville, 
we find Inoceramus associated with some brackish-water types, and the 
additional Cretaceous genera, Cyp-rimera, .Anchwra, Gy-rodes, &c., in 
closely-associated beds. . 

When we come to consider the inYertebrate fossils yet known from 
this formation, in their specific relations, we find all, with possibly two 
or three exceptions, new to science and different from those yet found 
either at Bear River, Coalville, or indeed elsewhere in any established 
horizon ; so that we can scarcely more than conjecture from their 
specific affinities to known forms as to the probable age of the rocks in 
which we find them. Considered in this respect their evidence, how
ever, is con:fiicting. Two of the species of Gorbula, for instance, (G. 
tropidophora and G. undifera,) are most similar to species found in the 
brackish-water beds, at the muuth of Judith River on the Upper l\fissouri, 
that we have always considered Lower Tertiary; though there are some 
reason for suspecting that they may be Upper Cretaceous. A Corbimtla, 
both from the Black Butte and Point of Rocks localities, is even so very 
nearly like G. cytheriformis from the Judith River beds, that I have 
referred it doubtfully to that species. 

Again, the species Anomia gryphorhynchus, found so abundantly at 
Point of Rocks, in the same bed with the above-mentioned Gorbicula 
and Gorbula tropidophora, so closely resembles a Texas Cretaceous shell 
described by Roemer under the name Ostrea anomirejormis, that I am 
strongly inclined to suspect they may be the same; though whether 
identical or not, at least our shell is certainly not an oyster, as it has its 
muscular and cartilage scars precisely as in Anomia, while its beak is 
never marginal, and it has no 'ligament area. In all of these, (and 
indeed in all oth'3r characters,) the Texas shell, as illustrated by Roemer, 
seems to agree precisely with ours, excepting that he represents it as 
having only one central muscular scar, instead of three. In many of 
our specimens, however, the two smaller of these scars are very obscure, 
and might be easily overlooked. It is true he figures a nearly flat 
valve without any byssal perforation, and a convex one, as opposite 
valves ; and, if they are such, the shell would certainly not be an 
Anomia. Among a large collection of our shells, including thousands 
of specimens, however, I have not yet seen a single perforated valve, 
though they vary much in convexity, some of the valves being nearly 
as depressed as the one Roemer ·figures as the upper valve, supposing 
it to be an oyster. If these depressed specimens in our collection are 
opposite valves to the convex ones, then the shell would neither be an 
Ostrea nor an Anomia, but would almost certainly fall into Morris and 
Lycett's genus Placunopsis, which, so far as known in Europe, is a 
Jurassic group. Consequently, if our shell should fall into that genus, 
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it would, when viewed in connection with its associates, and all the 
other known facts, furnish a strong argument in favor of the formation 
being at least as old as the Cretaceous. There are good reasons, how
ever, for believing these depressed specimens, as well as the convex 
ones, are all upper valves of the same shell, only modified in convexity 
by accidental circumstances of station, as their slight obliquity as seen, 
for instance, in a look at the interior of both, is found to be in the same 
direction, instead of the reverse, as would be the case if they were oppo
site valves of the same shell; while among thousands of specimens no 
example of a depressed and a convex valve united bas been seen, nor 
have any been found that would come near fitting together. 

On the other band, the Corbiculas are decidedly Tertiary in their 
specific affinities, as well as in their sub generic; 0. fracta, for instance, 
and 0. crassatelliform.is, from the Hallville mines, being very closely 
allied to Paris Basiri Tertiary forms, the first-mentioned species being 
the type of a sub-genus, so far as known, peculiar to the Tertiary else
where. The same may also be said of 0. cytheriformis, which also seems 
to belong to a group ( Veloritina) p'eculiar to the Tertiary in Europe. 

But the most surprising fact to me, supposing this to be a Cretaceous 
formation, is, that we found directly associated with the reptilian remains 
at Black Butte, a shell I cannot distinguish from Viviparus trochiformis, 
originally described from the Lignitic formation at Fort Clark, on the 
Upper Missouri, a formation that has always been regarded as Tertiary 
by all who have studied its fossils, both animal and vegetable. The 
specimen mentioned does not show the aperture, nor all of the body 
volution; but, as far as can be seen, it agrees so exactly with that very 
peculiar species in size, the form and proportions of its volutions, the 
slopes of its spires, its surface markings, the nature of its suture, and, 
in fact, in every respect so far as can be seen, that I have scarcely any 
doubt of its identity with the same. 

The occurrence of this last-mentioned species here, along with a Cre
taceous type of reptilian, and a Oorbicula apparently identical with 0. 
cytheriformis of the Judith River brackish-water beds, together with the 
presence of Oorbulas very closely allied to Judith River species, at lower 
horizons in this series, and the occurrence of some vertebrates of Cre
taceous affinities at the Judith River localities, would certainly strongly 
favor the conclusion, not only that this Judith formation, the age of 
which has so long been in doubt, is also Cretaceous; but that even the 
higher fresh-water lignite formation at Fort Clark and other Upper 
Missouri localities may also be Upper Cretaceous instead of Lower Ter
tiary. 

That the Judith River beds may be Cretaceous, I am, in the light of 
all now !mown of the geology of this great internal region of the con
tinent, rather inclined to believe. But it would take very strong evi
dence to convince me that the higher fresh-water lignite series of the 
Upper Missouri is more ancient than the Lower Eocene. That they are 
not is certainly strongly in<licated, not only by the modern affinities of 
their molluscan remains, but also by the state of the preservation of the 
latter. Indeed, these shells (Planorbis, Viviparus, Goniobasis, Physa, 
&c.) are found Joose, as they fall froiD: the incoherent sand in great 
numbers, so entirely free from adhering matrix, either internal or exter
nal, and so little changed, that any one not familiar with tlre existing 
species of the country would naturally think them merely dead shells 
of the same, picked up along the shores of the streams. The entire 
flora of this Upper Missouri lignite group bas also always been consid-
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ered, by the highest authorities on that department of paleontology, 
unquestionably Tertiary. 

From the foregoing remarks it will be seen that our present informa
tion in regard to the age of the Ditter Creek series may be summarily 
stated as follows : 

1. That it is conformable to an extensive fresh-water Tertiary forma
tion aqove, from which it does not differ materially in lithological 
characters, excepting in containing numerous beus and seams of coal.* 

2. That it seems also to l!>e conformable to a somewhat differently 
composed group of strata (1,000 feet, or possibly much more in thick
ness) below, apparently containing little if any coal, and believed to be 
of Cretaceous age. 

3. That it shows no essential difference of lithological characters from 
the Cretaceous coal-bearing rocks at Bear River and Coalville. 

4. That its entire group of vegetable remains (as determined by Pro
fessor Lesquereux) presents exclusively and decidedly Tertiary affinities, 
excepting one peculiar marine plant, (Halymenites,) which also occurs 
thousands of feet beneath undoubted Cretaceous fossils, at Uoalville, in 
Utah.+ 

5. That all of its animal remains yet known are specifically different 
from any of those hitllerto found in any of the other formations of this 
region, or, with perhaps two, or possibly three exceptions, elsewhere. 

6. That all of its known invertebrate remains are mollusks, consisting 
of about thirteen species and varieties of marine, brackish, and fresh
water types, none of which belong to genera peculiar to the Cretaceous 
or any older rocks, but all to such as are alike common to the Creta
ceous, Tertiary, and present epochs, wi~h possibly the exception of 
Goniobasis, (which is not yet certainly known from the Cretaceous.) 

7. That, on the one hand, two or three of its species belong to sec
tions or subgc11era (Leptesthes and Veloritina) apparently characteristic 
of the Eocene Tertiar-y of Europe, and are even very closely allied to 
species of that age found in the Paris Basin; while, on the other band, 
one species seems to be conspecific with, and two congeneric with, (and 
closely related specifically to,) forms found in brackish-water beds on 
the Upper :Missouri, containing vertebrate remains most nearly allied to 
types hitherto deemed characteristic of the Cretaceous. 

8. That one species of Anomia found in it is very similar to a Texas 
Cretaceous shell, and perhaps specifically identical with it; while a 
Viripa'rus, found in one of the upper beds, is almost certainly identical 
with the V. trochiformis of the fresh-water Lignite formation of the 
Upper Missouri; a formation that has always, and by all authorities, 
been considered Tertiary. 

9. That the only vertebrate remains yet found in it are those of a large 
reptilian, (occurring in direct association with the Vi1)iparus mentioned 
above,) which~ according to Professor Cope, is a decidedly Cretaceous 
type, being, as he states, a huge Dinosaurian. 

It thus becomes manifest that the paleontological evidence bearing 
on the question of the age of this formation, so far as yet known, is of a 
very conflicting nature; though aside from the Dinosaurian, the organic 
remains favor the conclusion that it is Tertiary. The testimony of the 
plants, however, on this point, although they doubtless represent what 
would be in Europe considered clearly a Tertiary flora, is weakened by 

"See Mr. Bannister's section, farther on- ' 
t '.rbis fossil, however, I am informed by Professor Lesquereux, likewise occurs at 

numerous localities in Colorado and elsewhere, in beds he regards as decidedly Ter
tiary. 
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the fact that we already know that there is in Nebraska in clearly Cre
taceous rocks, a flora that was referred by the highest European author
ity to the :Miocene. I do not know, however, how far Professor Les
quereux's opinion that the Bitter Creek plants are Tertiary may rest 
upon specific identifications among them of forms known to occur in 
well determined Tertiary rocks elsewhere. 

TERTIARY AGE. 

Brackish-water beds of Bear Rivet·.*-In redemption of the promise 
made, I now return to the consideration of the age of the brackish-water 
beds of Bear River, (division 28 of sec. -, on p. -.) These have al
ways been regarded by me provisionally as Lower Eocene, not only 
because their .included fossil remains were closely related to forms 
occurring in the Eocene lignite beds and deposits of the Paris Basin 
and the mouth of the Rhone, but also because none of them belonged 
to characteristic Cretaceous types. If, however, the beds of Bitter 
Creek and the Judith River should finally prove to be Cretaceous, 
the brackish-water beds in question must probably be relegated to the 
same epoch, though they are not known to hold any species in common 
with the Bitter Creek beds, and but one with those of Judith River. 
Their approximate conformability with Cretaceous beds, indicating dis
turbance and upheaval at the same time, favors this conclusion. I may 
add that I have not been wholly without the suspicion that they might 
prove to be Cretaceous, and in a report to Mr. Clarence King, published 
in his report on the geological survey of the fortieth parallel, (vol. 3, p. 
466,) I summed up my conclusions in the following terms: 

·while I am therefore wiliing to admit that facts may yet be discovered that will warrant 
the conclusion that some of these estuary beds, so widely distributed here, should be in
cluded rather in the Cretaceous than in the Tertiary, it seems to me that such evidence 
must either come from included vertebrate remains, or from further discoveries respect
ing the stratigraphical position of these beds with relation to other established hori- · 
zons, since all the molluscan remains yet known from them (my own opinions are en-
tirely ba!led on the latter) seem to point to a later origin. . . 

This paragraph has been misunderstood by P.rofessor Cope,t who has 
brought it into context with the statement respecting the age of the Bitter 
Creek coal strata, and asserted that the nearest approximation to the 
point of identification of the Bitter Creek strata with the Cretaceous 
were thus made by myself, and conveyed the impression that no positive 
reference had been made of any of the Bear River beds to this period. 
This, however, as has been shown elsewhere, had been done in the most 
unequivocal manner with regard to the deposits of marine coal at Bear 
R~ver City, Wyoming, as well as at Coalville, Utah. 

I had intended to make more extended remarks on the several Ter
tiary deposits referred to, and to have given lists of fossils from them, 
but sudden illness, and the necessity for sending copy without further 
delay to the Public Printer, have compelled the relinquishment for 
the present of such design. 

*Until some decidedly Cretaceous fossils have been somewhere found in or above 
these beds, they may be left in the lower Eocene. Our discovery of a group of fresh
water shells as moC!ern in appearance as these (though all different species) at Coal
ville, far clown in the Cretaceous, shows how cautious we should be in deciding such 
questions. 

t Proceedings American Philosophical Society. Extras dated in MSS February 7, 1873. 



LISTS OF FOSSILS COLLECTED. 

SILURIAN SPECIES. 

EAST SIDE OF GALLATIN RIVER, ABOVE GALLA'l'IN CITY, MONTANA •. 

First or upper div isiort. 

Names. Remarks. 
1. Lingulepis.* .. ................ . 
2. Oonocoryphe ....•.......•..... . l\ierely fragments. 
3. Bathyurus (~) .................. l\Ierely fragments. 
4. Asaphus (~) .•................. Merely fragments. 

Second div ,ision. 

5. Acrotreta. 
6. Lingula ............ _ ..... •... A very small shining species. 

Third d'ivision. 

7. Acrotreta subconica, Kutorga.t 
8. Iphirlea sculptilis, J\ieek ........ See description in this report. 
9. Hyolithes gregaria, (Theca gTe-

garia, J\i. and H.) ............ Mere cast, but agrees in size and 
form with this species. 

10. Agnostus bid ens, J.v.Ieek :j: •••••••• 
11. Oonocoryphe ( Oonocephalites) 

Gallatinensis, J\Ieek .......... See description in this report. 

11- Two specimens only of this fossil are contained in the collection. These have ex
actly the outline, aud agree well in most other respects with a form Professor Hall has 
referred, doubtfully, to the shorter valve of L. pinnrejo1"'rnis, Owen, from the horizon of 
the Potsdam, It also shows the same radiating strire seen on exfo1iated specimens of 
that species, aud bas Hs beak truncated, as in l?ig. 15, pl. 6, Regents' Sixteenth Report 
on St;ate Cab, N.H., New York; though casts of the internal markings, as seen through 
the translucent shell, seem not to present a fl.abelliform appearance, as in Professor 
Hall's figUie cited, but have the same elongated trilobate outline seen in the other 
valve of L. pinnreformis. 

t This little shell seems to be very similar to Kutorga's species, but it bas the ventral 
valve more elevated than .11. gernrna, Billings, and the false area marked by a distinct 
mesial furrow, said not to be defined in latter. The larger specimens measure 0.15 
inch from the fi·ont to the apex of the ventral valve and 0.11 inch in breadth. The 
beak of this Yalve is pointed, and generaHy bent slightly forward. The surface is a 
deep brownish color, shining as in Lingula, and marked by minute lines of growth. It 
is quite probable that a direct comparison of specimens would show our species to be 
distinct from the Russian shell. If so, I would propose to call the species .A. attenuata. 

+Resembles .A. pisijormis, Linn., (sp.,) but bas a proportionally shorter pygidium, 
more truncated between the posterior points; while its mesial lobe is shorter, higher, 
and surmounted by a prominent node anteriorly, and more flattened and pointed be
hind, without any traces of a mesial transverse furrow. Its head is still more nearly 
like that of A. pisij01·mis, bnt wants the mesial furrow extending forward from the 
gla.be)la to the anterior margin. Its glabella is most prominent behind, where it shows 
a tendency to swell into a little node. Surface finely granular. 
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12. Conocoryphe ........... _ ...... Undetermined fragments. 
13. Bathyurus (?) Haydenii, Meek ... Described in this report. 
14. Bathy·urus serrat~ts, l\Ieek.: .... Described in this report. 

Fourth or lou·est division. 

15. Cruziana* ... ................ . 
16. Lingula, or Lingulepis ........ Imperfect specimens. 
17. Oonocoryphe •.. L •••••••••••••• Fragments. 

[' 

18. Bathyurus, or Asaph~ts . ........ Fragments. 

FLAT-HEAD PASS, l\iONTANA. 

Names. Remarks. 

1. ;Bathyurellus ( Dikelocephalus 0?) 
truncatus, Meek ............. Described in this report. 

2. Bathyurellus, ( Asaphiscus ~) .... Described in this report. 

NEAR l\fAL.ADE OI'l'Y7 NORTHERN UTAH. 

Names. Remarks. 

1. Oamerellct Oalc~ifera, Billings. t 
2. Orthis hippo lite, Billings. (~):j: · 
3. Orthis . . , ...•...........•..... Yery finely striated and like 0. 

elect'ra,, Billings. 
4. Orthis . .......... " ............ A. larger and more compressed spe-

cies. 
5. Euomphalus(~) trochiscus, l\1eek§. 
6. Euomphalus ('?) rotuliformis, 

Meek. 
7. Euomphalus,or Ophileta. 
8. Agnostus Josepha, Hall (~)-II 
9. Conocoryp7w .... , ............. Fragments of perhaps several spe-

cies. 
10. Bathyurellus (Asaphiscus) Brad-

leyi, lVIeek .................. Described in t,his report. 
11. Bathytwus Sa_ffordi, Billings ... Only the pygidium, but agrees ex-

. actly with Canadian specimens 
sent by Mr. Billings. 

*The name Cruziana, d'Orbigny, 1842, (Voy. dans l'Amer. Merid., t. 3, part 2d, p. 30,) 
having priority o\·er Rusopaycus, (Ryssophycus,) Hall, 1652, will have to be retained for 
these curious fossils. 

t The specimens are all separate valves, more or less broken, or partly hidden in the 
matrix; but so far as can be seen they certainly agree well in size and all external 
characters with Mr. Billings' species, with possibly the · exception of having a some
what wider and deeper mesial sinus and more prominent mesial fold. 

t Agrees pretty nearly with the Canadian shell, though its mesial sinus is somewhat 
wider and deeper. It may be distinct, but the specimens are too imperfect for satisfac
tory comparison. 

§These have been described in the Proceedings of the Academy Natural Sciences, 
Philadelphia, Ap., 1870, p. 61, and will be figured in Mr. King's report. 

II The specimens of this little trilobite seem to agree closely with Professor Hall's 
species, excepting in some of the minute and apparently variable details of the mesial 
lobe of the head and pygidium. So far as I have been able to see, however, it would 
also seem not to have the posterior lateral angles of the cheeks armed with little pro
jecting points, as in the Wisconsin species. If these little spines do not exist in our 
specimens, (no:ae of which are in a condition to remove all doubts on this point,) they 
woul<il almost certainly bel0ng to a distinct species, in which case I would propose for 
the name Jlgnostus Maladensis. 
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12. Bathyurus, or Dikelocephalus .. . Fragments. 
·13. Batltyurellus (Diketocepltalus ("?) 
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trwncat~ts, Meek ............. Described in this rPport. Occurs also 
at Flat-Head Pass. 

14. Asaphus ("A:fegalaspis (~) gonia-
cercus, l\1eek ................ Described in this report. Occurs at 

Flat-Head Pass. 

WEST FACE OF lliG HORN MOUN'l'AIN, HEAD BUFFALO FORK. 

Names. Remarks. 
1. Oonocor,yphe, and, perhaps, Dilce-

locephalus* . . . . . . . .......... 1\-Iere.fragments. 

CARBONIFEROUS SPECIES. 

OUTLET OF MYSTIC LAKE, ::i\'I:ONTANA. 

Names. Remarks. 
1. Zaphrentis ...... .............. A small species. 
2. Zaphrentis . ..............•.... Fragment of a large species appar

ently of this ge11us. 
3. Ptilodictya ( Stictopora ~) dicty-

ota, Meekt 
4. Ptylodictya .............•..... A merely branching species. 
5. Fenestella ................... . One or two species. 
6. Hernipronites crenistria,Phillips.Rather more finely striated than 

usual. 
'7. Chonetes ...... ................ An abundant medium sized species 

with very fine, dichotomous, radi
ated strirn, crosseu by Yery minute 
concentric strirn; spines of cardi
nal margin, five on each side · of 
beak. 

8. Prod~wt~lS longispinus, Sowerby .A small form, apparently agreeing 
with Sowerby's species. 

9. Productus scabriculus, 11artin (~).Specimens fragmemtary. 
10. Rhynchonella. 
11. Spirifer, (llfartinia) ............ Of medium size. 
12. Spirifer ( ilfartin'ia) lineata, Mar- · 

till. 
13. Spirifer .. ..................... Similar to some varit.ies of S. incre-

bescens, Hall, which 1\Ir. DaYidson 
thought not uistiuct from s. bisul
cata. 

"The only part .in the collection certainly known to belong to this species is the 
pygi<linm. This bas much the general appearance of tlw corresponding part of a trilo
bite, figured by l\1r. Blllings, under the name of ..1saplws quadraticaudatus, (Paleont., 
Canada, p. 27 L, Fig. 258,) but its lateral margins are straighter and its mesial lobe 
proportionally longer, with ouly three to five segments that pass straight across, in
stead of eight or nine arching forward. Its lateral lobes show three or four short seg
men~, instead of only one, while they and the lateral margins show no traces of the 
strim seen on Mr. Billings's species. Its lateral and posterior flattened margins are 
more suddenly defined from the swell of the lateral lobes. 

tAn anastomosing species, with divisions about 0.10 to 0.12 inch in breadth, by 0.04 
to 0.05 inch in thickness, and connecting so as to form :1 reticulated structure, with 
fcnestrules of a more or less oval form, about 0.24 inch in length oy 0.16 inch in breadth. 
Pores small, with slightly raised mal gins, having the usual quincnncial arrangement, 
alHl forming six to eight longitudinal rows; uon-poriferous margins rather sharp, and 
of moderate breadth. 

30 G S 



4G6 GEOLOGICAL SURVEY OF THE TERRITORIES. 

1:1. Spirifer .......•.•........... With hinge-line much extended. a.nd 
smaller and more numerous costm 
then the last, being much like S. 
biplicatus, Hall, from the horizon 
of the Waverley Group, Ohio. 

15. Spirifer Mysticensis, Meek.* 
1G. Retzia. 

CANON, EAST SIDE OF MADISON RIVER, MONTANA. 

Names. Remarks. 

1. Platycrinites .............•... Detached base. 
2. Poteriocrinites. 
3. Hemipronites crenistria, Phillips. Some finely striated varities found 

at :Mystic Lake. 
4. Strophomena ctnaloga, Phillips. 
5. Productus semireticulatus, Martin. 
G. Productus longispinus, Sower by(~) Same as No. 8 of list from Mystic 

Lake. 
7. Productus scabriculu .. s, Martin(~). Same as No. 9 of list from Mystic 

Lake. 
8. Chonetes . ..................... Same as No. 7 of list from Mystic 

Lake. 
9. Rhynchonella .................. Same as No. 10 of list from Mystic 

Lake. 
10. Retzia, (fragments) 
11. Spir'ifer ...................... Same as No. 13 of list from Mystic 

Lake. 
1~. Spirifer Mysticensis, Meek. 
13. Spirifer (Martinict). 
14. Terebratula, (fragments) 
1•3. Platyceras .... · ...... -.. ~ ....... An arcuate conical species. 
1u. Euomphal'Lts, (fragments of large 

species.) 
17. Pleurotomaria. (~) 

BRIDGER PEAK, NEAR FORT ELLIS, MONTANA. 

Names. Remarks. 

1. Lithostrotion ................... A compound species with small cor-
. allites. 

2. Hemipronites crenistria, Philllj)s (~)Same variety as No.6, Mystic Lake 
list. 

3. Hernipronites ................... A much more :finely striated species. 
4. Pro ductus longispinus; Sower by (~).Sa me as No. 8, Mystic Lake, and G, 

Calion, east side Madison River. 

CAMP NO. 19, AUGUST 2, 1872, IDAHO TERRITORY. 

Names. Remarks. 

1. Lophophyll1wz. 
2. Zaphrent'is. 

" A medium sizecl, very trani'Jverse species, with mucronate lateral extremities, and 
12 to 15 simple, radiating costre on each lateral slope of each vale; mesial sinus mode1 
extended to the beak, with one rib in its bottom, and rarely faint traces of another on 
OJle or both sides of this toward the front; cardinal area, of moderate .lteigbt, well 
defined, and more or less arched with tlw beak. Resembles S. bimesialis, Hall, (Iowa 
Report,) in size and form, but wants the lamellose imbricating concentric strire seen 
on that species. 
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3. Jfichelinia .................... Small irregular corallites. 
4-. Syringopora. 
5. Chonetes .... .................. Same as No. 7, Mystic Lake. 
6. P1·oductus .................... Like P. sca.br·iculus, same as No. D, 

Mystic Lake. 
7. Bemipronites crenistria, Phillips. 
8. Spirifer, (Martinia) ........... . Same as No. 10, Mystic Lake, and 

No. 13, East :Madison River. 
9. Spirijer. 

10, Euomphalus, (fragments.) 

BLACK-TAIL DEER CREEK, J\IONTANA. 

Names. Remarks. 
1. Ilemipronites crenistria, Phillips(?) Same as at Mystic Lake; Canon, 

East Madison River, &c. 
2. Chonetes ......... ............. Same as No. 7, :Mystic I...~ake; No. 8 

. Canon, East l\ladison River, &c. 
3. Rhynchonellct ..• ................ Rather small plica ted, suhtrigonal; 

very abundant species. 
4. Spirijer lineatus, l\iartitL(f) 
5. Spir'(fer ....................... Same as No. 12, l\Iystic Lake. 
6. Spirifer . " ..................... Same as No. 14, Mystic Lake. 

NORTH GROS·VENTRES BUTTE, WYOlHNG. 

Names. Remarks. 
1. Zaphrentis. 
2. Hemipronitescrenistria, Phillips (?)Same as at l\fystic Lake, east side 

~ladison River, Bridger Peak, &c. 
3. Spirijet ....................... Same as No. 12 at l\Iystic Lake, &c. 
4. Spirifer, (JJfartinia) ............. Same as No. 10 at l\.Iystic La.ke1 &c. 

FLAT-HEAD PASS, MONTANA. 

Names. Remarks. 
1. Zaphrentis .. .................. A small arcuated turbinate form. 
2. Syrin_qopora . ..._ 
3. Bemipronites crenistria, Phil-

lips(~) ..................... Same as at Mystic Lake, Gros-Ven-
tr s Butte, &c. 

4. Rhynclwnella . ................. Fragment rather large, strongly pli-
catecl species. . 

5. Spi·rijer .. : . ................... Same as No. 12, i\fystic Lake, &c. 

NORTH SIDE HENRY'S L.ARE, IDAHO. 

Names. Remarks. 
1. Hemipronitescrenistria, Phillips (?)Same variety as at :Mystic Lake, &c. 
2. Pt·odffctus scabriculus, :Martin (~)sp. Do. ,1 do. 
3. Spirifer .....•................ Same as No. 12, :Mystic Lake,-&c. 
!. 1'erebratula. 

CANON WEST OF GALLATIN RIVER, MONTANA. 

Names. Remarks. 
1. Ohmtetes ..• •.................. Very slender ramose species. 
2. Zaphrentis. 
3. Syringopora. 



4G8 GEOLOGICAL SURVEY OP THE TERRITORIES. 

4. Platycrinites ............ ...•... J\Ierelytheellipticdiskofthecolumn 
5. Fenestella. 
6. Hemipronites crenistria, Phil-

lips(~) ........... ~ ......... Same as at Mystic J..Jake, &c. 
7. Strophomena analoga, Phillips .. Same as from canon, East Gallatin 

River. 
8. Chonetes ...................... Same as at Mystic Lake, &c. 
9. Prodzwtus semiretimtlatus, Mar-

tin ......................... Same as at east side Madison RiYer. 
10. P.roductus .................... Small hemispherical species. 
11. Productus l ongispinus, Sower-

by(~) ...................•... Same as from Mystic Lake Canon, 
East Madison River, &c. 

12. Rhynchonella . .......••........ Same as from Mystic Lake. 
13. Retzia. 
1'1. Spirifer Jfysticensis, Meek . ~ .... Same as from Mystic Lake, &c. 
15. Athyris or lliartin-ia. 
16. Spirije·r ...................... Same as No. 12, Mystic Lake. 
17. Euompluxl~ts. 

LYOl'll HILL, OPHER, EAST CANON, UTAH. 

Names. Remarks. 
1. Fenestella .................•... Very like F. plebeja, McCoy, and like 

one at Old Baldy. 
2. Ohmtetes. . . . . . . . . . . . . • . . . . . . .. Slender ramose. 
3. Or·inoids .. ... .. ................. Joints of columns. 
4. Productus semireticulatus, Mar

tin(') 
5. Rhynclwnella. 
6. Phillipsia? .................... Fragments of pygidium. 

SWAN VALLEY, IDAHO. 

Names. Remarks. 
1. Syringopora (~) ....... . ........ Very imperfect, but looks like Syrin-

gopora. 
2. Aviculopecten (~) ............... Very small smooth species, like this 

genus, but may be an Erdoliurn. 
3. Bivalve . ....................... Small, undetermined. 
4. Rhynclwnella. 
6. Spirifer. 

''OLD B.ALDY," NEAR VIRGINIA CITY, l\fONTANA. 

Names. 
1 . .Marine plant, like Fucoides cau

clagalli. 
2. Zaphrentis excentrica, J\Ieek.* 

Remarks. 

"A large~ slightly curved, short turbinate speci es, with fossnla on the dorsal side; 
s('pta n.bont seven-ty of principal series, which extend inward so as to leave a moder
ately broad, smooth space at the bottom of the calyx uear the dorsal side, while as 
many more sborter and more slender ones alternate with the larger; talJulro trnns
V!·r~e, very closely arranged, and occupying a. wide exccntric space; surrounding 
vesiCular zone sometimes very wide on ventral side; epitheca unknown. (For full 
<luscription a.nd figures see Mr. King's Report Survey Fortieth Parallel.) 
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3. Zaphrentis . ................... A small, slightly curved species, 
with fossula ventral. 

4. ]J ichel-inia .................... Like M. tenuisepta, Phillips' ( spe-
cies.) 

5. Ohcetf!tes . ..................... Slender ramose species 
6. Platycrinites (?) .............•. Arms and fragments of columns. 
7. Platycrinites Haydeni, Meek.* 
8. Pentramites symmetricus, II all .. As far as can be determined from 

the specimens, it seems to agree 
well with P. symrnetricus. 

9. Penb·ernites Godonii, Defrance(~) 
10. Poteriocrinites JJfontanaensis, 

Meek. t 
11. Erisocrimts (~) ................ Body only, apparently of a species 

of this genus. 
12. Ptilodictya. 
13. Fenestella ......... : . ......... Very delicate ; like F. plebeja, 

McCoy. 
14. Ptilopora. 
15. Stropho<tnena analoga, Phillips. 
16. Orthis resupinata, Martin. 
17. Chonetes ...................... A medium-sized, very finely striated 

species. 
18. Prorluctus semireticulatus, 1\far-

tin, (species) ............... A small, sulcated, strongly areuate, 

19. Product1ts Altonensis, N. & P. 
:.,)(}, Prod1wtus scabriculus, l\1artin (') 
21. Productus Prattenamts, Nor-

wood. 

and produced variety, apparently 
of this species. 

22. Productus cora, d'Orbigny (1) ... This agrees with European shells, 
referreu to d'Orbigny's species; 
but is more finely striated, and 
much more produced, than d'Or
bigny's type. 

23. Productus .................... A narrower, strongly arched, much 

24. Hemipronites crenistria, Phillips, 
(species.) 

produced species, marked by 
small, very obscure concentric 
wrinkles, and very small, sliglltly 
elongated, raised points, that may 
have supported minute spines. 

25. Oarnaropho'ria . ..............•. Very similar to C. globulina, Phillips. 
26. Athyris subtilita, llall. 

*A small species, with a cup-shaped body, rounded below to a circular attachment 
for the column; body-plates smooth, or obscurely granular, and joined by slightly 
grooved sutures; arms twenty, slender, each dividing once on the second piece above 
their origin on the very small second radials, composed each of a single series of small 
pieces, (as in P. nodobracl!iatus, Hall, Iowa Report, p. 542:) bearing pinnules alternately 
on their inner lateral ends. 

t A small species with an elongate obconical body, composed of smooth plates, and 
suppt1rted on a round column; arms long, slender, apparentl.v f:limple above their origin 
on tile la.st rad wls, :mel composed of small pieces, every third one of which bears, alter
nately on opposite t>illes, a long piunule. 
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26. Spirifer lineatus, 1\fartin, (spe
cies.) 

27. Spirijer . _ ........ - ............ Like some forms of S. inc'rebescens, 
Hall. 

28. SpiTijm· triradialis, Phillips (~)* 
29. Spirijerina octoplicata, Sow-

erby ....................... l\fay be the same asS. Kentuckensis, 
Shum. 

30. Retzia vera, Hall (~) 
31. J..'erebratula a1·cuata, Swallow(~). Almost certainly the same as T. 

bovidens, l\forton. 
32. Terebratula .. - ...... ~ ......... A small species possibly identical 

with T. t~trgida, Hall. 
33. Astartella Newberryi, l\Ieek (1) .. I can see no difference in the single 

specimen examined, from tke Ohio 
species. 

34. Cypricardina ~ ................ Has the ~xternal appearance of the 
genus. 

35. Platyceras. 
36. PleurotO?naria sphccrulata, Con-

rad ........................ The specimen agrees well with de-
pressed varieties of Mr. Conrad's 
species from the western coal
measures. 

37. Euomphalus ..... _ ............ Fragments of cast of a large species. 
38. Phillipsia .................... Fragments. 

DIVIDE BETWEEN RO~S FORK AND LINCOLN VALLEY, 1\:IONT.A.N.A. 

Names. Remarks. 

1. Zapkrentis Stansburyi, Hall (~) 
2. Oyathophyllurn subccespitosum, 

1\leek.t 
3. Loplwphyllurn or Oyathaxonia .. . Perhaps more than one small spe- ~ 

eies. 
4. S.iJringvpora. 
5. Platyc.rinus ........ _ .......... Body only, of a very small globose 

species. 
6. Pentremites Braclleyi, 1\'Ieek.t 
7. Pentremites Godoni, Defrance (?) 
8. Pentremites conoideus, Hall. 

*A yery abundant, gregarious little shell, closely resembling S. t1·iradialis, var. sexm
dialis, as illustrated by Mr. Davidson, excepting that the largest of hundreds of speci
mens are less than one-fourth the size of well-developed individuals of that form. It 
a !so differs in being constantly wider t.han long, instead of the reverse, and in having 
the beak of its ventral valve always proportionally shorter; while it shows a faint 
sulcus along the mesial fold toward the front, and a corresponding very slight ridge in 
the bottom of the sinus of the other valve. I think it probably a new species. If so, 
it may be called S. agelaius. 

t I have figured and described this species in Mr. King's unpublished report. Its 
corallites are long, cylindrical, more or less flexuous, and loosely branching instead of 
growing in compact, fasciculated, or asterform masses, as in C. cmspitosum., Goldfuss. It 
)las a more developed, more trausversely wrinkled, and less striated epitheca (when 
uot worn) than Goldfuss's species. 

t A small species liko P. Koninckiams, Hall, but shorter below, and having its psend
ambulacra more deeply excavated along the middle, with their pore pieces more 
trauswerse. < 
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9. Pentremites subconoide~t.s, l\fet'k.* 
10. Melonites ..................... A single, very thick, hexagonal, 

interambulacral plate, with outer 
surface a little convex, aud gran
lar. 

12. Hemipronites . ................ -Very small or only about one-half 
inch in diameter, with a higtl 
triangular area. 

13. Productus .................... About half an inch in diameter, YE.'ry 
gibbous; beak narrow, stTongly 
iucurved ; surface smooth, or 
apparently so. 

14. P.roduct'u.s .................... Like P. biserialis, Hall. 
15. Product~ts sentiretieulatus, Mar-

tin, (species) ............... Large and well developed. 
16. Prorhwt'l.J;S longispimts, Sowerby. Of mmal size. 
17. Rhynclwnella macra, Hall(?) 
1S. Rhynchonella, ·m~ttata, Hall(~) 
19. Athyris ..................... . Small, and like Ath. hirs'ltta, Hall. 
20. Retzin Vernieuiliana, Hall 
21. &pirifer ...................... Very small, like a miniature S. opi-

1nus, H. 
22. Spirijerina ................... Like S. spinosa ( Spirifera spinosa, 

23. Terebrat1.tla turgida, Hall. 
24. Nucula Sh1.tmardii, Hall. 
25 . . Macrodon (?) 
26. Cypricardina lndianensis, ( Cypri-

cardella lnd·ia:nensis, Ball.) 
27. Cypricardella plicata, Hall (1) 
28. C.1Jpricar-dellasubellipticc(;, Hall(~) 
29. N1wulananasuta (Nuculanasuta., 

Hall~) 
30. Conocardium Meekianurn, Hall (~) 

H.,) but smaller, and apparently 
witlwut spine-bases. 

31. Platyceras ....... . ............ One or more small species. 
32. Euomphalus Spurgenensis, Hall. 
33. Naticopsis .......•. . .... _ ..... Like Naticopsis Carleyi (Natica 

Carleyi, Hall.) 
34. Bellerophon ................... Two ~mall, smooth species. 
35. Holopea . . ................... Fragments of very small species. 
36. Pleurotomaria ................ Very small. 
37. Cythere ......... . ............ Very near C. carbonaria, Hall. 
38. Spirorbis annutata, Ball. 
39. Phillipsia . . . ................ Fragments of small species. 

JURASSIC SPECIES. 

NEAR LOWER CANON OF YELLOWSTONE RIVER. 

Names. Remarks. 
1. An Echinoid ................. Mainly a cast of small species of an 

undetermined genus. 

*A very small, obconic species, much produced below the pseutl-ambu1acral arPas, 
which are very ~:>hort. or almost confined to the summit, as in Codaster, though it is a 
true Pentrmnite. 
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2. Ostrea ....................... Small specimens, of perhaps two or 
three species. 

3. Gryphma ...... ............... A small specie::; of form of the G. 
. dilata.ta .. 

4. Oamptonectes ................ :Specimen imperfect; may be 0. 
bellistriata, M. and H. 

5. Pecten ....................... Part of a valve of a rather large, 
strongly costate species. Not a 
true typical Pecten. 

6. Pinna . ....................... Near P. opalina, Quensted t. 
7. Ge-rt,illia Mont.anmnsis, Meek.* 
8. Gerv-illia . .................... Somewhat larger than the last, but 

not costate. 
9. ]1ytilus .......•.............. Has angular umbonal slopes, and 

only concentric markings. 
10. JJlodiola ~Vulsella) subimbricata, 

Meek.t , 
11. ]lodiola ( V~tlsella) ............ A shorter, wider, and less arcuate 

12. Trigonia Americana, :Meek.t 
1~3. Trigonia. ]Jontanaensis, 1\.feek.§ 

species than the last. 

1±. Orassatella (~) ................ It has the external nppearance of 
this genus, but may belong to 
some other. 

15. Orassatella (~) ................ Internal casts apparently of species 
of tl.iis genus. 

16. Cucullma .. _ . n ••••••••••••••• Casts. 
17. Astarte(~) ...•.......... .. . . A small shell like some oftbeJuras

sic species sometimes referred to 
this genus. 

18. Unicardium .................. Casts apparently of a species of tllis 

19 . .1.lfyacites (PleurontJJa) subcom
pressa, Meek. II 

genus. 

* A medium-sized, very oblique species, with posterior ear flattened aud of moderate 
size, angular at the extremity, and equaling, on the hinge line, about half the leugth 
of tlle valves; body portion of the Yalves mther slender, nearly straigllt, orr~ little 
arched, rangiug at an angle of 28° to 30° below tlle hinge linl:l, iu the left valve con
vex, in tlle right flattened, or less convex: than in the other. Surface of both valves 
marked by fine concentric strim, and a few stronger fnrrows of growtll, crossed on the 
body part of the left valve, by a few sleuder radiating costre, separated by wider 
spaces. 

t TI..Jis is very like Modiola irnbricata, Sowerhy, as illustrated by Morris and Lycett, in 
their Monogr. Moll. Gr. Oolite, Pl. IV, Fig. 2, excepting that its a.nterior ventral por
tion, in front of the umbonal ridges, is more prominent,, and its posterior basal extrem
ity more produced and narrowed. It is much less like Sowerby's original figure of 
that species. 

t A tine species of the type ofT. costata of the OM \Vorld, but differing from that and 
tllG ot,her allied forms, in !laving the radiating costm of the corselet, or posterior dorsal 
region, all of uniform size. 

~ Of the type of T. signata, Agassiz, but differing in its proportionally shorter form, 
with smaller nodiferous costm, while it llas a row of nodes down the anterior lateral 

•region of each valve, nearly as in T. navis, Lamarck. 
11 Resembles some varieties of Pleu1·omyajerruginea and P. irnpressa, Agassiz, but has the 

anterior end shorter and more truncated, tlle concentric ridges of less regularity, and the 
slight concavity extending from the beaks to the anterior basal margins of the valves, 
either entirely w:mting or very feebly marked. I have fully described and illustrated 
thi:s sllell iu the nupublisbed paleoutological part of Mr. King's report. 



GEOLOGICAL SURVEY OF THE TERRITORIES. 473 

20. Pholadomya Kingii, l\feek.* 
21. GoniomyaMontanaensis, 1\feek. t 
22. Ammonites ................... l\fere fragments. 

SPRING CANON, MONTANA. 

Lower bed. 

Names. Remarks. 

]. Plants ....................... Fragments of the same forms seen at 
Devil's Slide, Yellowstone River. 

2. Plicat~tla .•......... .......... An imperfect valve-irr1pression of 
one Yah·e seen in the matrix. 

3. Oamptonectes ................ . Same as No.4, uear Lower Calion, 
YellowstonP. 

4. Pinna ..•.................... Sa me as No. o, near Lower Calion, 
YellO\T~::;tone, beiug very like P. 
opalinct, (Juenstetl t. 

5. JJiytilus .....••............... Same as ~ o. 9, from Lower Calion, 
Y ellow~::;tou8. 

G. Modiola(Vulsella)subimbricata, 
.Meek ..................... Same as No. JO, from Lower Calion, 

Yellowt-itOIJe. 
7. Trigonict Amm·icana, Meek ..... Sallle as No. 11, from Lower Calion, 

Y ellmn1tone. 
8. Myacites (Pleuromy((;) subcO?n-

pressa, Me~k- ............... Same as :Ko. 19, from Lower Calion, 
Yellowstone. 

Upper bed. 

9. Ostrea .•......•.............. A small nmletermiued species. 
10. Oamptonectes. 
11. Rhynchonellct. 

NEAR FORT HALL, IDAHO. 

Lower bed. 

Names. Remarks. 

1. Pseudomonotis (Eumicrotis) 
curta, Hall, (sp.) ............ Very small and in great numbers. 

Upper bed. 
2. Terebratula. 
3. Mytilus. 

*An elongate-oblong species, quite convax in umbonal region, with beaks moderately 
prominent, incurve<l, and placed near the rounded anterior end. TLe poiiterior end is 
rnore narrowly rounded and moderately gaping. The narrow radiating costro are 
wanting on the ends and posterior dorsal region; the anterior ones (which <lescend 
vertically from the beaks) are most widely separated, while those farther back are 
more closely arranged and more oblique. 

t Elongate-oblong, moderately convex, anterior margin regularly rounded, posterior 
tru u cated, dorsal and ventral margins nearly parallel, beaks <lepresse<l, and placed near 
the anterior end. Surface having wrinkles or costro starting from before the beaks 
ancl passing obliquely backward and near half way to the base, where they die out, or 
become very obscure, and curve horizontally bac~war<l to meet others passing <lown 
the posterior dorsal slooee. 
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4. lJiyophm·ia, ... _ ... __ .......... 1\Iere casts, apparently of this genus. 
5. JJ!acrodon . _. _ ................ Mere casts, apparently of this getl\.1~. 
6. Mya<Jites ........ ............. Mere casts, apparently of this geum;. 

DEVIL'S SLIDE, CINNABAR MOUNTAIN, YELLOWSTONE RIVER. 

Names. Remarks. 
1. Gryphma calceola, Quensted t, 

var. 
2. Oucullma ............•....... _Internal cast, apparently of this 

3. Camptonectes. 
4. Trigonia, elegantissima, l\Ieek.* 
5. Corimya Montanaensis, Meek.t 
6. Myacites (Pleuron~ya) subcmn

pressa, Meek. 
7. Plwladomya. 
8. Ammonites. 

genus. 

CRETACEOUS LIST. 

NEAR THE MISSOURI RIVER, BELOW GALLATIN, l\TON1'ANA. 

Names. Remarks. 
1. Ostrea anomioides, Me.ek. 
2. Trigonia ....... ..........•... Nearly allied to T. Evansi, 1\Ic>ek. 

3. Corbicula ( Veloritina) injfexa, 
Meek. 

Same as No. 3, from Cimw bar 
Mountain. 

4. Corbicula ( Veloritina) ......... Like the last, excepting that its 
beaks are more oblique, more 
nearly terminal, and more de
pressed. May be a variety of 
same. 

5. Corbicula ( Velm·itinct) ......... A small and proportionally shorter 
form. 

6. Ca'rdium . .................... A rather small, nearly circular s;pe-
cies, with fine radiating stri::.e. 

7. Inoceranws .... ...... __ .. ..... Fragments. 
8. Pha'rella U) Pealei, 1\:Ieek. 
9. Avicula __ ...... _ ..... . .... __ Small species. 

10. Avicula(~) ...... . ___ ......... Small; of the type of A. raricosta, 
Reuss. 

11. Modiola . . . . .. ___ ........... Small, smooth species. 
1~. JJ1ytilus. . . . . . . . . ............. Casts. 
13. Tell-ina . . . . . ................. Casts. 
14. Corbula. 
15. Anchura .................... . Rough mold in matrix. 

*A small species of 1be t.ype of T. costata, but having the concentric or horizontal 
costre on the sides of the valves very delicate, clo5ely arranged, and but sligllilv 
larger than the rad;::tting ones on the pesterior dorsal region, or corselet. 'l'be val ve"s 
are rather compressed, about one-fourth longer than wide, and have the posterior 
umbonal slopes acutely angular. 

t This is very similar to some varieties of C. glabra, Agassiz, but it is a smaller, pro
portionally shorter, and more convex shell, with the anterior margins just in front of 
the beaks more excavated. 
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COLORADO SPRINGS, COLORADO. 

Cretaceo~ts, No. 4. 

Names. Remarks. 
1. Inoceranws .................. Fragments of casts. 
2. Callista U) . . . . . . . . . . . . . . .... Fragments. 
3. Anisomyon al·veolus, l\Ieek. 

LAS1' FOOT OF BRIDGER PEAK, FOUR MILE~ NORTH OF FOUT ELLIS, 
l\10NT.A.N.A.. 

Names. Remarks. 
1. Ophioderma (~) Br:clgerensis, 

Meek.* 
2. Gryphcea ... .................. Obscure casts of a small species. 
3. A vicula . ..................... Casts. 
4. Pinna ......•................ A rather large, narrow species, with 

longitudinal costm. 
5. Inoceramus ....... ............ Fragments of casts. 
6. Crassatella ............ _ ... _ .. Casts. 
7. Panopcea. (~) .................. Fragments. 
8. Plwladmnya .................. Fragments. 
9. T1trritella .................... Casts. 

10. Gyrodes. 

CINNABAR 1\~0UNTAIX, YELLOWSTONE VALLEY, MONTANA. 

Names. Remarks. 
1. Ostrea ............. .......... Casts of a small species. 
2. lnoceram~ts .................. Fragments of casts. 
3. T'rigonia ........... .......... Of Uretaceous type, nearly allied to 
4. Co'rimya . . . . . . . . . . . . . . . . . . . . . T. Evansi, Meek. 
4. Co-rimy a, or Thracict . . . . . .. .... Casts of a small species. 
5. Baculites ....... _ ............. A Sin all slender species, like B. asper·, 

}lorton. 
G. Boophites ventricosus, ~leek. 

ROOK CREEK. 

Names. 
1. Inoceramus. 
2. Ammonites perca'rinatus, H. 

and ~1. 
3. Ammonites, (undetermined sp.) 
4. &aphites Wat-renawus, ~l. and 

H. 
5. Scaphites larviformis, 1\1. ancl H. 
6. Scales and other fragments of 

fishes. 

Remarks. 

*A small Ophiurian, with disk depressed, nearly circular, and only 0.17 incu in 
breadth, showing on the doTsal side ten ovate-sutrigonal radial plants, that are joiuet'l 
together over the inner ends of the arms, so as to form fivep1tirs; arms small, or only about 
0.75 inch in length, aml at their inner ends 0.06 inch in breadth; middle row of arm-piecea 
on the dorsal slide, slightly witkr than long, and hexagonal in form; marginal pieces 
abm1t as largo as tuc milldle ones, Sl'('ll somewhat edgewise from above, and bearing a 
row of very small, short spines. Vcntrd side unknown. The S!>f'·Cimen is not well 
llres~rved. Perhaps I t:.hould call it Ophiole]Jis Bridgeren8i8. -
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FORT HARKER. 

Names. Remarks. 
1. Inoceram'ltS problematic~tS, 

Schloth. 
2. Baculites . .................... Small, slender species. 

LIST OF FOSSILS FROM THE CRETACEOUS COAL SERIES AT COAL· 
VILLE. 

Names. 
1. Ostrea soleniscus, Meek,* (a) 
2. Ostrea, lVyomingensis,Meek.(~)(a) 
3. Anornict, (undetl:'rmined sp.) 
4. A viculct ( Pseudopte} a) rhyw

phora, Meek. (a.) 
5. A vicu la ( Pseudoptera )prople'ltra, 

:Meek. (a) 
6. Aviculct gastrodes, Meek. (a) 
7. Inoceramus p1·oblematimts, 

Schlotbeim. 
8. Inoceramus, (undetermined sp.) 
D. Inoceramu8, (undetermined sp.) 

10. Pinna, (undetermined sp.) 
11. .i'llodiola ( Brachydontes) 'ln'ttltili-

nige?·a,, Meek.* 
12. Cardium curturn, M. and H. 
1~~- Cardium suucurt~tm, :M.eek.t 
14. Lucina, (undetermined sp.) 
1;}, Alacrodon, (undetermined sp.) 
1G. Unio, (undetermined sp.) 
17. Trapezi1w~ micronema, .Meek. (a) 
18. Cyrena Carltoni, 1\leek. (a) 
1D. Corbula, (two undetermined sp.) 
20. Cyprimera subalata, Meek.t 
21. Cyprimera (¥) isonema, Meek. 
~~. Tellina Cn mode8ta, Meek. (b)!i 
23. Tellina (Arcopagia) Utahensis,* 

Meek. 
24. Martesia, (undetermined sp.) 
25. Gyrodes depressa, Meek. (b) 
2o. Neritina (Neritella) Banniste1·i, 

Meek. (a) 
27. Neritina (NerUella) pisum, 

l\Ieek. (a) 
28. Neritina (Neritella) pisiformis, 

Meek. (a) 

Remarks. 

"Species marked with (a) are fully described in another part of this report. 
t This is very similar to C. curturn, M. and H., but smaller, with posterior um

boual slopes, rounded instead of angular, and the posterior dorsal region behind the 
nmbonal slopes not so flattened and more distinctly costated. 

+I have described this species in Mr. King's unpublished report. It is Vtii'Y like C. 
depressa, Conrad, from the Cretaceous (Ripley Group) of North Carolina and Missis
sippi, excepting that its beaks are less flattened and a little farther forward, and its 
posterior dorsal outline, or slope, less straightened. Its anterior margin is also a little 
less narrowly rounded in outline. I have not seen its binge, but cannot doubt, from 
its external characters, that it belongs to Mr. Conrad's genus Cyprirnera. It may even 
:prove to be only a variety of the North Carolina species. 

II Tbe species followed by (a) are fully described in another part of tbis report. 
Tbose fol0-wed by (b) are describe~ in Mr. King's unpublished report. 
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20. l{eritina (Dostia ('?) bellatula, 
1\feek. (a) 

30. Neritina (IJostia (f) cardei-
formis, 1\Ieek. (a) 

31. E1tlima (?) inconspicua, l\feek. (a) 
32. Eulima chrysal,is, .1\Ieek. (a) 
33. Eulima jimicula, 1\leek. (a) 
34. T1trritella Goalvillensis, l\feek. (a) 
35. Turritelltt spironema, l\'Ieek. (a) 
36. Turritella (Aclis (~) micronenw, 

l\Ieek. ( ct) 
37. Adnwte ('~) rhomboidea, Meek. (a) 
08. Anchurafusiformis, Meek. (b) 
39. Fusus (Nepttttnea) Gabbi,Meek.( a) 

BEAR RIVER CITY, CRETACEOUS. 

Names. Remarks. 
1. Ostrea soleniscus, l\-ieek ......... Two thin layers almost composed 

of it. 
2. Inoce-ram/us problem a tic us, 

Sehloth en ............. ...... Occurs in great numbers. 
3. Inocermwus. 
4. Trapezium mim·onema, Meek. 
5. Corbicula securis, 1\Ieek. 
6. Co-rbic'ltla requilatm·alis, ~feek. 
7. Car:dium. 

FOSSILS OF TilE BITTER CREEK COAL SERIES, WYOMING. 

Names. Remarks. 
1. Ostrea Wyomingensis, l\feek* ... Point of Rocks. 
2. Ostrea, arcuatilis, .Meekt ........ About two miles north of Hall ville, 

·anu at a considerably higher 
horizon; also at Blaek Butte, still 
higher, and three or four miies 
farther eastwaru. 

3. Ostrea . . . . . . . . . . . . . . . . . • . . . . Two miles below Point of Roeks, 
associateu with Anomia(?) g1·ypho
'rhynch'liS. Smaller and smoother 
than the last. 

4. Anomia grypho'rhynchus, !\leek*. Same as last. 

* See descriptions in anotber part of tbis report. 
t This is constantly smaller, narrower, and usually thinner and deeper than 0. 

Tlyomingcnsis, and never has its lateral margins, to,Yar<l tho beaks, dibted and bori
zontally flatteneu, as iu that species. It also differs in being sometimes curved up, or 
arcnate, along its entire length, n,lmost like a Gryphrea, thougb it is often straight 
without any curvature of the beaks. Its surface ouly shows rather obscure marks of 
growth. It is n, form I have long been familiar witb from this region, and have some
times referred to as resembling 0. glabm, M. & H., of tbe Upper l\1issonri. A compari
son of the better specimens found last fmmmer, with u. glabra, sbows it to be quite 
different, in being much more attenuate at the beaks, and in ha,ying a larger and 
longer ligament area. I am awn.re that the establishment of species in tlw genus 
Ostrea is unsatisfactory, but it seems desirable to have a name by which this form can 
be designated. 
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5 . .Jfodiola ............ .......... Rock Spring and Black Butte, stri-
ated species. 

6. Corbic~tla Bannisteri, Meek* .... Black Butte Station. 
7. CoTbicula ( Veloritina) cytherifor-

mis, M. & H. (1) ............ Point of Rocks and Black Butte. 
8. Corbicula, (Leptesthes) fracta, 

l\1e~k...... . . .............. HallYille, just over coal-bed. 
!). Corbicula (Lept.) jracta, var. 

crassi~tscula* ............... Black Butte, saurian bed. 
10. Corbimtla (Leptesthes) crassatelli-

fonnis, lVIeek ............ ... Hall ville, with 0. fracta,, in sbale 
over a bed of coal. 

11. Corbula crassatelliformis, Meekt. Black Butte Station, in saurian bed. 
12. Corbula tropirlophora, Meek')!: . _.Two miles below Point of Rocks. 
13. Corbula undifera, Meek* ....... Rock Spring. 
14. Goniobasis insmtlpta, Meek* ... Hock Spring and Point of Rocks. 
15. Jlclania ( Goniobasis ~) Wyomin-

gensis.,. ..... , ............... Black Butte saurian bed. 
1G. Viriparct trochiforrnis, l\1. & 

H. (1) ••••••.•..•.. ...••..... Black Butte saurian bed. 

TERTIARY SPECIES. 

BEAR R.IVER, ESTUARY BEDS. 

X ames. 
1. ·enio p-riscus, M. & H. 
2. ·cnio belliplicatus, Meek. 
3. Corbic~tla ( Velo-ritina) Durkeei, 

.l\leek. 
4. Oorbula pyrifo-rmis, l\feek. 
5. Om·b·ttla Engelmanni, Meek. 
G. Goniobasis chrysalis, Meek. 
7. Viz:ipar'llS Conrad·i, M. & H. 
8. JJJelantho ( Campeloma) rnacros

pira, Meek. 
!l. Rllytophorus priscus, Meek. 

-+ See descriptions in another -part of this report. 

Remarks. 

t This shell seems to have exactly the form, and surface characters of Corbicula (?) 
cras.satellejorrnis, found flattened between the larnin~ of the shale over one of the coal
beds at Hall ville, much lower in the series. It- is decidedly thicker, however, and cer
tainly has the hinge characters of Corbula. It is true, I have not seen clearly the hinge 
of the HallvilltJ specimens, but so far as it can be made out it seems to give indications 
of a diifereut structure. Still, I suspect that good specimens f:wm each locality would 
show that they are not only both Corbulas, but that they are specifically identical, 
though it will be better to keep them separate for the p1~esent. 



DESCRIPTIONS OF NEW SPECIES ·OF FOSSILS. 

SIL URIA:N FORl\IS. 

Iphidea (~1) scttlptilis, Meek. 

This fossil presents very much the general appearance of the ventral 
valve of an Acrotreta., being rounded on one side and truncated on the 
other, with the apex moderately prominent, and marginal on the trun
cated or posterior side, (viewing it as an Acrotreta,) and with the trun
cated side inclined backward. It measures 0.11 inch in breadth, and 
about the same in length, with a direct height to the apex of 0.05 inch. 
Its surface bas a black shining appearance, inuicating a phosphatic 
composition like Lin,qula, and is marked by slender, interrupted, rather 
distant, radiating raised lines, crossed by finer, much more crowded, 
aml very regular, sharply-defined, concentric strim. So far as can be 
se~n, there seems to be no perforation in the apex. 

On first looking at these little shells, which occur associated with a well
defined Acrotreta, I bad not the slightest doubt that they belonged to a 
depressed species of that genus. By cutting away the hard rock, bow
e\er, from the flattened side, corresponding to the area of Acrotreta, I 
found that there seems to be there a wide, open, triangular foramen, 
so li:u·ge that only a very narrow, slightly flattened margin, represent
ing a false area, is seen inflected on each side. This I have seen in the 
only two specimens in the. collection showing this side; and ·if there is 
nothing deceptive about it, the shell would certainly belong neither to 
Acrottteta. nor to Iphidea. It can only be referred to Mr. Billings's genus 
Iphidea, even provisionally, on the supposition that, in cutting away the 
hard rock from the truncated side representing the false area in that 
g(·tll:iS, I may have also cut away the prominent pseudo-delticlium, char
acteristic of that group. In that case, however, the pseudo-deltidium 
would be proportionally much wider than in Mr. Billings's type, as the 
op€ning is decidedly wider, as ~e see it in our shells, than the false del
tidium in his species. This difference, however, might be only specific. 

It is quite probable that, when specimens sho~ing clearly all the 
characters of this shell can be examined, it will be found to belong to 
an undefined genus, either of the Brachiopoda, or of some other group. 
In tb,is case I would propose for this genus the name Micrornitra. 

I conl'ess, however, that in closely examining these little fossils, I have 
not been entirely without the suspicion that they may be the terminal 
pieces of some extinct group of the Chitonidce. The inflected character, 
howe'•er, of the margins, like a very contracted false area, on each side 
of the opening of the flat side of the she1l, is against this conclusion; 
bnt cYen if they are the terminal pieces of some cbitonoid type, the 
chances are still -strongly in favor of its being a new genus, for which 
the name suggested would be equally as appropriate as for a Brachiopod. 

Locality and p.osition.-East side of Gallatin River, Montana; pri
monlial zone. 
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ASAPIIUS (JUEGALASPIS ~) GONIOCERCUS, 1\ieek. 

Pygidiurn rather small for a species of this genus, mo<lerately <~e
pressed, trigo11al in outline, with IJreadth an<l length about as 7 to 9; 
posterior lateral margins slightly convex in outline, and converging 
rapidly to the potSterior extremity, which terminates in an abruptly 
attenuated, sliglltly recun~ed, pointed projection, the under side of which 
is flat, and the upper convex; mesial lobe much depressed, or very 
sliglltly lligher than the lateral, aud quite obscurely defined by the 
nearly obsolete <lorsal fu1Tows, about three-fourths as wide anteriorly 
as the lateral, and tapering backward and becoming obsolete before 
reaching the posterior extremity, in internal casts showing sometimPs 
faint traces of nine or ten very obscure segments; lateral lobes gently 
convex, and sloping off gradually to an obscure undefined furrow, or 
shallow impl'ession, near the posterior lateral margins, which are thus 
made to appear as if prodded with a slightly-depressed border, usually 
appearing quite smooth, or with faint traces anteriorly of one or two 
seg·ments, but in some specimens, when examined carefully in an 
oblique light, traces of si'x or eight segments may be seen. Surface 
smooth. 

Length of pygidium, 0.74 incll; breadth, 0.94 inch; convexity at the 
front, 0.16 inch. 

The only part in the collection known to belong to this species is the 
pygidium. This is very remarkable for its trigonal form and pointe<l 
posterior extremity, much as we see in Dalmanites. It wants the 
usually well-defined dorsal furrows and segments, however, of that 
genus; which smoothness gives it the aspect of Asaph~ts. The specimens 
from which the description was drawn up are probably young indi
viduals, as there are fragments in the collection of an Asaph'lts of larger 
size that may belong to this species. If an Asaphus at all, the form of 
its pygidium would indicate relations to the group ]fegalaspis, on~ 
species of which (M. heros, Dalmann, sp.) llas a similarly-formed 
pygidium, but with more numerous and very much more strongly-defined 
segments. I am not aware, however, that any species of that group has 
llitberto been found in this country. 

Locality and position.-Near J\falade City, Utah, from Lower Silurian 
beds of the age of the Quebec Group. Professor Bradley. 

BATITYURUS SERRA'l'US, Meek. 

Cephalic shield rather distinctly convex, semicircular, being 11early 
twice as wide as long, regularly rounded in front, straight across behind, 
and having the posterior lateral angles terminating in small, short, hack
ward-pointing spines; lateral margins provided with a Hanow, :::;lighllj
thickened border, (sometimes becoming nearly obsolete just in front of 
the glabella,) detiued by a shallow narrow furrow. Glabella quite con
vex, with its highest part near the middle, strongly defined by the dorsal 
furrows, cylindrical in form, extending very nearly to the anterior mar
gin, and apparently without lateral furrows; neck-segment well defined 
by a distinct furrow passing entirely across, distinctly arched upward 
and a little back ward in the middle, where it bears a small tubercle, or 
possibly sometimes a short little spine, directed upward and backward; 
continuation of neck-furrow along the posterior margin of cbeeks rather 
wide and deep; fixed cheeks comparatively wide an<l convex, but lower 
tb~n the glabella, rounding off rather abruptly laterally. Eyes of mod
erate size, but little arched, ranging nearly parallel with each other; 
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placed remote from the glabella, and about their own length from the 
posterior margins of the checks; palpebral lobes very small, and lower 
than the fixed cheeks; movable cheeks sloping abruptly laterally; 
facial sutures not clearly seen anteriorly, but apparently cutting the 
margin nearly on a line with each eye; while behiud they are directed 
at first obliquely outward and backward, after which they curve back
ward so as to cut the posterior margin of the head, just within the inner 
edge of the little posterior lateral spines. 

Thorax consisting of seven segments; mesial lobe narrow, rather 
prominent, and gradually tapering; laterallobeH depressed or flattened; 
pleurre with broad, rounded furrows.* 

Pygidium nearly semicircular, or about three-fifths as long as wide, 
regularly rounded behind, and rather straight across in front, except
ing laterally, where the anterior margin rounds backward somewhat; 
quite convex, but not so much so as the cephalic shield. Mesiallobe prom
inent, cylindrical, equ~ling five-sixths of the entire length of the pygi:
dium, with an abrupt posteriort ermination, rather decidedly more prom
inent than the lateral Jobes, and showing about four ob-scurely-marked 
segments. Lateral lobes sloping off laterally and behind, where they 
are provided with a flattened, somewhat tllickened margin, that is armed 
by six very shod, small serrations on each side, directed obliquely 
backward; each showing four very obscurely-defined, broad, depressed 
segments that do not extend out upon the flattened and serrated margin. 

Surface of both cephalic shield and pygidium showing, under a mag
nifier, a slight granular appearance, as if covered by minnte projecting 
unequal grains, with smalJer pits scattered among them. Obscure traces 
of strire are also sometimes seen around the margin of the cheeks. 

Judging from the Ernperfect specimens seen, a medium-sized entire 
specimen of this specie~ was probably a little over 1 inch in length, uy a 
breadth of 0.70 inch, and a convexity of near 0.20 inch. 

The cepllalic shield and pygidium here described are not positively 
known to belong to the sarue species; out judging from the fact that 
they occur associated together, and agree well in size, convexity, pro
positions, and particularly in the peculiar kind of surface-granulations, 
there is little room for doubting that they really belong to the same 
trilobite. This conclusion is also strengthened by the fact that no other 
cephalic shield and pygidium in tL1e collection, not known to belong to 
other species, correspond with them in these respects. 

The pygidium resembles one figured by Mr. Billings in his Palreozoic 
Fossils of the Canadian Survey, page 405, Fig. 384, and doubtfully re
garded by him as belonging to a Dikelocephalus; but the serrations of 
the margin in our species are smaller and less prominent, the middle 
loue less elongated, more obtuse behind, and bas its segments much 
less di~tinctly defined; while the segments of its lateral lobes are also 
much more obscure. Its anterior lateral angles are also more roNnded 
off. l!"'rom the similarity of the two, however, there can be little doubt 
that they are allied species of the same genus, in which opinion Nir. 
Billings fully concurs on examining casts of our species sent to him. 

It is almost be;yond doubt that a pygidium figured by Angelin, under 
the name Corynexochus spinulosus, (see Palreontologia Scandinavien, 
Pl. xxxiii, Fig. 11,) belonging to the same genus as our trilobite ; and 
this raises the question whether I ought not to refer our species to that 

.,. The specimen from which these characters of the thorax are taken consists of a 
mo1d of the interior of the mesial, and a part of one of the 1ateral Jobes, the glabella, 
and one of the fixed cheeks, with a part of the pygidium. It does not show tho free· 
ends of the plourro. 

31 G S 
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genus; his species spinulos~ts, not only being his first one, but the only 
one that he refers to his new genus, without a mark of doubt. On the 
other band, the question is complicated by the fact that his t.vpical spe
cies is founded on a separate head, divested of the movable cheeks, and 
the detached pygidium alluded to above, which may, or may not, belong 
to the same species or genus as the head ; while in the text, he places a 
mark of doubt after the reference to the figure 11 of the pygidium, thus 
showing, as one would think, that he only refers it doubtfully to the 
species spinulosus. Yet, it is evident that the name spinulosus was 
suggested for his first species by this pygidium, which is armed with 
small spines, while no spines are known to be connected with the bead. 
But another difficulty arises from the fact that his generic name Corynex
och?.ts seems to have been suggested by the prominent clavate char
acter of the glabella of the head :figured by him. 

For this latter reason, and the fact that the pygidinm is only con
nected by him doubtfully with the head, probably most authorities 
would view the species to which the head belongs (in case the pygidium 
appertains to another form) as type of the genus. If we adopt this 
view, it would be somewhat doubtful whether our species could be prop
erly referred to Angeliu's genus, since its glabella is merely cylindrical, 
and not quite as long as the head, instead of widening out anteriorly to 
nearly twice its posterior breadth, and apparently slightly overhanging 
the anterior margin, as in the head figured by Angelin. 

If the difference in the form of the glabella mentioned above should 
not be of generic importance, and there should be no well-defined differ
ences in the abdominal parts of Angelin's type, (the abdomen of which 
is unknown,) then our species would have to ue referred to the same 
group, and take the name Oorynexochus serratus. It is, however, also 
very closely allied to Bathyurus, Billings, in most of its known charac-

. ters. After examining casts of our species, Mr. Billings writes that he 
would not be willing to separate it generically from B. exta.ns, the type 
of his genus; though he admits that some differences in the abdominal 
parts, to which I bad called his attention, are rather marked. These 
are the presence of only seven body-segments in our type, instead of 
nine, as in B. extans, and the other known species of Bathyurus; while 
the plural furrows in our species are very broad and rounded, instead 
of narrow and sharply cut as in typical Bathyurus. The serrated, or 
spinuliferous character of the pygidium, in the form under considera
tion, is another difference, though probably of less importance. l\ir. 
Billings, however, writes that he has several new species (all from the 
Lower Potsdam) showing this character; which fact would seerr. to 
argue that there may be a group characterized in part by this peen 
liarity. 

From all the facts, I should certainly be disposed to separate our 
type at least sub-generically from Batkyurus, were it not for the doubts 
that still remain in regard to its relations to Oorynexochus of Angelin, 
which, I should have remarked, would have to take precedence over 
Bathyurus, if founded on a congeneric type, because it was published in 
1854, and Bathyurus in 1859. 

Locality and position.-East side of Gallatin River, above Gallatin 
City, Montana Territory. Potsdani Group of the primordial zone. 

BATH'YURUS! HAYDEN!, Meek. 

General form oval, rather depressed; outline of cephalic shield un
known. Glabella narrow subcylindrical, most convex near the middle, 
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rather well defined by the dorsal furrows, about twice as long as wide, 
with the anterior end sometimes apparently very slightly expanded; 
neck segment projecting somewhat backward, rounded in outline behind, 
and nearly as high in the middle as the glabella in front of it; neck 
furrow narrow, rather well defined, passing entirely across, and continued 
much wider and deeper across the posterior margin of each cheek ; lat
eral furrows consisting of foar pairs, the posterior pair commencing a 
little behind the middle and extending very obliquely backward and 
inward to a point about the breadth of the ueck furrow in a,(l\-ance of 
the same, where they either become obsolete, or upparently sometimes 
almost connect across b.y a shallow transverse furrow; succeeding 
pairs in front very short and transverse, the anterior ones being some
times rather obscure; fixed cheeks moderately wide, or equaling, at the 
posterior end of the eyes, half the breadth of the glabella opposite the 
same point, rather convex, but lower than the glabella; palpebral lobes 
very narrow, or merely appearing as little slightly raised rims at the 
margins of the fixed cheeks, from which they are separated by a linear 
furrow. Eyes, as determined from the palpebral lobes, about two-thirds 
as long as the breadth of the glabella, slightly arched, and somewhat con
verging forward, situated their own length in advance of the posterior 
margin of tlw head, and two-thirds this distance at their posterior ends 
from the glabella. Facial suture in front of the eyes unknown, bnt 
behind them, directed at first for a very short distance nearly backward, 
then curving abruptly outward, parallel to the posterior margin of the 
cheeks, and extending nearly to the posterior lateral angles, where they 
curve obliquelJ backward and outward so as to cut the posterior mar
gin near these angles. 

Thorax consisting of nine segments; axial lobe very narrow, or only 
about two-thirds as wide as each of the lateral, tapering gradually back
ward, and moderately convex; lateral lobes flattened, and lower than 
the axial; pleurrn broadly and deeply furrowed, and having their free 
ends apparently falcate. 

Pygidium intermediate between semicircular and semielliptical, its 
length being about two-thirds its breadth, while its posterior margin is 
rounded in outline, and its anterior uearl.r straight across; mesial lobe 
as narrow, proportionally, as that of the thorax, convex, tapering very 
gradually backw~trd, and nearly reaching the posterior border, showing 
five or six well-defined segments, with space enough for one or two 
more behind those; lateral lobes :flat, with five or six broadly furrowed 
segmentE~ that extend to, but not upon, a very narrow, slightly thickened 
and flattened, smooth margin. 

Entire surface smooth, or only showing very fine granulations under 
a magnifier. 

Length of an entire specimen 1.15 inches, breadth about 0.70 inch. 
Although I refer this species, provisionally, for the present, to the 

genus Bathy7tr'l(,S, I really do not think that it properly belongs to that 
genus, as illustrated by the typical species B. extans. In the propor
tional size of its head, thorax, and pygidium, as well as in the number 
of its body segments, it agrees with that genus; and itR glabella, though 
narrower and more strongly as well as somewhat differently lobed, is 
not otherwise very different; while, so far as known, its facial sutures 
seem to a·gree in most respects. rrhe general :flatness of the whole ani
mal, however, as well as the narrowness of its axis, and particularly the 
different type of its large rounded pleural furrows, (those of B. extans 
being narrow and regular,) are strongly marked features, which, with 
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the differences mentioned in its glabella, seem to separate it from that 
genus. 

In the narrownefSs of its axis, and the nature of its pleurrn and pleu
ral furrows, it agrees exactl~7 with Oonocoryphe; and even in its cylin
drical glabella, and, indeed, in most of the characters of its bead, so far 
as known, it agrees pretty well with some species of the section Ptycho
paria, (see Oonocor. (Ptychoparia) striatus, Fig. 7, Pl. xiv, Barrande's 
Trilobites of Bohemia.) Tlle comparatively large size of its pygidium, 
however, and especially its much smaller number of body segments, (9 
instead of 14,) at once separates it from any ection of that genus as now 
mHlerstood. In some of its characters it seems to show affinities to cer
tain types of O_qygia. Th~lt is, in the general flatness of its form, its 
narrow axis, aud the form and furrows of its glabella; but it differs in 
llaving nine instead of only eight body segments; while its pleural 
furrows are of a diffarent type, and its eyes are smaller, much less arcuate, 
and more remote from the glabella. Its facial sutures, although not 
clearly seen in any of the specimens, in front of the eyes, were probably, 
judging from some indications, not so diverging anteriorly. 

If further comparisons should show it to be generically, or subgener
ically, distinct from all of the groups mentioned, as I believe it to be, it 
may be designateu by the name Bathy·uriscus. 

The specific naiile is given in honor of Dr. F. V. Hayden. 
Locality ancl position.-East side of Gallatin River, above Gallatin 

City, 1\-Iontana. Potsdam or Primordial group. 

B.A.THYURELLUS (ASAFHrscus) BRA.DLEYI, Meek. 

The best specimens of this species I have seen, consist of the central 
parts of the cephalic shield, s.eparated from the movable cheeks. These 
parts may be described as follows: 

Glabella moderately and evenly convex, nearly oblong or truncato
subconical in outline, being a 1ittle narrower at the front than behind, 
.and truncated anteriorly, with the anterior lateral angles roundf'd; 
exulusive of the neck segment, one-sixth to one-seventh of its length 
longer than wide; sides slightly con\ex in outline or nearly straight, 
and converging gently forward from near the middle, well but not 
deeply defined by the dorsal furrows, which are narrow, and continue 
around the front; lateral furrows wanting·, or apparently sometimes 
very obscurely indicated by two or three pairs of extremely faint 
indentations. Neck furrows narrO\v, but distinct, extending entirely 
across, and continued more strongly defined across the posterior mar
gins of the cheeks. Neck segment rather wide in its antero-posterior 
diameter, and flattened in this direction, but transversely arched s~ as 
to be nearly as liigh at its middle as the glabella. Anterior extension 
or limb, moderately produced, or equaling one-third the length of the 
glabella, (exclusive of the neck segment,) sloping gently forward from 
the anterior end of the glabella for about half way to the front, where 
there is thus formed a transverse furrow from which it rises obliquely 
forward in the form of a nearly flat marginal rim. Palpebral lobes 
C{)mparatively large, or constituting all there is of the fixed cheeks, 
lunate, or sub-semicircular in form, depressed below the horizon of the 
glabella, from which they are only separated by the dorsal furrows, 
each occupied by a lunate slightly convex central portion, (which might 
be viewed as minute fixed cheeks,) separated from the outer margin by 
a shallow furrow. Eyes, as determined by the palpebral lobes, about 
four-sevenths as long as the glabella, exclusive of the neck segment, 
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moderately arcuate, and ranging parallel to each other, and to the 
longer axis of the glabella, their posterior ends extending back nearly 
as far as the position of the neck furrow. Facial suture start.ing from 
the anterior ends of the eyes, close ip. to the dorsal f11rrows and diverg
ing forward to the transverse furrow of the anterior extension or limb, 
where they are a little wider apart than the widest portion of the 
glabella, while beyond this they appear to curve a little inward as they 
approach the anterior margin. Posteriorly they curve parallel to the 
posterior margins of the cheeks, as far as they have been traced. Sur
face smooth. 

Length of cephalic shield, 0.90 inch; length of glabella, exclusive of 
neck segment, 0.53 inch; length including same, 0.65 inch; breadth of 
glabella at widest part, 0.45 inch; length of palpebral lobes, 0.33 inch. 

I refer this species merely provisionally, for the present, to the group 
Asaphiscus,* because I am only acquainted with it. in the condition of 
fragments. Its glabella is slightly more convex and rather decidedly 
less conical than in the type of that group; while its eyes are larger 
and closer it1 to the dorsal furrows defining each side of the glabella, 
and its neck furrow narrower and ratller more sharply defined. Tllere 
may be more importa.nt differences in other parts, if we had the means 
of comparison; but as those mentioned seem to be all sud.t as may be 
merely specific, it most probably belongs to the group. 

At a first glance this species reminds one of the fignre of Bathyurus 
capax, Billings, which was also founded upon the corresponding parts 
of the bead. It may be at once distinguished, however, by the greater 
extension of its anterior margin in front of the glabella, as well as by 
its larger palpebral lobes (and consequently the eyes also) being situated 
farther back, and much closer inward to the sides of the glabella. 

Locality amd position.-Near 1\falade City, Northern Utah. Quebec 
group of the Lower Silurian. · 

CONOOORYPHE (PTYOHOPARIA) GALLATINENSIS, Meek. 

Cephalic shield approaching semicircular. Glabella conical-subovate, 
nearly three-fourths as long as the cephalic shield, widest just in 
front of the neck furrow, where its breadth about equals four-fifths of 

* This group is founded on .Asaphiscus Wheeleri, a new species discovered by Lieu
tenant G. M. Wheeler, of United States Topographical Engineers, in the primordial 
rocks near Antelope Springs, Utah. It is nearly allied to Bqthyu1·ellus, Billings, and 
will, it is thought by that gentleman, include a part of the species referred by him 
provisionally, from imperfect specimens, to the same. It differs, however, from the 
t'i)pical forms of that genus, in having its conical glabella decidedly depressed, and the 
margin of the head in front of it, :first c'.mvex and sloping forwanl into a deep trans
verse mesial furrow, then rising in the form of a convex margin to the front. The 
mesial lobe of its pygidium is also proportionally longer, and the free margins of the 
same much narrower and less flattened and alate. It probably only forms a subgenus 
under Bathyu1·ellus. From .Asaphus, with which it agrees in general form and propor
tions, it difters in it.s decidedly conical, well-defined glabella, without lateral furrows 
or lobes, the extended. and transversely furrowed character of the anterior margin of 
its head, its less arcuate eyes placed more remote from the glabella; and particularly 
in having nino body segments, instead of only eight. As in Asaphus, its pleura; are 
distinctly furrowed, but they are more pointed than is usual in that genus, though not 
falcate. Its surface is smooth. 

Tho generic and specific characters will be given in full, with Hlustrations, in 
Lieutenant Wheeler's Report. 

Several American species with a similar depressed, conical glabella, without traces 
of htteral fmrows or lobes, hn.>c been described from more or less carnplete specimens 
of t.he head, under the name Conoccpllalites. It is evident, however, from its smaller 
number of body segments, large pygidium, and differently formed plural gr:ooves, that 
.Asaphiscus is eutirely distinct from tllat group. 
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its length, rounded anteriorly, rather distinctly com·ex, and well defined 
by rather deep dorsal furrows tllat are continued around its front; 
lateral furrows, (as seen in casts of the interior,) consisting apparently 
of three to four pairs, the posterior pair starting at one-thirU to one-half 
the length of the glabella in advance of the posterior side of the neck 
segment, and ranging obliqnely backward and inward, but not connect
ing across the middle;* succeeding furrows very obscure, or in part 
(anterior ones) obs0lete, short, and nearly transverse, or but slightly 
oblique; rostral margin equaling about one-half the length of the gla
bella, exclusive of the neck segment, sloping at first forward from near 
the furrow around the front of the glabella to a <leep, nearly mesial, 
trans,Terse furrow, from which it rises obliquely forward in the form of 
a slightly convex, or somewhat flattened border, that is, a little arched 
transversely; neck segment arched so as to be nearly or quite as high 
in the middle as the glabella; neck furrow well defined entirely across, 
but deepest on each side, and continued deeper, and sharply defined 
across the posterior margins of the cheeks; fixed cheeks comparatively 
wide, or more than half the breadth of the glabella near its mid<lle, 
rather distinctly conve~, -but lower than the glabella, bearing well-<lefinecl 
ocular ridges that extend, with a slight curve, outward and a little 
obliquely backward fi.'om near the anterior eud of the glabella to the 
front of the eyes; free chet'ks unknown; palpebral lobes very narrow, 
or only appearing as little raised rims on the margins of tbe fixed cheeks, 
from which they are defined by small furrows. E,yes, as determined 
from the palpebral lobes, about baH as long as the breadtll of the gla
bella, from which they are rather remotely situated near their own length 
in ad vance of the posterior margin of tlJe cheeks, mo<lerately arched and 
somewhat converging forward. Surface nearly smooth, or only finely 
granular. Other parts unknown. 

Entire length of cephalic shield, 0.43 inch; breadth of cephalic shield, 
unknown; lengtb of glabella, including neck segment, 0.31 inch; breadth 
of glabella, 0.22 inch; breadth across checks aud glabella, between an
terior ends of eyes, 0.46 inch. 

This species is evidently closely allied to Oonocoryphe ( OonocephaUtes) 
teucre, Billings, and 0. Billingsi, Shumard, but differs from both rather 
decidedly in not having the lateral furrows of itfJ glabella cmTed back
ward, the middle and anterior ones being nearly trans\·erse, while none 
of the specimens show any traees of the tubercle on the neck segments 
seen in those species. Such a difference would also almost cei.'tainly be 
found to be accompanied by others of equal or gn"'ater importance if 
we had the means of comparing other parts. 

Among the associated specimens there are several others, consisting 
of the glabella, fixed cheeks, and rostral margin, that agree well with 
the typical specimens of the species here proposed, P-xcepting that they 
have the glabella somewhat more convex, and the rostral margin in front 
of its trans-yerse furrow flattened and horizontal, or even slightly 
slol.Jing forward, instead of a little convex, and rising obliquely forward. 
The lateral furrows of the glabella in these are usually obscure, but 
11early as in the typical form, excepting that I haYe not been able to 
make out clearly more than three pairs. The fourth, or auterior, pair, 
however, are exceedingly obscure, or nearly obsolete in the t,rpical form. 

Another variety or species agrees with tbe last, excepting in slwwiug 
a few very scattering, much coarser, projecting granules over tile sur-

*Often there appears to be a small, obscure tubercle at the outer end of each ef the 
posterior l::tteral furrows of the gla bella, just within the dorsal furrows. 
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face, four pairs of them forming two longitudinal rows along the gla
·bella, while the entire surface between these is very minutely granular 
as in the last. 

There are al~:~o numerous other smaller specimens agreeing with the 
last two, excepting that they show generally but the most feeble traces 
of lateral furrows in the glabella. 

It is possible that some of these specimens may differ specifically 
from the type of the species here proposed, but I am at present inclined 
to regard them all as only different varieties and ages of the same. 

One of the specimens associated with the others consists of portions 
of the cephalic shield crushed, and most of the thorax consisting of 
twelve of the body segments. This shows the axial lobe· to be nar
rower than the lateral, quite convex, gradually tapering posteriorly, and 
rather strongly defined by the dorsal furrows. The lateral lobes are 
depressed, sloping outward from the middle, and composed of rather 
strougly furrowed pleurm, the furrows extendingstraightoutward at right 
angles to the axis. It does not show the form of the free endR of the 
pleurre. Surface nearly smooth, or only very minutely granulated. 
This specimen may or may not belong to the species here named. 

If the name Oonocephalites should be retained, . with the limits usually 
allowed this group of trilobites, of course our species woultl have to be 
called Oonocephalites GallaUnensis. .As Oonocepha lus, first proposed by 
Dr. Barrande, had been previously used for a genus of insects, however, 
and Corda had proposed the name Conocoryphe before Dr. Barrande 
changed his name to Conocephalites, it seems to me that Uorda's name 
wi11 have to stand. It will also be observed that there are two strongly
marked types included in the grnus by Dr. Barrande. That is, one 
wituout eyes, and having the facial sutures forming such very different 
curves as to give the free and fixed cheeks, as well as the frontal limb, 
entirely different outlines and proportions from those of the other type, 
w Llicl.t Lias well-developed eyes. The first of these groups is represented 
by C. Sulzeriand the latter by C. striatus. Corda, however, separated these 
types into two distinct genera, placing C. Sulzeri in his genus Conoco
rrJJphe and C. striatus in his genus Ptychoparia. I have not his work at 
hand for reference, but I infer from Dr. Barrande's citations that the two 
species mentioned were so arranged by Corda that they may each be 
regarded as typical of one of these groups. If so, it certainly appears 
that both of his names ought to be retained, at least in a subgeneric 
sense. In this case it will be observed that nearly all of the numerous 
species hitherto de::.cribed in this country would fall into the group 
Ptychopa'ria, as they all, with perhaps the exception of C. Jllatthewi, 
Hartt, and one or two others, seem to have been provided with well
developed eyes, and agree in other respects generically witil C. striatus. 
Adopting this view, the name of my C.l[ingii becomes C. (Ptychoparia) 
Kingii, and so on through nearly the whole list of .American species yet 
known. 

Locality and position.-East side of Gallatin Hiver, above Gallatin 
City, Montana, Potsdam or Primordial Zone. 

CRETACEOUS FORMS. 

0STREA SOLENISCUS, Meek. 

Qstrea soleniscus, Meek, 1870; Hayden's Geological Report, Wyoming, &c., page 296, 
· List Cretaceous species. 

Shell attaining a large size, becoming rather thick in adult exarnpl~s, 
generally straight, gn'atly elongated, and comparatively very narrow, 
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with parallel lateral margins. Lower valve with moderate internal con
cavity, and having the appearance of a little gutter, or elongated trough; 
beak usually nearly straight, rather obtusely pointed, and more 
or less distorted by the scar of attachment; ligament area of moderate 
size, strongly striated transversely, and provided with a large, deep 
longitudinal furrow ; surface apparently only with moderately distinct 
marks of growth. Upper almost nearly flat externally, but nearly as 
concave as the other within; beak usually a little truncated ; ligament 
area markeu with strong transverse strire, and haviug its mesial ridge 
very preminent, and occupying as much as one-third its breadth; sur
face as in the other val ,~e, or perhaps a little smoother. 

Length of adult examples about eighteen inches; breadth of same 
about 2.50 to 3 inches. 

Although not a very uncommon species, I have seen no entire speci
mens of this remarkable shell. It will be readily known by its unusually 
narrow, elongated, and generally straight form. The sLell is usually 
found broken into several pieces, but casts of the internal cavity are 
not unfrequently met with entire. One of these now before me is nearly 
one foot in length and only 2 inches in breadth. It often had a curious 
habit of growi.ng in groups of three shells, attached to each other by 
th.e backs of their beaks. I have seen large numbers of them closely 
arranged, or nearly in contact with each other, at Coalville, all with 
their beaks down ward, or at right angles .to the planes of the sandstone 
strata. vVhen found where it has grown isolated, the shell is sometimes 
arched to one side. 

Locality and position.-This species ranges through nearly the whole 
thickness of the Cretaceous sandstones near Coalville, Utah, and is also 
found in the Cretaceous coal-bearing sandstones at Bear Hiver City, · 
Wyoming, as well as in a sandstone ridge of same age on Union Pacific 
Railroad, a few miles east of the latter locality. 

0STREA ANOMIOIDES, Meek. 

~hell rather small, very thin, depressed-plano-convex, and without 
any visible scar of attachment, varying from ovate to circular; rounded 
or sometimes a little straightened on the hinge margin; beaks scarcely 
projecting beyond the outline of the cardinal margin. Lower valve 
very shallow; cartilage pit unusually small, shallow, and short. Upper 
valve almost perfectly flat; cartilage attachment m·en shorter than that 
of the other vahTc, and slightly convex on its inner margin. Muscular 
scars unknown; surface of both valves with small regular concentric 
wrinkles most distinctly marked on the central region. 

Greatest diameter of one of_ the largest oval specimens, 1. 70 thohes; 
breadth, J.40 inches; oonvexity, 0.23 inch. 

This species is remarkable for the thinness of the shell, the slight con
cavity of the under valve, and the flatness of the upper, as well as for 
its rounded or slightly straightened cardinal margin, and the absence 
of any scar of attachmeut, or of any traces of muscular impressions 
within. These external characters, and the regular small concentric 
wrinkles, give the exterior of the lower valve of circular specimens some
what the appearance of a Lucina or Dosinia; while in other indidduals 
it looks more like an Anomit~ or Placuna .. 

Loeality a~il position.-Missouri Hiver, belo-w Gallatin City, 1\:fontana. 
Cretaceous. · 
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A VICULA (PSEUDOPTERA) PROPLEURA, Meek. 

Shell, as determined from a left valve, obliquely ovate-subtrigonal, 
moderately convex along the oblique umbonal slope in front of the mid
dle, an~ compressed cuneate behind; posterior margin with its general 
outline nearly vertical and slightly straightened along the middle, thence 
extending obliquely upward and a little forward, with a very f.:tint sinu
osity abo\re, to the hinge, which it meets at an obtuse angle, while it 
rounds rather abruptly into the more or less rounded base below ; an
terior margin ranging obliquely backward and downward nearly parallel 
to the urn bonal slope, faintly retreating near the middle, and from this 
upward to its connection with the anterior end of the hinge, projecting 
slightly in the form of a small, short, flattened auricle, that is less than 
r·ectangular at itB extremity above, and undefined by any marginal sinus 
below; hinge-line of moderate length, but not extending quite as far 
back as the margin of the valve below it; posterior dorsal region flat
tened, tlwugh uot forming a proper alation; beak rather pointed, 
scarcely risiug above the hinge, rather oblique and placed very near the 
anterior end of the hinge, but not quite terminal. Surface ornamented 
by moderately distinct lines of growth which, on the anterior part of 
the valve, are crossed by seven or more slender raised radiating lines, 
and one stronger rib that extends along the umbonal slope so as to give 
it a slightly angular appearance, while very faint traees of fine radiat
ing strirn are sometimes seen on other parts of the valve. Right valve 
and hinge, and interior of both valves,. unknown. 

Height, measuring at right angles to the hinge, 0.90 inch; length of 
hinge, about 0. 75 ineh; greatest antero-posterior diameter parallel to 
hinge, about 0.85 inch; leng·th, measuring from the beak obliquely to 
the most prominent part of the posterior basal margin, 1.20 inches; 
convexity, about 0.23 inch. 

This species appears to belong to a group of American and European 
Cretaceous aviculoid shells that seem to rue to be sutliciently dist~net 
from the t,rpical forms of Avicula (Pteria) and Jlfeleagrinct to stan(l to
gether, at least as a separate subgenus. They differ from the typical 
forms of Avic~lla in having no extended alatious or defined byssal sinus 
in either valve, as well as in pre~enting a peculi::.tr, more or less obliquely 
rllombic, or subtrapeziforrn outline. The binge and interior of these 
shells are unknown to me, but the former seems not to be provided with 
a gaping cardinal area, the cardinal edges being thinner and compressed. 
Avicula anomala, of Sowerby, (1836,) as illustrated by d'Orbigny, in 
Palont. Francaise, Ter. Cret., Tome iii, Pl. 392, may be regarded as the 
tSpe of this section, for which I would propose the name Pseudoptera .. 
It ineludes in addition to Avicula (Psmtdcrptera) anomala., Sowerby, Avi
cula (Pseudoptera) rctricosta, Reuss, and Avicula (Pse~tdopteTa) fibrosa, 
Meek and Hayden. 

The two species here described are only referred to this group pro
visionally, ~s their right valves are not yet certainly known. Tllere are 
some reasons, however, mentioned farther on, for sui:ipecting that this 
valve may have a deep byssal sinus in one, if not both, of these species. 
If this should be found to be the case, they cannot be properly referred 
to the above-mentioned group, but would fall into a group for which 
Stoliezka has proposed the name Electroma., typified by the recent spe
cies A Dimtlct smaragdina, Reeve, and thus have to take the name Aviettla 
(Electroma) propleunt, and A. (Electrorna) rhytophora.. Should Scopoli's 
name Pteria, however, replace A1.:·icula, as I believe the rules of nomen
clature will require, and the section to ·which these shells belong, prop-
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erly fall iuto that genus1 either as a subgenus or otherwise, then the 
name Pteria will have to be substituted for Avicula in connection with 
these species. 

Locality and position,_,..Ooalville, Utah; from white sandstone, 250 
feet above the low~r heavy bed of coal, mined at that place. ~ 

A. VICUL.A. (PSEUDOPTER.A.) RHYTOPHOR.A., Meek. 

Shell, as determined from a left valve, but slightly oblique, rhombic
suboblong, and nearly twice as high as wide in adult examples, but 
proportionally broader and subtrigonal in young specimens; moder
ately convex, the greatest convexity being toward the anterior side, 
along t.h.e umbonal slope, wllich appears to be augular~ thence cuneate 
posteriorly, and more or leRs deflected inward anteriorly; binge line 
very nearly equaling the greatest antero-posterior diameter, and rang
ing at an angle of about 700 to the umbonal axis; posterior margin 
nearly straight, or a little convex in outline along tlle middle, where it 
ranges at an angle of about 100° to the hinge margin, but curving a 
1ittle forward above, so as to connect with the latter at a somewhat 
more obtuse angle, while below it curves gracefully downward and for
ward into the narrowly rounded or somewhat angular base; anterior 
margin a little sinuous in outline in the middle, with a general direction 
nearly parallel to that of the nmbonal slope, but compressed nearly 
rectangular, and projecting a little beyond the beak above, the project
ing part not having tlle character of an ear or distinct lobe, though 
defined by a sha1Iow depression extending from the beak obliquel.v 
downward and backward to the slightly sinuous central region; beak 
very nearly terminal, moderately oblique, and rather compressed. Sur
face with more or less distinct lines of growth, and near the hinge mar
gin well-defined, reguhu, vertical ridges or wrinkles, that seem not to 
be exactly parallel to the lines of growth. Uight valve uot certainly 
known. 

Height of right valve, 3.20 inches; antero-posterior diameter along 
biuge line, 1.90 inches; height about half way down parallel to hinge, 
two inches; convexity, 0.70 inch. 

This species will be readily distinguished from the last, not only by 
its much larger si~e and less oblique and broader form, but also by the 
strong vertical wriukles along its binge margin. It likewise seems to 
be entirely without any traces of the radiating costrn seen on the ante
rior side of that species, and has its posterior margin much more nearly 
\ertical allOve, and slightly convex in outline, instead of a little sinuous 
there. Its umbonal slove, in the only left valve seen, seems to be 
det.:idedly angular, though this may be partly, if not entirely, due to an 
accidental fracture and bending of the valve along that line. It looks, 
however, like a natural augle, with some little nolles or projectiug points 
along its crest. In general form it presents much the outline of some 
of the large Myalinas of the western coal-measures, such as M. arnpla 
and JJI. subquad11ata, but it differs not only in its angular umbonal slope, 
less curved beaks and wrinkled dorsal margiu, but in having its ante
rior margin flattened and a little extended beyond the beak in front, 
instead of being concave in outline there, tllus not leaving the beak 
quite terminal, as we see in lllyalina. 

I am not quite sure that I have seen the right valve of this shell, 
though one of the same general outline, and of l;lOrrespoooing size, that 
was observed in a large mass of rock at the locality, was believed to 
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belong to this species.* It was nearly flat and smooth, excepting fine 
lines of growth, and, if I mistake not, had a tolerably deep, well-defined, 
byssal notch. If it really belonged to this shell, the species can hardly 
go properly, as already stated, into the group Pseudoptera, the type of 
whicll bas no traces of a byssal sinus in either valve. 

Locality and position, same as last. 

A VICUL.A. 0XY1.'0M.A. (~) G.A.STRODES, Meek. 

Shell (as determined from a left valve) attaining a moderately large 
size, subtrigonal in general outline, rather distinctly convex, and having 
a very slight backward obliquity; basal outline very profoundly rounded, 
the deepest or most prominent part being in advance of the middle; pos
terior ma:rgin moderately sinuous below the wing, from the extremity of 
which it ranges obliquely forward and downward, rounding regularly 
into the base below; anterior margin strongly and subangularly sinuous 
nuder the wing, thence descending with a slight forward obliquity and 
rounding rather abruptly into the base; hinge margin longer than tlle 
heigllt of the valve, the antero-posterior diameter of which (at any point 
below) it also decidedly exceeds, ranging ne::trly at right angles to the 
vertical axis of tlle shell; beak distinctly convex, rising above the hinge 
margin, strongly incurved, without obliquity, aud situated less than one
tllird the length of the hinge margin from the extremity of the anterior 
wing, which is subtrigonal in form, somewhat convex, a little rounded 
at the extremity, and very strongly separated from the abrupt shell of 
the urn bo by a deep rounded concavity extending from the beak 
obliquely to the marginal sinus below; posterior wing longer and more 
compressed, narrower, and ·more angular than the other; both wings, 
particularly the posterior one, projecting decidedly beyond the margin 
of the -valve below. Surface only showing more or less distinct lines of 
growth. (Right valve unknown.) 

Height of left valve, 1.50 inches; length of same below the wings, 
about 1.30 inches; length of hinge line, 1.90 inches; convexity, (of left 
valve alone,) 0.40 inch. 

I have not yet seen the binge of this shell, or its left valve, and there
fore have some doubts in regard to which of the sections of t.he old 
genus Avicula. it would most properly fall into. If the right valve is 
(as I am inclined to think the case) nearly fiat, with a deep, sharply-cut, 
l>yssal sinus, and its beak not distinct from the hinge margin, it will 
probably fall into a little group for which I some time back proposed the 
name Oxytoma., typified by Avicula .Munsteri, Bronn. It differs remark
ably from typieal species of Avicula in its erect form, its umbonal axis 
being inclined a little backward, instead of strongly forward. From 
Pseudomonotis, with which it agrees in its erect form and the elevated, 
strongly iucurved beak of its right valve, it differs very strongly in 
having decided, well-developed ears, both in front and bellind. Dr. Sto
liczka thinks the characters of the genus Pse~-tdomonotis should be ex
tended so as to include Oxytoma. Sllould this view prevail, tile name 
of our species would probably become Pseudomonotis (Oxytoma) gastrodes. 
It seems to me, however, that Oxytoma stands more nearly related to 
Avicula proper than to PseudomonoUs, as typified by the Permian species 
P. spelunca.ria, so that if we unite Oxytoma to Pseudomonotis, I cmmot 
see w by we might not, on the same principle, take another step of the 

" Tl.le specimen was broken to fragments in trying to detach it from the mass of 
rock. 
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kind and restore both to Avicula, which I am certainly not inclined to 
do, though I regard Oxytoma as a subgenus under Avicula. 

I use the name A1.,icula here, as elsewhere, t:mbject to the change that 
it is probable the rules of nomenclature _will demand in the restoration 
of the older name Pteria, which would require the name of our species 
to be written Ptcria gastrodes, if it falls into that group. 

Locality and posiUon .. -Cretaceous sandstones of Coalville, ptah. 

MODIOL.A. (BRACHYDONTES) MULTILINIGERA, lY-feek. 

Modeola Pedernalis, Meek, 1870; Hayden's Geol. Report, Wyoming, &c., List Cretaceous 
fossils, page 297, (not Roemer.) 

Shell rather above medium size, obliquely arcuate-subovate; valves 
strongly convex along the umbonal slopes, thence cuneate posteriorly, 
anc1 abruptly curved inward below the middle in front; posterior margin 
forming a broad, regular, convex curve, from the end of the hinge down
ward to the anteiior basal extremity, which is- very narrowly and ab
ruptly rounded; anterior margin ranging obliquely backward and down
ward to the narrow basal extremity, and strongly sinuous along the 
middle, above which it projects more or less beyond the umbonal ridge, 
so as to form a moderately prominent, somewhat compressed protube
rance; hinge margin nearly or qutite straight, ranging at an angle of 
500 to 600 above an imaginary line drawn from the beaks to the most 
prominent part of the basal outline, and equaling about half the greatest 
oblique length of the valves; beaks nearly terminal, rather compressed, 
very oblique, and scarcely rising above the hinge margin; urn bonal 
slopes prominent and more or less strongly arcuate. Surface ornamented 
by fine lines of growth, crossed by regular radiating lines that are very 
fine, and crowded on the anterior part of the valves, but become coarser 
above and behind the umbonal ridge, the largest being near the dorsal 
side, where they bifurcate so as to become very fine, and curve more or 
less upward before reaching the cardinal margin. 

Greatest length, measuring from the beakR obliquely from the beaks 
to the most prominent part of the basal margin of a large specimen, 1.90 
inches; greatest breadth at right angles to the same, 1 inch; convexity, 
0.76 inch. · 

On first examining some imperfect casts of this shell, brought by Dr. 
Hayden from near Coalville, Utah, I was led to think jt probably the 
form described by Dr. Roemer from Texas, under the name Modiola 
Pedernalis, to which I referred it provisionally, in making out the list of 
Cretaceous fossils for Dr. Hayden's report of 1870. Further comparisons 
of better specimens collected during the past summer at the same localit,y, 
however, have satisfied me that it presents well-marked and constant 
differences from the Texas . shell. In the first place, it is distinctly more 
arcuate, so much so, that when placed with its hinge line in a horizontal 
position, the outline of its posterior margin, instead of forming an 
oblique backward descending curve, ranges nearly vertically. Again, 
tbe most prominent part of its posterior basal margin is very narrowly 
rounded, instead of forming a regular curve. Its urn bonal ridges are 
likewise niore prominent, x;nore arched, and extend down to the narrowly 
rounded posterior basal extremity. The lobe-like projection of tlw 
upper part of its anlterior margiu, under the beaks and in front of the 
um boual ridge, also differs in being proportionally much smaller than 
in Dr. Roemer's species, in whieh it forms about one-third of the entire 
valve, as seen in a side view; while in our shell it scarcely forms more 
than one-sixth. Of course tlw specimens are more or less variable in 



GEOLOGICAL SURVEY OF THE TERRITORIES. 493 

these characters, but the two forms can al\lays be readily distinguished 
when good examples can be bad for comparison. 

In its more arcuate form, our shell agrees more nearly with ]Jodiola 
onwta, Gabb, from the Cretaceous rocks of California; but th~tt shell 
differs very markedly in having its beaks uecidedly less, nearly terminal, 
and. a more decided and much more prominent lobe in front of them. 
Another important difference is to be observed in the radiating strirn, 
which on the anterior siue of our shell are very minute and closely 
crowded; while on that part of l\ir. Gabb's species, they are as large and 
distant from each other as on any other part of the valves. 

If Scopoli's name Volsella should be adopted for this genus, as there 
are some reasons for believing may be the case, this change would 
require the name of this species to be written Volsella multil-inigera. 

Locality and position.-Oretaceous sandstones, near Coalville, Utah, 
first ridge, No. 14. 

TR.APEZIUl\'I MICRONEl\'I.A, 1\tieek. 

Shell attaining a rather large size, elongate trapeziform, the length 
beiug a little more than twice the height, which is about one-third 
greater than the convexity; anterior margin very short and round; pos
terior margin obliquely truncated abo\~e and narrowly rounded below; 
base nearly straight, or faintly sinuous along the middle, roundiug up 
rather abruptly at each end; dorsal margin long, straight, and parallel 
to the base; beaks depressed nearly or qnite to the horizou of the uorsal 
margin, and located. one-sixth the entire length of the valves from the 
anterior margiu; umboual slopes prominentl,y rounded from tLe beaks 
obliquely backward an<l downward nearly to the posterior basal extrem
it~-, while below this convexity a shallow concavity extends from each 
beak obliquely backward to near the midule of the basal margin. Surface 
oruamented with numerous very fine, regular, crowded, thread-like radi
ating lines. 

Length, 2.28 inches; height, 1.21 inches; convexity, 0.90 inch. 
I know nothing of the hinge of this shell, and merely place it in the 

genus Trapezi'll/tn from external characters. Its form and surface-mark
ings, howm'er, are such as to leave little room for doubts in regard to 
its relations to that genus or Coralliophaga. 

NoTE.-Since descnbiug, in Dr. Hayden's Report of 1870, (page 301,) 
an elongated shell, from Utah, under the name Pachymya (1) truncata, I 
have been led, by further comparison, to think it far more probably be
longs to the genus Trapezium, and remove it provisionally to that genus 
under the name T. tr~mcata. In the same way I would. remove ::mother 
shell, described by me in that report as Tapes Wyomingensis, to Dr. Sto
liczka's genus Baroda, under the name Baroda Wymningensis. 

Locality and position.-Cretaceous coal-bearing sandstones at Bear 
River City, on Sulphur Creek, Wyoming. 

CORBICUL.A. (VELORITIN.A.) INFLEX.A., Meek. 

Shell longitudinally ovate, a little less than two-thirds as high as long, 
moderately convex; posterior extremity rather narrowly rounded, or 
apparently sometimes faiutly suhtruncated; anterior very short, subtrun
cated, or more or less sinuous in outline, just in advance of the beaks, 
on the abrupt forward slope above, and rather abruptly rounded below; 
basal margin semi-oYate, or semi-elliptic; dorsal margius intlected and 
forming a long convex slope from the urnbonal region posteriorly; beaks 
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rather depressed, oblique, in curved, and placed near the anterior end; 
umbonal slopes not prominently rounded; surface merely showing fiue, 
I;'atller obscure marks of growth; anterior muscular impression rafller 
strongly defined and obliquely ovate; posterior muscular impression 
larger and obscure; pallial line showing a deep~ angular, ascelHling sinus; 
posterior lateral teeth of hinge very long, linear, and nearly or quite 
smooth; anterior short; cardinal teeth very oblique. 

Length of a specimen, a little under medium size, 1.35 inches; height, 
0.39 inch; con\exity, O.G8 inch. 

This species is more depressed and elongated than any of those hith
erto described from tile far-western localities, excepting one or two from 
the coal formations on Bitter Creek, Wyoming, from which it differs in 
having its beaks placed farther forward. It will also be readily distin
guished from those shells, as well as from all of the other species of the 
genus yet known, from any of our rocks, by having an angular, ascend
ing, and comparatiYely deep sinus in its ... pallialline, almost like that. seen 
in many types of the Veneridm. This character is so stropgly marked 
that it was not until I bad sncceeded in getting a tolerably clear idea of 
the nature of the hinge that I could believe the shell related to the gronp 
to which . I have referred it. A.s was pointed out by 1\1r. Tryon, some 
years back, the existing American species of Cyrena, and Corbicula h:-we 
the pallial line more or Jess sinuous; while in nearly all of those from 
foreign countries it is simple. I have also ascertained that nearly all 
the extinct North American species yet known have the pallial line sin
uous. The sinus, howeYer, is usually shallow and rounded, or obtuse, 
in our fossil species; that of the shell here under consideration being 
unusually deep and angular. 

Locality and position.-Near :Missouri River, bflow Gal1atin City, l\1on
tana, where it occurs, associated with Trigonia, Inoceramus, Oa.,rdium, 
Ostrca, and other marine Cretaceous fossils. 

CORBICULA. CYRENA(~) SECURIS, Meek. 

Shell (as determined from internal casts) ovate-subtrigonal, moder
ately convex in tLe central and umbonal regions, and cuneate behind; 
anterior end short, with its margin regularly rounded from below the 
beaks into the base; posterior margin apparently a little truncated, with 
a slight backward obliquity from the posterior dorsal slope to the pos
terior basal extremity, which rounds abruptly into the yentral margin; 
dorsal outline declining ratber distinctly backward from the beaks; basal 
margin forming a semi-elliptic or semi-ovate curve; beaks prominent, 
gibbous, located about one-third the length of the shell from the anterior 
margin, and rather strongly incurved; posterior umbonal slopes some
what prominently rounded; muscular impressions shallow. (Surface 
and binge unknown.) 

Length, 1.67 inches; height, 1.47 inches; convexity, about 1.15 inches. 
The only specimen of this species yet known being merely a cast, it 

is not possible to determine from it, with certainty, the generic charac
ters of the shell. It agrees, so nearly, however, in general appearance, 
with Corbicu.la Durkeei, from the estuary beds near the same locality, 
that I was at first inclined to belimTe it might be that species. A care
ful comparisou, however, with that shell, both as represented by inter
nal casts, and by specimens showing the exterior, leaves no doubt that 
it IS at least specifically distinct. A. marked character seen in all the 
numerous specimens of 0. JJurkeei is the very strong inflection of tbe 
margins of the valves along the posterior dorsal slope, causing a pro-
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found wide sulcus from the heaks nearly or qnite to the posterior basal 
extremity, where the two are united. Tllis clw.racter alone will distin
guish that shell from the form here under consideration, which shows 
nothing of tlle kind. Another well-marked ditl'erence is also observable 
in the muscular impressiom;; the anterior one in G. Durlceei beiug very 
deep, while in the species here described it is so shallow as only to leave 
rather faint marks of its outline on internal casts. 

Loca.lity ancl position.-Oretaceous sandstones, including the coal at 
.Bear River City, (Sulphur Creek,) 'Vyoming Territory. 

CORBICULA 1EQUILATERALIS. 

Shell (as determined from an internal cast) subtrigonal, and nearly, 
or quite, equilateral, rather convex; height about five-sixths the length; 
anterior and posterior extremities nearly equally, ~nd rather narrowly, 
rounded; ventral margin forming a nearly semielliptic curve, the most 
prominent part being at the middle; beaks rather prominent, and very 
nearly, if not quite, ceutral; umbonal slopes not prominently rounded; 
dorsal outline declining subequally fl'Om the beaks in front and rear, the 
posterior slope beiug· convex in outline, and the anterior concave; mus
cular impressions shallow. (Surface and hinge unknown.) 

Length, 1.72 inches; height, 1.45 inches; coll\-exity, about 0.92 inch. 
One specimen of this shell shows impressions in the matrix of elongated 

lateral teeth, like those of Oorbicula in form ; but the arenaceous ma
terial is too coarse to haYe defined the striations of these teeth, if any 
existed. Until the cardinal teeth can be seen, its relations to that genus 
cannot be positively determined, though I have littlA doubt tuat it 
belongs to that group. It will be readily distingmsiled from the last by 
its less elongated and equilateral form. These chara~ters will also 
equally distinguish it from 0. Durkeei, from the Bear River estuary 
beds. 

Locality and position.-Same as last. 

CYRENA 0ARLETONI, Meek. 

Shell small, thin, subcircular, or with length a little greater than the 
height; m'oderately convex; anterior ~nd posterior margins rounding 
from above regularly into the rounded ba::ml outline, or with. the posterior 
sometimes slightly straightened, both rouudiug more abruptly to the 
hinge above; beaks rather depressed, small, abruptly pointed, incurved, 
nearly contiguous, and placed slightl.Y in advance of the middle; hinge 
line sloping very gradually from the beaks. Surface marked with mod
erately distinct concentric liues and furrows. 

Length of a medium-sized specimen, 0.55 inch; lleight of same, 0.49 
inch; con\exity, 0.32 inch. 

This shell is so very thin, and so nearly resembles a rather large 
Sphmrimn in form and surface characters, that I should eertainly llave 
referred it to that genus, had not a luc·ky blow separated the hinge of 
a right valve from the matrix in such a manner as to expose the teeth 
quite satisfactorily. This shows its hinge to have the character~ of a 
true Cyrena. For so thin a shell it has quite a stout hinge. Its car
dinal teeth are rather diverging, the posterior two being well developed, 
am] each a little furrowed along the middle, wlaile the anterior one (in 
this right valve) is much smaller and conical in form. The lateral 
teeth are of moderate size, and ·certainly smooth, the posterior being 
remot-e from the cardinal teeth, and the linear anterior extending back 
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to the latter. Internal casts show the muscular an<l pallial impressions 
to be well defined, and the latter to be a little straightened, or showing 
a very faint tendency to form a small sinus under the posterior. 

'.rhis is a rather small and an unusually thin shell for the genus Cyrena, 
being, as already remarked, much more like a Sphcerittm in these char. 
acters. It is quite abundant at the locality, but as it is only found in an 
indurated clay matrix, good specimens are with difficulty obtained, and 
from these the thin shell is very liable to break and scale off, leaving 
only the internal cast remaining. 

AI'nong the specimens collected there are some of a more transverst>ly 
oval form and somewhat larger size than those I have regarded as the 
types of the species llere described. These may beloug to a distinct 
species, but tiley agree so nearly in all other known cilaracters that 
I am at present inclined to regard them as merely a variety of the 
same. 

l.Jocality cmd position.-Oarleton's coal-mine, Coalville, Utah. Creta
ceous. 

PHARELLA ~ PEALEI, Meek. 

Shell elongate-oblong, or subrhombic, the length being about twice 
and a half tile height, rather compressed; anterior margin slightly 
sinuous just in advance of the beaks above, and somewhat narrowly 
rounded below this faint sinuosity; posterior margin truncated, with a· 
convex outline, very obliquely backward ~nd downward, from the 
posterior extremity of the hinge to the prominent aud Yery narrowly 
rounded or angular posterior basal extremity; binge-line proper 
apparently, comparativel,y short, and not forming any angularity of out
line at its connection with the sloping posterior dorsal margin ; beaks 
rising a little above the hinge-margin, but rather depressed and placed 
about one-fifth the entire length of the valves from the anterior margin; 
bas~tl margin long, slightly sinuous along most of its length; posterior 
dorsal slopes rather prominently rounded from the beaks obliquely to 
the posterior basal extremity. Surface only showing obscure lines of 
growth. 

Length, 1.20 inches; height, 0.48 inch; convexity, 0.28 inch. 
Knowing nothing of the hinge of this shell, I only refer it proyisionally 

to Pharella. It does not seem to have had tile extremities gaping as in 
that genus; but the specimen has evidently been accidentally com
pressed, and this may have given the valves the appearanct3 of being 
closed. In general appearance it resembles Solen Guerangeri, d'Orbigny, 
which seems to belong to the genus Pharella. Our shell, however, 
evidently differs from d'Orbigny's specifically, at least in not having the 
posterior margins of its valves near so abruptly truncated, but rounding 
and sloping forward gradually into the dorsal outline above. Possibly 
I should call it JJ[odiola Pealei. 

Locality and position.-1\Iissotui River, below Gallatin City, ·l\'Iontana. 
Cretaceous. 

00RBUL.A. NEMA.TOPHORA, 1\feek. 

Shell of about medium size, ovate-subtrigonal, nearly equivalve and 
moderately convex, with height equaling two-thirds the length; anterior 
outline rounded; base semi-ovate; posterior extremity somewhat pro
duced and subangular or minutely truncated in outline below; dorsal 
outline sloping from the beaks, the anterior slope beiug more abrupt, 
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and sligh.tly concaye in outline abo,e, and the posterior longer and 
nearly straight, with a greater obliquity; posterior umhonal slope.-, 
more or less angular in each valve, from the beak to the posterior basal 
extremity; beaks ratller prominent, and placed about one-third the 
length of the valves from the front. Surface ornamented by small, reg
ular, concentric ridges, or strong lines and furrows, both of which are 
more distinct on the right valve than on the left, where they are some
times obsolete. 

Length of largest specimen seen, 0.50 inch; height, 0.32 inch; con-
vexity, 0.25 incll. · · 

This shell agrees so very nearly with a form I have described from 
Hall ville, Wyoming, under the name Corbicula? crassatellij'ormis, as al
most to raise a doubt whether it ma,v not be really the same species. I 
have not seen the hinge of the Hallville species very clearly, though 
some of the specimens seem to indicate that it can hardly be a Corbula; 
while those of a larger, but otherwise scarcely <listinguislmble form, 
as~:;ociated with it, are distinctly seen not to haYe the characters of Cor
bula, but to present nearly tlw essential features of Corbicula. Even 
should the smaller of the Hallville species, however, prove to be a Cor
bula., I think the form under consideration, which certainl,) has the hinge 
of the latter genus, will l>e <liE",tinguished, specifically, b_y its smaller 
size, more convex valveR, and more distinctly striated and furrowed 
surface; particularly that of its right valve. It is also not so extremely 
thin a shell as the Hallville species. 

I also ha,-e now before me another very closel.v a1lied form, from 
Black Butte Station, vVyoming, and still more nearly like the Ballville· 
~hell referred to. So far as can be determined by comparisons with 
accidentally compressed, and separated valves of the Ballville shell, 
showing none of the hinge characters, the. specimens of the Black Butte· 
form would seem only to differ in being much thtcker, and more strongly 
and regularly marked by concentric lines and furrows. Its decidedly 
inequivalve character may also be another difference, but it is uot pos
sible to determine from the separated and compressed valves of the· 
Hall ville species, yet seen, whether it is inequiyalve or not, though it 
seems not to be. Compared with the form here described, aud which 
must occupy a much lower position in the series, the specimens from 
Black Butte differ chiefly in being much larger, thicker shells, some
what more abrupt on the anterior slope, with more elevated beaks .. 
There may also be differences in the hinge and muscular and pallial im
pressions, which I lmve had no opportunity to compare. 

Should this Black Butte form prove to be distinct from both of the 
others mentioned, it may be called CoTbula propinqua. 

Locality ancl position.-Near Cedar City, Southern Utah, from coal
bearing Cretaceous beds, apparently belonging to the same horizon as. 
the lower part of the coal-series at Coalville. It occurs in great num
bers, associated with Tm·ritella Coalvillensis, and other forms. appar
ently identical with Coalville species. 

NERITINA (DOS':l'IA ~) BELLATULA, Meek. 

Shell small, depressed ovate, or broad. slipper-shaped;. apex very 
small, and depressed to the posterior margin, where it forms one or two 
minute, slightly oblique, compact turns, that do not project beyond the 
margin, but are sometimes even slightly overlapped by it;- inner lip 
very broad, or shelf-like, and occupying more than half of the under 
side, convex and more or less thickened, with the in~r margin. concave 

32 G S 
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in outline at the middle, and provided with a slight projection on each 
side, but not properly crenate or dentate; outer lip rather thick, obtm;e, 
nearly or quite smoot!J, a.J:!d continuous around the margins with th.e inner 
oue; aperture :;;mall, and transversely semicircular. Surface polished 
and ornamented by fifteen to twenty light yellowish or cream -colorl:'d, 
simple radiating costre, separated by shallow, bright brownish furrows 
of about the same breadtll; lines of growth moderately distinct.* 

Length, 0.31 inch; breadth, 0.25 inch; convexity, 0.1~ inch. 
I am in some doubt in regard to the proper disposition to make of 

this little shell. In most of its characters it seems to conform pretty 
nearly with Dostia ofGra.v, generally regarded as a subgenus under Neri
ti·na, Lamarck, (= Neritella, Humphrey.) It has a much smaller and less 
prominent spire, however, aud a more convex and broader inner lip, 
than the 'type of that group, and also want.s the crenulations of the 
inner lip seen in the same. In its limpet-like form, tumid, -greatly de
veloped inner lip, and minutely coiled apex, it approaches Yelates, Mont
fort; and I am not quite sure that I would not be nearer right to call 
it Yelates bellatula. Still it differs from the typical form of that genus 
in having its apex depressed to the posterior margin, instead of being 
elevated and nearly central; while the margin of its inner lip wants the 
distinct denticulations seen in that of that shell. 

Of coun;;e, if Humphrey's catalogue genera are to be adopted, on 
account of their priority of date over those of Lamarck and othfrs that 
were accompanied by diagnoses, the name of this shell, supposing the 
view here adopted. in regard to its affinities to be correct, would become 
Neritella ( Dostia) bellatula. 

Locality and pos'ition.-Carleton's coal-mine, Coalville, Utah. 

NERITIN.A. (DOSTIA ~) P .A.'l'ELLIFORMIS, Meek. 

Shell small, thick, oval or subelliptic; nucleus nearly posterior and 
generally more or less elevated above the posterior margin, but always 
lower than the middle position of the dorsal region in front of it,, 
directed olJliquely backward, and, in well-preserved specimens, minutely 
subspiral at the immediate more or less oblique apex; inner lip very 
broad, or having the form of a thick, smooth, convex septum, that 
extends forward more than half the length of the shell; outer lip thick
ened, obtuse; and smooth within; open part of the aperture small and 
transversely semicircular. Surface with moderately distinct lines of 
growth. 

Length of one of the largest specimens found, 0.62 inch; breadth, 
0.50 iuch; height or convexity, 0.33 inch. 

This form is evidently very nearly related to the last, and may possi
bly be a more robust. variety of the same. It attains a much larger size, 
however, than any of the specimens of that shell I have seen, and pre
sents a more elevated form, with a thicker and more tumid inner lip; 
while its nucleus is often more elevated above the margin, though not 
always so. At first, I though~ the absence of radiating costre on this 
shell would very decidedly distinguish it from the last, but on fa.rther 
examination I find the costre almost obsolete on one of the specimens 
of that species, though the bright brown color of the spaces between 
them makes the lighter interspaces quite apparent. Among the speci
mens of the larger form under consideration, (broken directly from the 

" Of course the colors mentioned ar~ aot known to present the same tints in the fossil 
shells that ornamented them when the animal was alive. 
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same matrix,) I find a single small individual,. showing very obscure 
traces of radiating brown stripes, like those occurring between the cost::e 
of the last, (the other specimens not being in a condition to preserve 
marks of color.) It is possible, however, that this smaller individual, 
showing traces of colored stripes, may be distinct from the others. It 
would' be rather rema.rliable if this and the last describeu species should 
be the same, since an interval of about 600 feet of strata occurs between 
the beds in which they were found; while all of the otl.1er species, so 
far as known, from the two horizons, are distinct, and no shell resem
bliug these forms is known to occur in any intermediate horizon. 

Locality and position.-Ooalville, Utah, from the Cretaceous beneath 
the lower heavy bed of coal mined at that place. 

NERI'l'IN..A (DosTIA. ~) C.ARDITOIDES, Meek. 

Shell attaining a moderately large size, broad, oval, and depressed in 
form, apex posterior, and nearly or quite depressed to the margin, appar
ently obliquely subspiral; inner lip very broad, or forming more than 
half of the under side, rather thick, smooth, and nearly fiat, or some
what conY ex, with its straight inner margin sharp and without teeth 
or crenulations; outer lip thick, very obscurely crenate witllin, and 
apparentlJr continuous with the margins of the inner one around be
hind; aperture transversely semicircular, and less than half the size of 
the under side of the shell. ~nrface ornamented by about fifteen simple, 
narrow, sharp, and subcrenate radiating cost::e, separated by wider, 
rounded, intermediate furrows; lines of growth distinct. 

Length, about 0.87 inch; breadth, 0.70 inch; convexity, 0.35 inch. 
This is another curious form allied to the little species I have described 

under the name N. bellatula. When viewed from the dorsal side; ns 
seen lying with the aperture downward, its forru and strong radiating 
cost::e gi,·e it much t-he appearance of the left valve of a Oardita or CaT
diwn. The only specimen of it in the collection has its apex and poste
rior and lateral margins brokt•n away, and its broad, smooth, shelf-like 
inner lip broken by pressure inward. Still, however, it gives a tolera
bly correct idea of the characters of the shell. In several respects it 
agTees with Velates, and possibly might, without impropriety, be called 
Velates carditoides. I suspect, however, that when better specimens can 
be examined, it will be found typical of an undescribed section, including 
also tile little species l!l. bellatula. If so I woul<l propose for the group 
the name Velatella. I know of no nearly allied described type. . 

Locality and position.-Uarleton's coal-mine, Coalville, Utah. Creta
ceous. I am under obligations to Mrs. Carleton, the wife of the gent.le
man who owns the coal-mine at which tbe specimen was found, for the 
only example of the species I have seen, wbich was discovered by her 
while we were at the locality. 

NERITIN..A (NERITELLA) B..ANNISTERI, Meek. 

Shell subglobose; spire much depressed, or with its apex scarcely 
rising above the body whorl; Yolutions three to four, rapidly increasing 
in size, so that tbe last one comprises nearly the entire shell, ruore or 
less flattened, and sometimes proYided with an obscure linear revolving 
furrow above; aperture large, sn boYate, approaching semicircular, being 
a little straighter on the inner side; onter lip beYeled to a tbin edge; 
inner lip of moderate breadth, sliglltly concave, and flattened, with a 
steep inward slope, entirely smooth. Surface polished, and marked by 
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crowded zigzag vertical bands of brown and light yellowish colors; lines 
of growth moderatels distinct. 

Height of a nearly medium-sized specimen, 0.40 inch; breadth, 0.4.3 
inch. Some examples are as much as twice these dimensions. 

Although the specimens sho\Y the pattern, or style, of the original 
coloration of tp_is shell quite distinctly, the colors themselves may, 
of course, have been different on the living shell. Usually the zigzag 
ruarldngs are quite distinot on the specimens as found, but ou some ex
amples the bands are blended and become fainter, so that the surface 
merely presents a light brownish tinge. It is always polisLed, however, 
on all the specimens seen. . 

This species seems to be more nearly allierl toN. ~Nebrascensis, M. & H., 
from Jurassic beds near the bead of Wind River, than to any other form 
with which I am acquainted. It may be re.tdily distinguished, however, 
by its more depressed spire and the slight flattening of its volutions 
above, as well as by its more flattened and more concave inner lip. It 
likewise attained a larger size than any of the specimens of that speeies 
I have seen. It is· one of the most abundant shells observed at the 
loeality, and is usually found in a better state of preservation than any 
of its assoeiates. 

The speeific name is given in honor of Dr. Henry 1\L Bannister, of the 
Smithsoniau Institntion, to whom I am under obligations for valuable 
assistance while visiting the Roeky Mountain region during the past 
summer. 

Locality and position.-Carleton's coal-mine, Coalville, Utah. 

NERI'fiN.A. (NERITELLA) PJSUM, Meek. 

Shell globose; spire much depressed; volutions about thr..ee, rapidly 
increasing in size, so that the last or body turn (wbieh is a little de
pressed al>ove) composes nearly the entire shell; inner lip broad, flat
tened, and smooth; aperture small and semicircular; surfaee nearly or 
quite smooth. 

Height, 0.22 inch; breadth, 0.26 inch. 
This little shell has much the form of the last, and I was at first inclined 

to think it might be the same, notwithstanding its much lower position 
in the series. A careful comparison, however, shows that it has a . de
cidedly broader, flatter, and straighter inner lip, while jts aperture is 
proportionally smaller, and quite different in form. 

Locality and position.-Coalville, Utah. Cretaeeous, from below the 
lower bed of coal. 

NERITINA. PISlFORl\HS, Meek. 

Shell small, subglobose, or obliquely rhombic, the height being slightly 
less tLan the oblique breadth; spire rather prominent for a species of 
this genus; volutions three to three and a half; convex; last one large, 
and forming most of the bulk of the shell; aperture subovate, consider
a.bly contracted by the flattened, moderately wide inner lip, which is 
nearly straight on its inner margin, and provided there with four small 
denticles, the upper one of which is largest. Surface smooth. 

Height, 0.30 inch; greatest oblique breadth, 0.32 ineh. 
This little shell agrees so nearly in size and form with the deseribed 

speeies, (N. pis~tm,) that they may be readily eonfounded, as tuey are 
found with the aperture filled with roek. .A fortunate fracture of one 
of. the speeirnens exposed the inner edge of its flattened columella, how-
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e7er, and thns enabled me to see thRt it is denticulated, and in tbis 
respect differs from Ne'l'·itina pisurn, which seems to be entirely without 
teeth. Further comparisons also show the two sbells to differ in form, 
that under consideration baYing a more prominent spire and a more 
globose outline, being less oblique. 

In size and general appearance it also closely resembles small exam
ples of Ner-itina compacta, Forbes, from the Cretaceous rocks of India; 
but it is less oblique, or more globose in form, and bas four dentieles 
instead of only three on its columella. It is possible I should call it 
Nerittt pisiformis, as the deHticulations of its columella are rather 
strongly developetl for a Neritina, in which genus the columella is usuall.v 
smooth, or only finely crenate. Its general aspect, however, is more like 
species of the latter group. 

Locality anll position.-Ooalville, Utah, from the Cretaceous beds 
below the heavy lower bed of coal mined there. 

AD::.\1E1'E ~ RHOl\IBOlDES, l\ieek. 

Shell rather small, rhombic-subm·al, or short subfusiform, the length 
being slightly more than twice the breadth at tile widest p~trt, which is 
near the midrlle; spire rather depn'ssed-conical, sulJturreted; volutions 
five or six; convex; last one forming about tbree-fourths the entire lJulk 
of the shell, and more than half of its length, widest near its upper part, 
and abruptly narrowed below so as to present an obliquely obo,·ate 
form; suture rather deep from the conYexity of the volutious; aperture 
narrow, subangular alwve and narrowed below to a small notch at the 
base of the truncated columella, which is provided with two small obscure 
plaits or folds, the lower of w bich is formed by the twisted margin of the 
truncated inner lip, wllile the other iR placed a little farther up; outer lip 
sharp, with its ·margin slightly retreating above, and more promineut 
belmr-, or near the middle. Surface ornamented by distinct \ertical folds, 
that are usually well deYeloped on the volutions of the spire, and around 
the upper part of the body whorl, lJut lJecome obsolete below; moderately 
distinct revolving lines also mark the lower part of the body volution, 
but these appear to become obsolete on its upper part, and on those of 
the spire, as specimens are usually found. 

Leilgth, 0.37 inch; breadth, 0.21 iuch; angle of spire about 580. 
1 am much perplexed .in regard to the proper disposition to make of 

this and the first two of the followi11g species. In some of their cuarac
ters, they would seem to be related to certain types of the JJiitrina:, such 
as V'ldpec'ltl(J.., BlainYille, ( = Vulpecula, Klein;) while in othets they appear 
to have affinities to tile Cancellariidce, being much like the genus Ad
'mete. Without being at all satisfied, however, that they belong prop
erly to the latter genus, I have concluded to refer them to it, provision
ally, for the present, until better specimens can be obtained for study 
and comparit-5on. My present impression is, that they will prove not to 
belong properly to any of the established genera, when all their charac
ters can be clearly made out. If it should be found desirable, howm·er, 
to establish a new group for their reception, I would propose for it ihe 
name Admetopsis, from the resemblance of the shell to the t_ypical forms 
of the genus Ad,mete. 

Locality amd position.-Coalville, Utah. From Cretaceous beds be
neath the lower heavy bed of coal at that place. 

ADMETE ~ GREGA.RIA, Meek. 

Shell small, oval, subfusiform; spire moderately promitwnt, conical, 
and apparently terminating in a pointed apex;· volutions five or six, 
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conYex, sometimes showing a slight tendency. to become shouldered 
above, last oue forming about half the eutire length of the shell, gen
erally a little wider aho\Te, and narrowed and somewhat produced 
below; suture well defined, in cousequence of the convexity of the voln
tions; apert.ure narrow, slightly louger than the spire, acute above, and 
narrowing to a small, well-defined. sinus at the base of the truncated 
columella, which is provided with two small'folds, one of which is formed 
by the twisted lower edge of the truncated columella, while the otlwr 
occupies a position a little above, and passes around more obliquely; 
surface ornamented by eomparatively rather strong, regular, vertical 
ridges or folds that sometimes become nearly or quite obsolete on the 
body volution, especially below its upper part. Crossing these folds alHl 
the depressions between them, mueh smaller revolving ridges and fur
rows may be set>n on well-presenTed specimens, thougll these are also 
sometjmes obsolescent, excepting around the lower part of tlle body 
volution. 

Length of a medium-sized adult specimen, 0.50 inch; breadth, 0.25 
inch; angle of spire, about 42o. 

'11his species will be at once distinguished from the last by its propor
tionally m<;>re prominent spire and less expanded body volution. It is a 
much more abundant shell than the last, being found often in consider
able numbers clustered together. 

Locality and position same as last . 

.ADME1'E ~ SUBFUSIFORMIS, Meek. 

Shell subfusiform, with the length nearly three times the breadth; 
spire elongated, conical, turreted; volutions seven or eight, convex; 
last turn more than half tlw entire length; suture well. defined, iu coo
sequence of the convexity of tile wiJorls; aperture narrow, equaling 
about two-fifths the entire length of the shell, angular behind, and nar
rowing below to a small, sharply-defined notch at the base of tiJe trun
cated columella, w bich seems to bear two small folds near its lower part, 
one being formed by the twisted and truncated lower magin; inner lip 
a little thickened; surface ornamented by distinct, regular, Yertical 
folus tiJat are ueady or quite obsolete on the body volution below its 
upper part, and reg-ular rm'olving lines quite well uefined on tiJe body 
turn, especially its lower part, and appear to be obsolete on tlwse of the 
spire; lines of growth moderately distinct. 

Length, 0.50 inch; breadth, 0.20 inch; angle of spire, about 30°. 
TIJis species differs even more strongly from the last than that form 

does from the species rhomboides, having a much more elevated spire and 
a proportionally smaller body Yolution and aperture. In ornamentation 
the three forms, however, are much alike. The species here under con
siueration sho\vs a soruewiJat more thickened inner lip than I have yet 
seen in either of tiJe others. 

For tlle reasons already explained, this and the last may haye to take 
the names Turricula gregaria anu T. subfusiformis, if all tiJree do not, as 
l:'ng-gested further b.ack, require to be grouped together as a 11ew section, 
under the names Admetop:sis rlwmboides, A. gregaria, and A. subfusifonnis. 

Locality and position same as last. 

TURRI1'ELL.A Uo.AL VILLENSIS, Meek. 

Shell attaining ? large size, elongate-conical; volutions apparently 
ten or more, distinctly convex, the most prowinent part of those of the 
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spire being somewhat below the middle, where they are angular; sur
face below the angle flattened, or a little concave, and sloping rather 
abruptly inward and downward to the suture, while above, to near the 
upper margin, where there is a shallow rmTOh7 ing concavity a little below 
the suture, it is convt>x; last volution probably biangular around the 
middle; suture well detinet!; aperture unknown. Surface ornamented 
by rather obscure revolving ridges, about five of wllich may be counted 
on each volution of the ~pire, one being at the lower margin immediately 
above the suture; anotber, wbicb is also the largest, oecupying the most 
prominent angular part of the whorl; and above tllis three others 
occur, one being above the revolving conc~wity, and at tbe immediate 
upper margin; lines of growth obscure and making a strong backward 
curve in crossing the middle of the volutions. 

I have not seen specimens of this fine species sufficiently well pre
served to be able to give accurate measurements, though those I 
have bad an opportunity to examine inuicate a length of not less than 
two inches and a fraction, and a breadth of 0.93 inch. The angle of its 
spire, as taken from near the middle of a large specimen, imperfect at 
both extremities, measures about 23°, while smaller indiviuuals, com
posed of fh·e or six of the upper volutions, show an angle of nearly 30°. 
lt is, therefore, evidently a large, robust species, that increases rather 
rapidly in size from the apex. 

Specimens of this species were brought in by Dr. Hayden a year or 
two :::iuce, and were supposed by me probably to belong to T. Martine
zensis, Gabb, to which it is evillently related in size, form, and general 
appearance. Since seeing the California. State collection, at San Fran
cisco, during the past summer, bo\\ever, and some aduitional collections 
fi·om Coalvilie, I have become satisfied that the Utah shell is distinct 
from l\lr. Ga bb's species. In this opinion 1\:Ir. Gabb also concurs, after 
Sl"'eing our specimens. The most obvious differet.~ce is that our shell 
has the volutions constantly convex above the angle, and below the 
n~volving concavity near the upper part, while in the California species 
the upper slope of the volut1ons is regularly concave from the upper 
margin to the angle. Better specime11s would doubtless show other 
diflerences. 

Locality and position.-Coalville, Utah. From the Cretaceous, beneath 
the lower heavy Led of coal. 

TURRITELLA SPIRONEMA, Meek. 

Shell rather sma1l, or scarcely attaining a medium size, elongate coni
cal; volutions about fifteen, increasing very gradually in size, mod
erately convex: last one rounued in tl1e middle; fl.perture apparently 
ovate; colnmella rather regularly arcuate. Surface ornamenteu by 
sqnari!:lh, rather regular revolving thread-like lines, with nearly equal 
furrows between; about five to seven or eight of the lines and furrows 
are seen on each of the turns of the spire, and nearly twice as man.Y on 
the uody whorl, where those below the middle become abruptly smaller 
and more crowded than those alJove; lines of growth obscure and gently 
arched in crossing the volntion; suture moderately distinct. 

Length of the largest speciH1en found, 0.82 inch; breadth of body Yolu
tions, 0.23 inch; spire nearly-regular; divergence of its slopes, about 110. 

There is a slightly poliRhed, appearance of the surface of this shell 
that is not often seen in the true T1.1rritella, and gives origin to some 
doubts whether it may not belong to some group allied to Aclis or Me
nestlw. As in size and general appearance, however, it seems to cor-
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respond more nearly to 'l'urritella, I have concluded to refer it pro
\'isionally to that genus until better specimens can l>e obtained for study 
aud comparison. None of those yet seen show satisfactorily the exact 
form of the aperture. 

Locality and position.-Carleton's coal-mine, Coalville, Utah. Creta
ceous. 

TURRITELLA ( ACLIS 1) 1\IICRONEl\IA., Meek. 

Shell small terete or elongate conical; \olutftms about nine, nearly 
fiat, sometimes moderately convex, increasing gradually in size, last one 
ronuded or obscurely subaugular iu the middle; suture linear to mod
erately distinct; aperture rhom bic-subovate, au gular above. Surface 
ornamented by fine, regular, rather crowded revolving liues, six to eigllt 
of which may be counted on each volution of the spire. 

Length of the largest specimen seen, 0.50 incll; breadth, 0.18 inch; 
angle of spire about ~go, with slightly convex slopes. 

This may not be a T'ltrritella, the specimens not being in a condition 
to show the texture of the shell, or to give a very clear idea of its aper
ture and lip. It would be a rather ~::~mall species for that genus, and if it 
possessed the delicacy of surface seen in tllose genera it might, perhaps, 
with more propriety be referred to Aclis or JJlenestlw. The fractured. 
lip in some of the specimens has somewhat tile appearance of a slight 
angularity or a very small noteh at the base of the aperture, but this 
may be due to the manner in. which it is broken; if not, it would seem 
to present affinities to the genus JJlesalia. It will be readily distinguished 
from the species I described under the name T. spironema, l>y its less 
attenuated form and. finer and less distinct revolving lines. It is also 
not nearly so attenuated toward the upper part of the spire as that 
species. 

Locality and position.-Coa1vi1le, Utah, from the Cretaceous below the 
lower heavy beu of coal mined at that place. 

Fusus (NEPTUNEA 0?} GABBI, Meek. 

Shell rather small, fusiform; spine moderately prominent, conical; 
volutions seven or eight, convex; last one somewhat Yentricose in the 
middle, and rather suddenly contraeted below into the narrow, slightly 
twisted, more or less bent, and. apparently moderately produced canal; 
suture well defined; aperture rhom bic-subovate, and rather suddenly 
narrowed into the canal below. Surface ornamented with equal, dis
tinct, regularly disposed varices or vertical folds, about eight of which 
may be counted on the penultimate volution, and less on the l>ody-whorl, 
where some of them become obsolete; crossing these are also seen :fine 
revolving lines, and, a little below the suture, apparently a shallow 
revolving furrow, that gives it a slightly banded appearance. 

Length, including canal, about 0.87 inch; breadth, 0.40 inch; slopes 
of spire straight, and diverging at an angle of about 50°. 

The specimens of this species contained in the collection are quite 
imperfect, being mainly casts, retaining more or less of the shell. From 
such material it is, of course, impossible to determine, with much coufi
clence, the generic affinities of shells. I have, therefore, provisionaJly 
referred it to the genus Fusus, putting in parentheses the name Rep
tunea, with a mark of doubt, to indicate that I suspect it may belong to 
t·bat group, with the limits assigned it by some conchologists. It seems, 
however, quite as probably to belong to Triton·idea, as understood by 
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some. Tbe specific name is given in honor of my friend, \Yilliam .:\I. 
Gabb, the paleontologist. 

Locality and position.-Ooalville, Utah; from Cretaceous beds below 
the lower heavy bed of coal mined at that place. 

FUSUS (NEPTUNEA ') UTATIENSIS, l\1eek. 

Shell of moderate size, short fusiform; spire rather depressed, conical; 
volutions about four; those of the spire a little convex; last one large 
and ventricose, rounded or very slightly flattened around the middle 
and contracted rather rapidly below iuto a narrow canal that is longer 
than the spire, and more or less bent to tlle left; aperture rhombic, 
angular above and narrowed and prolonged into the canal below. Sur
face, (as determined from a cast in sandstone,) with obscure vertical 
ridges, about twelve of which may be counted on the penultimate voln· 
tion, while on the last, or body-whorl, they become nearly or quite obso
lete. (Revolving lines probably all::lo marked the surface of tlle shell, 
though no traces of anything of the kind are seen on the cast, except
ing a shallow furrow above the suture on the volutions of the spire.) 

Ijengtll, including canal, about l.DO inches; breadth, O.Dl inch; angle 
of spire, about 670. 

As in the last, we have not the means of determining the generic 
characters of this species with any degree of certainty, and merely place 
it provisionally in the genus Fusus with Neptunea in parentheses to in
dicate that it may be found to belong to that group. It is a rather 
decidedly larger shell than tbe last, with a distinctly less elevated spire, 
an<l more obsenre vertical ridge or varices. 

Locality an(l position.-Ooalville, Utah ; from" Chalk Ilill," considera
bly above the lower heavy bed of coal mined there. Cretaceous. 

TURBONILLA (CHEl\lNITZIA ~) COAL VILLENSIS, l\Ieek. 

Shell elongate-conical; volutions ten or eleven, moderately convex; 
last one not much produced below, rounded or sometimes obscurely sub
angular around the middle; suture well defined; aperture rbombic
suboval, being angular above and apparently a little so below; inner 
lip slightly thickened, ratllerdeeply arched, a little reflected, and closely 
appressed below; outer lip thin. Surface or11amented by ratlwr strong, 
simple, regular, nearly or quite straight vertical ridges, crossed by regu
larly disposed revolving lines, (about ten or elm·en of the ridges au<l 
five or six of the revolving lines being seen on each volutioll of tlle 
spire;) wllile only the revolving lines are continued below the middle 
of the body volution. 

Length of a large specimen, 1 inch; breadth, 0.40 inch; angle of 
spire, from 200 to 250. 

None of the specimens of this species yet seen are quite perfectly pre
served at the base of the aperture. Some of them look as if there had 
been a slight angularity there, wllile others, differing in no other respect, 
present appearances tha.t leave room for doubt on this point. In some 
of its characters this shell reminds one of the fresh-water Goniobasis, to 
which I was at one time much inclined to refer it, and I am hardly 
quite sure 3·et that it may not have to take the name Goniobasis Coal
villetzsis. Many authors refer very similar shells to Chemnitzia, but it has 
not so large and produced a body volution aud aperture as the forms 
to which Mr. Conrad and Dr. S_toliczka propose to apply that name.* 

*The genus Chentnifzia, d'Orbigny, as originally p1·oposed, is generally reganled as syn
onyms with Tm·bonilla, Risso; but d'Orbigny himself, at a la-ter date, seems to have 
designed to uso it for another group. 
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If found in any of the Palreozoic rocks, most geologists would refer it 
to Loxonema of Phillips. Whether or uot the nucleus or apex of its . 
spire was covered as in the typical species of Turbonilla I have been 
unable to rletermine. It is a far larger shell, however, thau the species 
upon which that genus was founded. 

Specifically, th1s shell seems to be related to Turbon'illa Spillman-i, 
Conrad. (Jour. Acad. N. S., vol. iv, new series, Pl. 46, Fig. 28,) but its 
vertical folLls or costm are straighter, less crowded, and less numerous, 
while its revolving lines are smaller and more numerous. Its aperture 
also certainly differs in being decidedly more angular above, and proba
bly somewhat so below. It may likewise be compared with Scalaria 
JJfa.Bwwsonii, Gabb, from Cretaceous rocks of California, from which it 
differs in having less convex volutions, or less roun<led aperture, less 
crowded vertical ridges, and more distiuct and coarse revolviug lines. 

Locality and position.-Coalville, Utah; from below the lowest heavy 
bed of coal at that locality. Cretaceous. 

EULil\fA FUNICULA, Meek. 

Shell subterete or elongate-conical; spire regularly tapering from 
the middle of tue body volutiou to the apex, or with very slightly convex 
slopes; volutions about twelv·e, flattened; last turn not mueh enlarged, 
subangular around the middle; suture merely linear; aperture ovate or 
rhom bic-subovate; inner lip slightly thickened aud reflected. Surface 
smooth. 

Length, 0.65 inch; breadth, 0.20 inch; divergence of slopes of spire, 
abor1,t 19°. 

This shell has much the appearance of a slender N-iso, but it certainly 
wants tlJe umbilicus seen in tlJat genus; its axis 11ot being in the 
slightest degree perforated. It is e\en more like some reeent species of 
Eulimella, and may possibly ba\e to take the name Eulimella funicula 
whe11 its generic characters can be more clearly determined from the ex
amination of good specimens. The best examples I ba,Te seen do not show 
the extreme apex of the spire, or vel'y clearly the form of the aperture. 
So far as can be determined, however, its columella uoes not seem to 
present tbe straightness seen in Eulinwlla. I know of no closely allied 
Cretaceous species. 

Locality and position.-Cretaceous, at Coalville, Utah. 

EULIMA ~ CHRYSALLIS, Meek. 

Shell !:lmall, elongate-subconoid, or subfusiform; spire conical; vo
lutions about eight, flattened nearly to the slope of the spire; suture 
nearly linear; apertur@ subo\·ate; inner lip a little reflected aud mod
erately arehed; outer Jip unknmv11 ; surface smooth. 

Length about 0.29 inch; breadth, 0.12 inch. 
I am by no means sure this is a true Eulima., not having 8een an.v 

specimens showing very clearly the form of the apertnre, or the nature 
of the outer lip. lt has the general aspect of that genus, howeYer, and 
may be placed there provisionnJiy for the present, until better speci
mens can be obtained for study. It will be at once distinguished 
from tbe last, by its less produced spire, less numerous volutions, and 
proportionally larger body-whorl. 

Locality and _position.-Oarleton's coal-mine, near Coalville, Utah. 
Cretaceous. 
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EULIMA ? INCONSPIC OA, Meek. 

Shell small, conoid-subovate; spire conical; volutions. eiglJt or nine, 
a little convex and compactly coiled; suture distililct; aperture appar
ently subovate; surface smooth. 

J.1ength, 0.17 inch; breadth, 0.07 inch; spire with straight slope that 
diverges at an an angle of about 220. 

This is another form that I only refer with great doubt to Eulima, the 
specimen not being in a condidou to show the exact form nud nature of 
the apeTjure. It will be ready distinguished from the last by itH more 
conve1: volutions, proportionally shorter spire, and more expanded body
whorl. It is probably not a Eulima. 

Locality and position.-Same as last. . 

MELAMPUS ANTIQUUS, Meek. 

Shell subovate, thin; spire moderately prominent, conical, and abruptly 
pointed; volutions, about eight; those of the spire very short and nearly 
flat; last one large; widest above and tapering below; suture shallow, 
with a slightly impressed line a little below it, around the upper margin 
of each volution; aperture narrow; columella and inner lip provided 
with four very prominent laminre or folds, with sometimes one or two 
smaller ones above tlJese, near the top of the aperture; outer lip thin 
and strengthened by a few tranverse ridges within. Surface showiug 
only five obscure lines of growth and presenting a somewhat polished 
appearance. 

BPiglJt of a small specimen, 0.43 inch; breadth, about. 0.27 inch. 
I have ouly seen yery imperfect specimens of this shell, but, taken 

together, they give a correct idea of nearly all of its characters. Some 
of them are three or four times the linear dimensions of that from whicll 
the above measurements were taken . 

.Among the specimens from the same locality and bed, there are some 
very large broken examples, too imperfect for detailed description, that 
seem to belong to a more elongated species, with a more produced spire 
than that described above. Tllis form, however, as far as its characters 
can be made out, appears to agree with the foregoing in nearly all other 
respects. If distinct, it might be called ilf. IJlonga,tus. 

Locality and position.-Carleton's coal-mine, near Coalville, Utah. Cre
taceous. 

VALVA1'A NANA, J\feek. 

Shell small, depressed subglobose, or subdiscoidal; spire depreRRed; 
volutions three and a half, rouqded; suture deep; umbilicus compara
tively small; aperture rouuded suboval; surface nearly smooth or only 
showing fine obscure lines of growth under a magnifier. 

Breadth of largest specimen, 0.12 inch; height about 0.08 inch. 
Compared with V. subumbilicata, l\'1. an<l H., from t~e Tertiar,y lignites 

of the Upper Missouri country, this little shell will be readily dis
tinguished, b;y its smaller umbilicus, more promincut spire, aud more 
O\'al aperture. It also has a smaller umbilicus and a less rounded 
aperture than the recent V. sincera. Its spire is more depresse.l, its 
aperture more oval, and umbilicus rather smaller than the living species 
V. tricarinata, var. simplex, Say. 

Locality and position.-Oarleton's coal-mine, Coalville, Utah. Creta
ceous. 
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PnYSA CARLETON!, 1\Ieek. 

Shell rhom bic-subovate, attaining a medium size; very thin; spire 
short and small; volutious about three, last one very large, or forming 
near nine-tenths the entire bulk of the shell; aperture unknown; sur
face showing rather obscure lines of growth. 

t Length, 0.56 iuch; breadth, 0.35 inch. 
The only specimen of this species I have seen is somewhat imperfect, 

· .and so connected with a portion of the arenaceous matrix that its 
aperture and columella cannot be seen. It seems to have most nearly 
resembled such recent species asP . .Lordi, Baird, in general form. I 
should not have attempted to name and characterize the species without 
seeing the columella and aperture, bad it not seemed desirable to call 
attention to it as the first ~pecies of the genus hitherto found in the 
well-marked Cretaceous strata of tllis country. 

The specific name is given in honor of l\1r. Benjamin Carleton, the 
gentleman wbo owns the coal-mine at which the specimen was found, 
and assisted us in collecting the fossils fonnd at the same. 

Locality antl position.-Carletou's coal-mine, near Coalville, Utah, in a 
Cretaceous be<.I, associated with Unio, Ca,rrZimn, Inoceramus, Anomia, 
Neritina, and other marine and fresh-water shells. 

Species /rom the Bitter Creek series. 

0STREA WYOMINGENSIS, Meek. 

Ostrca Idt·iaensis f ? Meek, 1872. Hayden's Geological Report, Montana, &c., p. 375, 
(not 0. Idriaensis, Gabb.) 

Ostrea Wyorningensis, Meek, 1872; ib. 

Shell attaining a moderately large size, rather compressed, sulJovate, 
or trigonal-subovate, being pointed at the beaks, and more or le::.-;s 
rounded at the opposite extremity. Lower valve usually rather shallow; 
beak generally somewhat acutely pointed, undistorted, and nearly al
ways curved UJ!Ward at the extremity; ligament area comparatively 
small, trigonal, with the longitudinal furrow and transverse strire well 
defined; posterior lateral margins flattened, and rather broad, in conse
quence of the lateral expansion of tue imbricating laminre of growth; 
muscular scar comparati\·ely small; surface with only irregular imbri
cating but not strongly projecting 1amime of growth. Upper valn~ 
smaller than the other, nearly flat on the upper side and slightly con
cave within; beak less pointed than in the otller Yalve, being usually a 
little truncated at the extremity, which is straight or nearly so; liga
ment area of the same size and nearly tlle same form as in the other 
valve, excepting that it is not curved, but directed obliquely upward 
and backward, and has its anterior. marg-in forming a transverse ridge, 
as usual most prominent in the middle at tbe end of tbe mesial longi
tudinal ridge, which is rounded, or somewhat flattened, an<l continued 
to the point of the beak; posterior lateral margins thickened in adult 
shells, and only rarely showing slight traces of crenulations; surface as 
in the other valve. 

Length of large examples from beak to anterior extremity, 6 inches; 
breadth, 4 inches. .Average-sized specimens are generally a little nar
rower in proportion to length. 

In Dr. Hayden's report of 1872, I referred this oyster with much 
doubt to 0. Idriaensis, Gabb; but at the same time expressed tlw opin
ion that it would probably prove to be a distinct and undescribed species, 
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and suggesting for it the name 0. Wyomingensis, in case further com· 
parisons ~houl<l confirm this suggestion. Since that time I have bad 
au opportunity to see many other examples of it at the locality, as well 
a"l to examine specimens of the Californian shell in the collection at San 
Francisco, and no long·er have any hesitation in regard to the form here 
under consideration beiug specifically distinct. Its lower valve has con 
stantly a much more pointed, produced, and upward-curved beak; 
while none of the large number of specimens have the binge and beak 
distorted laterally, as is not uncommouly the case in that species. It 
bas more nearly the characters of the common recent 0. Virginiana, and 
0. borealis. but also oiffers from these in having the beak of its lower 
valve constantly morecpointed and produced, as well as curved upward 
instead of being merely straight, or irregularly distorted. Another 
marked and constant difference is, that it always bas its muscular scars 
<leci¢ledl,y smaller, iu individuals of corresponding sizes, than we see in 
the recent shells; while it never shows any traces of the longitudinal 
ridges or plications often met with in the latter. 

Locality and position.-Point of Rocks, vVyoming Territory, where it 
is Yery alnmdaut in a thin beu just a !Jove the upper of the four beds of 
coal observed near the tops of the bills there. Bitter Creek series. 

ANOMIA. (PL..A.CUNOPIS 1) GRYPHORHYNCHUS, Meek. 

Anomia g1·yphorhynchus, Meek, 1871. Hayden's Annual Report, p. 375. 

CoiQpare Ostrea anomiwjormis, Roemer, 1852. Kreid Yon Texas, p. 75, tab. ix, fig. 7 a.-e. 

Since describing this little Rhell in the report cited above, I have had 
an opportunity to examine a very large number of specimens at the lo
cality, alld after returning borne; aud from these collections a fuller 
and more accurate description is given below. 

Shell (for an Anomia) of medium size, thin and pearlaceons, a little 
obliquely subovate, or more or less orbicular in outline, usually some· 
what narrowed toward the beak, and more broadly rounded at the op
posite margin, often rather convex, but variable in this respect; cardi
nal margin arcuate transversely, or very slightly truncated, scarcel.v 
thicker than other parts of the shell, and without any proper marginal 
cartilage-facet. Upper valve, (assuming the sllell to be an Anomia,) in 
the more ventricose individuals, with the umbo somewhat attenuated 
and cnnTed so as to present the appearance of the under valve of a 
Grypluca., excepting that the obtuse immediate apex is not quite mar
ginal. Surface usually appearing smooth, but in well-preserved speci
mens (especially those most depressed in form) sometimes very f~1int 
traces of fine radiating strire, aud thin raised lamellre of growth, may 
be seen. No scars of attachment observed on any of the specimens. 

I..~ength and breadth of an orbicular specimen, 0.83 inch; con ''exity of 
same, 0.33 inch; breadth of an oval specimen of the same length, O.G3 
inch; while there are all gradations between these extremes of form. 

In first describing this species, I was unable to see any traces of mus
cular scars, in any of the specimens then studied, but many of those 
since collected show them very cle~rly. They are precisely as in Anomia; 
that is, there are four impressions, one small one by the side of a little 
submarginal cartilage pit, close up under the beak, and three others 
near the middle of the valve, tlle largest one of the latter being nearest 
the cardinal-margin, and the two smaller ones just below the large one: 
These three central scars are more or less nearly circular or oval, anu 
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usually distinct from each , other, but sometimes in contact or a little 
blended together. 

As the specimens from which the foregoing description was drawn up 
agree so exaetly · with the upper valve of Anomia, both in all internal 
and external characters, it may be asked, why should there be any 
doubt in regard to the shell really belong-ing to that genus~ The rea
son for doubt on this poill't is, that among thousands of perfect separate 
valves, not a single one with the usual perforation for the passage of 
abyssal plug, such as we always observe in the under valve of Anomia, 
is to be seen. While at the localit.y~ diligent gearch was made, among 
vast numbers of well-preserved separate valves, for ~orne traces of such 
a perforated valve, without success. It is true we found a few much 
depressed valves, some indeed quite flat, but all alike entirely without 
any perforation, or even emargiuation. These few flat valves found 
usually have the cardinal margin a little more truncated than the others, 
but agree well with them in size, general outline, texture, surface-mark
ings, and their muscular impressions, as well as in never having their 
more depressed beak quite marginal. No two specimens, however, 
were found united in such a manner as to show that the flat and convex 
valves belong to the same individuals. Yet it is worthy of note that if 
these flat and slightly convex valves are not the opposite valves of the 
ventricose deeper ones, we must view all of the countless thousands of 
in(lividuals, almost entirely composing a bed 18 inches to 2 feet in thick
ness, as upper valves only, (assuming the fossil to be an Anomia,) and 
believe that, by some unaccountable agency, these were deposited here 
together, without the admixture of any of the opposite valves. At one 
time I was inclined to think this shell might belong to Morris and L.v
cett's genus Placunopsis, which, it will be remembered, agrees with 
Anomia, excepting in having no sinus or perforation in the lower .vahTe; 
and it is possible that this may be the case. There are, however, some 
objections to this view. In the first place, Placunopsis bas not, I be
lieve, been found above the Oolit~, while the bed in which the fossil 
under consideration occurs, if even Cretaceous, must belong to the uppt>r 
part of that system. Again, the fiat or depressed specimens, that this 
view would require to correspond to the under valve of Placunopsis, are 
found, on critical examination, to have their slight obliquit-y in the same 
direction as that of the deeper valves, instead of the reverse, as would 
be the case if the two forms are the opposite valves of the same shell.* 

From these facts, and the exact agreement in the number and ar
rangement of the muscular imJ?ressions in all of these speciwens, it 
seems more probable that they are all the same valve of tbe shell, va
rying in their convexity in different individuals. This, it is true, would 
leave unexplained the cause of the entire absence of any of the oppo
site or lower valves, whether it be an Anomia or a Placunopsis. Still, 
it is well known that currents sometimes perform curious freaks, in the 
way of assorting from other material and depositing objects of like 
kinds together. 

In most respects, this shell agrees so nearly with Ostrea anomiceformis, 
of Roemer, (Kreid. Von Texas, p. 75, pl. ix, fig. 7 a-e,) from the Upper 
Cretaceous of Texa~, that I have even suspected that it might be the 
same. His figures, however, represent a rather more attenuated beak 
of the convex valves, and less obliquity, both in the convex and flat 
valves. A much more important ditference, supposing his figures to be 

~ I mean that the obliquity is in the same direction, viewing the two forms botlt in 
the :~ame way either lookiug at the interior or exterior. 
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exact in all respects, is to be observed in the muscular impressions, 
there being only one central impression represented in his Fig. 7 e, 
instead of three; though above this, he shows t.be same kind of a little 
transverse cartilage 1 pit, aud small round impression by itH side, seen 
in our shell; only both are placed farther in from the margin. Still, as 
the larger central scar of his figure shows some slight indications of 
division, and the three central scars in our shell are sometimes in con
tact, I should not be surprised if a critical comparison would show that 
there are no real- differences between the muscular impressions of the 
Texas shell and that under consideration. That our shell is not an 
oyster, however, is clearly evident, from its muscular impressions, as 
well as from its want of a marginal cartilage-facet, and never having its 
beaks quite marginal. From the same submarginal charaeter of the 
beaks in the form figured by Roemer, and its want of a true marginal 
cartilage-facet, as well as from its general physiognomy, I do not he~;i
tate to express the opinion tha~ it is not a true oyster. vVhile looking 
through the California State geological collection, at San Francisco, 
last summer, I saw specimens of a shell eitller identical \Yith t!Jat here 
described, or very closely allied to it, marked "San Diego, Cretaceous, 
Mr. Morse, collector." 

Locality and position.-Two miles below Point of Rocks, vVyomiug. 
Bitter Creek series. 

CORBICULA (VELORITINA) CYTHER.IFORMIS, M. and H. 7 

Cyrena (Corbicula ~) cytheriformis, M. aud H., 1860. Proceed. Acad., May, p. 176. 

The shell I here refer with doubt to the above species is certainly a 
very closely allied form, if not the same. About the only external 
difference I have been able to see, on comparison with the types of the 
0. cytherijor1nis, is that specimens here under consideration usually have 
the beaks rather more elevated, a little more pointed, and slightly less 
oblique. Their posterior dorsal slope is also a little straighter in most 
specimens. On examining a considerable numberofindividnals, however, 
they are found to vary more or less in most of these cllaracters, so that 
if there are no differences in the hinge and interior, the sliglJt external 
differences may be only such as migllt be produced by local conditions. 

Of the form under consideration, we have specimens showing perfectly 
the binge, and muscular and pallial impressions, as well as all of the 
external characters. These sllow that the cardinal teeth have the back
ward obliquity of the t~'pe of the group Veloritina, and tllat tile laterals 
are elongated nearly as in OorbiC'ltla, though not quite so long, nor so 
distinctly striated; and that the posterior lateral is separated, by nearly 
its own length, from the posterior cardinal. The binge characters are, 
therefore, almost exactly intermediate between Oorbicula and Veloritina, 
the chief difference from the latter group being the slender elongated 
character of the anterior lateral tooth, as in Corbicula. U ufortuuately 
we have no specimens of the typical 0. cythorijorrni8 showing the lliuge 
clearly enough for minute comparisons. I suspect, however, that specific 
differences will be found between the hinge of that form and the speci
mens under consideration. Both have the pallial impression provided 
with a shallow rounded sinus. 

Locality and position.-Point of Ror.ks, on Bitter Creek, Wyoming, 
near the bottom of section seen there; as well as at a much higller llori
zou, at Black Butte Station, on. the Union Pacific Railroad, vVyomiug.· 
Bitter Creek series. 
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CORBICULA ~ FRACTA, var. CRA.SSIUSCULA., Meek:. 

Corbicula? fracta, Meek, 18i0. Hayden's ~'lnnual Report for that year, page 314. 

This shell agrees so very closely in form and size, as well as in its 
hinge ~wd pallial and mnsculqr impressions, surface, characters, &c., 
with the species I have described in the report above cited, from the 
shale over one of the•Hallville beds, under the name Oorbiculafracta, 
that it hardly seems proper to separate it specifically. Yet, iu the thick
ness of the substance of these shells from the two localities and horizons, 
there is a very marked difference; those from Hall ville being extremely 
thin, even in the largest specimens, the thickness not measuring more 
than from 0.02 to 0.03 inch, while in examples of corresponding size of 
those here nuder consideration, it measures from 0.10 to 0.12 ineh in 
thickness. The latter also seem to be mo.re convex, but the Hall ville 
specimens being generally more or less flattened between the laminre 
of the shale, .it is difficult to know exactly bow far this want of convexity 
may be due to accidental pressure. 

I am aware that shells found in argillaceous shales are usually thinner 
than examples of the same species from more calcareous deposits; but I 
have never seen a difference of this kind so strongly marked in specimens 
certainly known to belong to the sar~e species. This thicker shell is, 
therefore, placed here provisionally as a variety of C. fracta, under the 
nam~ crassiusculc(;, which it can retain iffurt!1er comparisons should show 
it to be specifically distinct. 

In describing the species 0. fracta,, I noticed several points of differ
ence between it and the characteristic forms of Corbicula and Cyrena, 
and suggested for the group of which it may be regarded as the type 
the subgeneric name Leptesthes. The peculiarities ment'ioned were the 
extreme thinness of the shell, and. its very elongated depresseu form. 
The specimens here under consideration show that tlle thinness of the 
sllell is not a constant character, though they at tlle same time show tllat 
this type presents other more important differences, of which I had seen 
indications before, but which I did not mention especially, because tlle 
specimens then seen were not sufficiently well preserved to permit these 
ebaracters to be clearly defined. They are differences in the hinge. 
For instance, although tlle primary teeth do not dif:l'er materially from 
those of Gorbicula and. Cyrena.,, the anterior lateral tooth differs from 
that of Cyrena in being linear and elongated parallel to th~ hinge-mar
gin, as well as slightly striated, thus agreeing with the corresponding 
tooth of Corbicula. Its posterior lateral tooth, however, on the other 
hand, is more nearly as in Cyrena, being shorter than in Corbicula, and 
placed very remote from the cardinal teeth, while the intervening cardi
nal margins are wide, flat, and, when tlle valves are united, close fiUing. 
Yet this tooth is also stria.ted as in Oorbicula, though less distinctly . 
.Again, the ligament is also decidedly longer than in Corbicula, or than is 
usual in Cyrena, and also less prominent, tllere being apparently no 
elevated fulcrum for its attachment. The pallial line shows a shallow 
subsemicircular sinus. 

It will thus be seen that these shells combine some of the characters 
of both Cyrenc(; and CoFbicula,, without agreeing exactly with either. It 
is well known to paleontologists, however, who have studied fossil
shells of these groups, that there are many species that show interme
diate characters between these genera, so that some eminent authorities 
do not admit the genus Corbicula, but place the whole under Cyrena. 
Should this view prevail, the forms here under consideration might JJe so 
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disposed of. Still, even in that case, it would seem desirable and con
venient to separate them subgenerically, by writing the name Cyrena 
(Leptesthes) fracta. If the two groups Cyrena and Corbicula., however, 
are to be regarded as distinct genera, there would be nearly or quite 
as good reasons for so regarding Leptesthes as a genus. 

Locality ctnd position.-Black Butte Station, Wyoming, upper beds. 
Bitter Creek series. 

CORBICUL.A. (VELORITIN.A.) BANNISTER!, 1\ieek. 

Shell of about medium size, subglobose, the valves being very con
vex and subcircular in outline; ventral margin forming a regular semi
circular curve; anterior and posterior margins nearly equally, and more 
narrowly, rounded; dorsal outline declining distinctly from the beaks, 
the anterior slope being more abrupt and concave in outline, and 
the posterior very convex, with the posterior dorsal margins of the valveR 
inflected so as to form a deep, rather broad sulcus when the valves are 
united; beaks prominent, ventricose, incurved, contiguous, and placed 
about one-third the length of the shell from t,he anterior margin; lunu
Iiu region impressed ; surface ornamented with fine lines and small but 
rather distinct, somewhat regularly arranged, concentric ridges and fur
rows. (Hinges and interior unknown.) 

Length, 0.87 inch; height, 0.83 inch; convexity, 0.66 inch. 
This is a very neat, symmetrical shell, readily distinguished from the 

other species yet known from the rocks of this regiqn, by its short, very 
convex form, and rather distinct, regular, concentric ridges and furrows. 
In one character it agrees with C. Durkeei, from the brackish-water beds at 
Bear River City, more nearly than any other species I have yet seen. 
That is, in having the posterior dorsal region of its valves strongly 
inflected, so as to form a deep, broad sulcus or escutcheon along this 
slope when the valves are united. Its rounded, ventricose form and 
stronger concentric markings, however, readily separate it from that 
shell, from which it also differs in being much smaller, while its gibbous 
form shows it to be an adult shell. It is also related to C. occiilentalis, 
M. & H., from the estuary beds near the mouth of Judith River, but it is 
more rounded in outline, more gibbous, and differs in the inflected char
acter of its posterior dorsal region, its stronger surface-markings, and 
more impressed lunule. I have not yet seen its hinge or interior, but 
from its general external characters, I have little doubt that it belongs 
to the section Veloritina. 

The specific name is given in honor of Dr. Henry M. Bannister, wh<i 
discovered the only specimen of the species I have seen. 

Loca.lity and position.-Bitter Creek series, Black Butte Station. 
Wyoming at the same horizon as the large saurian found there. 

CORBUL.A. UNDIFERA, Meek. 

Shell of moderate size, trigonal-subovate, rather convex, the inequal 
ity of the valves not being very strongly marked, though always obvi 
ous; beaks moderately prominent, (that of the right valve being only a 
little more elevated than tbe other,) located in advance of the middle, 
contiguous, and in curved, with a scarcely perceptible forward inclination; 
posterior extremity subangular at the connection of its margin with the 
base; posterior dorsal slope more or less convex in outline; anterior 
margin rather short and rounded; base semi-ovate in outline, being 
most prominent anteriorly, and somewhat straightened behind; left 

33 G S 
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valve about one-fourth less convex than the other, with posterior umbo
nal slope distinctly angular from the beak to the posterior basal extrem
ity; right valve with posterior umbonal slope less strongly angulated; 
surface of both valves ornamented with concentric ridges, generally small 
and regular on the urn bonal region, but often swelling out into a few very 
prominent, angular folds with rounded depressions, marked by distinct 
lines of growth, and some small ridges between, on the lower half of the 
valves; all the ridges and folds generally becoming obsolete behind the 
angular, posterior, urnbonal slopes, but continued forward to the front. 

Length of a well-developed specimen, 0. 76 inch; height to top of 
umbo of left valve, 0.56; height to top of same of right valve, 0.58 inch; 
convexity of the two valves united, 0.41 inch. 

The most marked feature of this species i~ its very strongly elevated, 
sharp, irregular, concentric ridges that rise into larger angular folde 
below the middle of the valves, thus giving an equally rugose appear
ance to both valves. 0. perundata, of M. and H., has nearly as strong 
concentric ridges, but they are much more regular, and instead of being 
sharply angular, with rounded, broader spaces between, as in the specie13 
here described, they are broadly rounded, with narrow, angular furrows 
between, on that shell, which also wants the angular, posterior, urn bona] 
slopes of this species. 

Locality and position.-Rock Spring Station, Central Pacific Railroad, 
Wyoming Territory. Upper part of Bitter Creek series. 

CORBULA TROPIDOPHORA, Meek. 

Shell distinctly trigonal, with height a little more than three-fourthE 
the length, moderately convex; valves.snbequal, the right one being only 
a little more convex than the other, and having its beak not much more 
prominent; both with posterior umbonal slopes angular from the beaks 
to the posterior basal extremity, that of the left valve especially being 
very distinctly so, w bile the sides of the valves, (particularly that of the 
left valve,) in front of the angular umbonal slope, are flattened; anterior 
outline truncated with slight obliquity from the beaks to the anterior 
basal extremity, which is subangular or very abruptly rounded into the 
base; posterior dorsal margins abruptly inflected toward each other 
from the umbonal ridge, and forming a nearly straight slope from the 
beaks to the posterior basal extremity, which is distinctly angular; 
pallial margin gently convex in outline from the front to the posterior 
angle; beaks moderately prominent, oblique, incurved, contiguous, and 
located about half way between the middle and the anterior margin. 
Surface ornamented by fine lines of growth, and more or less defined 
ridges and furrows that are usually most distinct on the lower half of 
the right, valve. Cartilage process of the left valve spoon-shaped, rather 
prominent, and larger than the pit by its side for the reception of the 
tooth of the other valve. (Hinge of right valve unknown.) 

Length of a me~ium-sized specimen, 0.72 inch; height to top of beak 
of right valve, 0.52 inch; height to top of same in left valve, 0.49 inch; 
con\exity of the two valves united, 0.33 inch. · 

This shell is very closely allied to 0. subtrigonalis, M. and H., with 
whi.ch I have even been inclined to think it might be identical. The 
typical specimen of that species is a left valve only, sr -that we have not 
the means of maki.ng a very thorough comparis!' Compared with 
this left valve, however, the corresponding valve 01 une form under con
sideration, although agreeing closely in general outline, is seen to be 
decidedly more compressed, has its umbo less gibbous, and not so 
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strongly incurved, while its posterior urubonal ridge is much more 
angular. Its cartilage-process is also larger and more prominent, and 
the pit by its side for the reception of ti.Je tooth of the other valve is. 
proportionally smaller. As the specimen of C. subtrigonalis is evidently 
water-worn, however, the more rounded chnracter of its posterior um
bonal ridge may be in part, at least, due to that cause, though the 
otller difference mentioned could hardly have been so produced. 

Along with the typical specimens of the species here described there 
are separate right valves, apparently of this species, a little larger than 
the corresponding valve of the perfect specimen from which the descrip
tion was drawn up. This valve shows a distinct furrow along the inner 
side of the lower margin for the reception of the edg-e of the other valve, 
which furrow doubtless also exists in the typic:al specimen, but cannot 
be seen because the two vah~es are united. There is also another right 
valve, from the same locality and bed, that is proportionally much 
higher and shorter, and has its beaks almost exactly central, so as to 
present more nearly the outline of an equilateral triangle. This may 
belong to a distinct but allied species; if not, it would indicate a con
siderable variation in the outline of the species described. 

Locality and position.-Point of l~ocks, vVyoming. Bitter Creek series. 

GONIOB.A.SIS ? INSCULPTA, Meek. 

Shell terete, or elongate-subconical; volutions apparently about ten, 
convex, or sometimes flattened-convex, increasing gradually in size; last 
one not much enlarged, and without an angle around the middle, some
times slightly concave above in large specimens; suture well defined; 
aperture unknown. Surface ornamented by distinct, regular, nearly 
straight, or slightly arched vertical costre, about sixteen of which may 
be counted on each volution, while crossing these are smaller regular, 
deep, revolving furrows that cut each rib into five or six little transverse 
nodeR, which, from the obsolescence of the vertical costrn on the low-er 
part of the last turn, become more or less continuous revolving lines on 
that part of the shell. 

The specimens of this species yet obtained are too imperfect to afford 
the means of giving accurate measurements. .Tuclging, however, from 
some of those iu the collection, large adult individuals would seem to 
have attained a length of 1.40 inches, with a breadth of body-volution of 
near 0.50 inch. Some of these larger speciJ;nens, consisting of three or 
four of the lower volutions, show bt1.t aver}~ gradual decrease in breadth 
upward; while some of those composed of the upper part of the shell 
indicate a divergence of about 18° for the angle of that portion of the 
spine. 

As none of the specimens show the aperture, it is not possible to 
determine, from those yet seen, whether this shell really belongs to the 
fresh-water genus Goniobasis, or to some marine genus, although the 
species will be readily recognized l>y its sculpturing. Its only known 
associates are fragments of Ostrea and 1llodiola-, with Oorb~tla wulifera, 
an association that would certainly favor the conclusion that it should 
be referred to a marine genus, in which c;:tse it would most probably fall 
into Bitti~trn, and have to be called B. insculpta. We have, however, 
several examples of unquestionable fresh-wa,ter shells associated w-ith 
marine types, in some of the rocks of this region; while the general 
aspect of this shell seems, as far as known, to associate it with Gonia
basis. The fact, too, tltat :pearly all the specimenH y('t seen are frag
mentary, seems to indicate that the species did uot lh·e in tlw same 
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waters with the other forms found associated with it, but that the speci
mens may Lave been washed into tlle sea from streams on the neigllbor
ing shores. 

In several respects this species :resembles Ce'rithiurn mexicamun, Gabb, 
figured and descril>ed in the California geological report, from the Cre
taceous rocks of 1\'Iexico. It. differs, however, in showing, so far as yet 
kno\Yn, no traces of tlle varices seen on that shell; while the little nodes 
formed b.) tlle erossing of its revolving lines and vertical costm are trans
versely elongated, in:-;tead of rounded, as on the Mexican species, which 
is probauly a OeT-ithium. 

Locality ancl position.-Rock Spring, Wyoming, from a little above the 
main ten-foot ued of coal at that locality. Bitter Creek series. 

l\fELANIA GONIOBASIS (~) WYOMINGENSIS, Meek. 

Shell attaining a rather large size, subterete, or very elongate-conical; 
volntions about nine or ten, the upper ones flattened-convex, and the 
lower two or three more prominent; suture well defined but not deep. 
Surface of upper volutions ornamented by small, regular, rather 
crowded, and slightly arehed vertical costm, crossed by five or six 
regnlar revolving lines, that impart to them a granular or minutely 
nodular appearance; farther down, the vertical costm become less and 
less distinct, so as nearly or quite to disappear on the lo\ver turns, 
wbHe the revolving lines become proportionally stronger, especially one 
a little above the middle of each volution, which develops a revolving 
row of rather distinct nodes that are compressed from above and below, 
so as to become sharply prominent on the lower two volutions, thus 
giving them an angular appearance; though the last one is rounded be
low this angle. (Apertnre unknown.) 

Length, about 2 inches; ureadth, about 0.70 inch. 
It is not probable that this shell belongs properly either to the genus 

Melania or Goniobasis, as those genera are now restricted by the best 
authorities in conchology; though I have little doubt that it will fall 
into JJ!elmda, as defined and understood by tbose who give greater lati
tude to genera. It is probable that when its aperture can be seen, it 
will be found to present characters that would warrant its separation 
under a new generic name. I suspect, indeed, that some others of our 
fossil-shells of this kind, from the fresh and brackish water-beds of the 
Rocky 1\fountain region, will be found to belong to several undefined 
groups; but until better speeimens can be obtained, we can only range 
them provisionally under the established genera to which they seem to 
be most nearly allied. Undoubtedly at some future time specimens 
will be found sufficiently well preserved to enable the paleontologist 
to classify them more correctly. It seems desir·able, however, in the 
mean time, to define them, so that they can be used by geologists in 
identifying strata, as it may be ages before perfect specimens can be 
found; while those we now have can be readily identified specifically by 
their ornamentation and other well-marked characters. 

Loccdity and position.-Black Butte Station, Union Pacific Railroad, 
vVyoming Territory. Upper beds Bitter Creek series. 

TERTIARY FORMS. 

PHYSA BRIDGERENSIS, Meek. 

Shell attaining a large size, subovate in form; spire prominent coni
cal; volutions four and a lJalf to five, moderately con rex last one' laro-e 

. ' b 
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but not very ventricose; suture well defined; aperture narrow-subovate, 
arcuate, acutely angular above, and about twice as long as the spire; · 
columella twisted into a rather prominent fold. Surface with fine sharp 
lines of growth. 

Length about 1.15 inches; breadth, O.G6 inch. 
This is a fine large species, with a more prominent spire than any of 

our recent species resembling it in other respects. None of the speci
mens found are perfectly preserved. 

Locality and position.-Church Buttes, fourteen miles from Fort 
Bridger, Wyoming Territory. Tertiary. 

LIMN.1E.A.1 LIMNOPHYS.A. (~) CO:MP .A.CTILIS, Meek. 

Shell rather small, slender, Eubfusiform; spirP. conical, a little longer 
than the aperture; volutions about six, very little convex, and (for a 
Limnrea) compactly wound together; last one not ventricoRe, but rather 
produced below; suture distinct though shallow, and but little oblique; 
aperture narrow subovate, very narrowly rounded below, and acutely 
angular above; outer lip not. dilated; columella a little twisted, and 
apparently so as to form a small oblique plication. Surface smooth. 

Length of a medium-size specimen, 0.50 inch, breadth 0.20 inch; length 
of aperture 0.22 inch; breadth of aperture 0.10 inch. 

I have not seen specimens of this little shell showing the columella 
clearly enough to be sure that it belongs to the genus Linmcea. There 
is a compactness in the rolling together of the volutions of the spire, 
and a want of obliquity and deepness, observable in the suture, that 
are not often seen in that genus, and remind one of some forms referred 
to sections of the old genus Bulimus, such, for instance, as B. ( Tha'u
mast~ts) californicus. 

Locality and position.-Upper beds of the series exposed at Separation, 
on the Union Pacific Railroad, apparently belouging to the Tertiary. 

PUP .A.~ LEIDYI, l\.leek. 

Shell elavate-subcylindrical, being about three t.imes as long as wide, 
a little wider above the middle than below, and very obtuse at the 
apex; volutions about :fifteen, very compactly coiled together, and ex
tremely 11arrow in their vertical diameter; suture merely linear, and so 
slightly oblique as to appear to the eye almost at right angles to the 
longer axis of the shell; aperture unknown, bnt apparently small. Sur
face ornamented by small, comparatively distinct, regular, crowded, 
oblique strirn of growth. 

Length about 0-55 inch; greatest br('adth, 0.20 inch. 
The volutions of this shell are so compactly coiled, so very narrow, 

and show so little obliquity, as to give it tbe appearance of the abdo
men of some insects, the volutions looking like rings, and the obtuse 
apex of the spire like the posterior extremit.r of an insect abdomen. I 
have seen but two specimens, and neitller of these shows the aperture; 
consequently it is not possible to determine whether or not it is a true 

· Pupa. Indeed its subcylindrical form, and numerous volutions, give it 
much the appearance of Bolospira of Albers, and it is quite probable 
that when specimens showing its aperture can be examined the name 
may have to be changed to Holospira Leidyi. Specifically it rather 
closely resern bles H. Rernoncli, an existing species found at Sonora, 
Mexico. It has a more obtuse apex, however, than that species, and 
also differs in having more narrow and compactly coiled volutions, and 
a less oblique suture. 
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Tile specific name of this interesting little shell is given in honor of 
·Professor Joseph Leidy, the distinguished comparative anatomist of 
Plliladelphia, who discovered one of the specimens from which the 
description was drawn up. 

Locality and positio·n.-Tertiary rocks twelve miles south of Fort 
Bridger, Wyoming 'J.1erritory. 



REPORT 

OF A 

GEOLOGICAL RECONNAISSANCE 
ALO.NG THE 

UNION PACIFIC RAILROAD. 

BY 

H M. BANNISTER, M. D. 





REPORT OF A GEOLOGICAL RECONNOISSANCE ALONG THE 
UNION PACIFIC RAILROAD. 

-The following pages contain an account of a portion of the geological 
reconnaissance made by Mr. Meek and myself in the coal-bearing forma
tions along the line of the Union Pacific Railroad in the summer o1 
1872, in connection with the ·United States geological survey of the 
Territories, Dr. F. V. Hayden in charge. The work comprised the col
lection of fossils from these beds, and taking sections and such other 
notes as would serve for the correct establishment of the various hori
zons in which the collections were made, with a view of obtaining fuller 
data for forming a correct idea of the formations and for the determina
tion of their age. I have, therefore, given a consecutive account of all 
tbe localities visited by us, which are not elsewhere reported on by Mr. 
1\tJ:eek, with our examinations at each; not, however, entering into ques
tions of economic geology, or of general structure, except in so far as it 
appeared necessary for the elucidation of the points in view. In 
In making this report, in addition to those taken by myself, I have been 
kindly allowed the use of the field-notes of Mr. Meek. 

CARBON.-The first locality where we made any examinations was 
Carbon Station, the easternmost point where the coal of this region has 
been opened and extensively worked. Here we stopped a day and ex
amined carefully for fossils in tbe natural and artificial exposures near 
the station. Tbe structure here seemed a little complex, the beds con
siderably faulted and upturned, but we obtained an approximate section 
sufficiently accurate as to the relative location of the different beds 
from which we obtained specimens. The coal appears to lie in a local 
synclinal, the dip of the rocks immediately west of the station being 
from 200 to 30o in a general direction from east-southeast to southeast, 
while on the opposite side of the little basin or trough it was about 
15o to 20o, the direction varying from southwest to west or nortb oi 
west. From the different exposures, and from the testimony of the 
miners as to the beds passed through in sinking shafts, we made the 
following approximate section: 

Section of the strata at Oa,rbon, Wyoming. 

1. Argillaceous shale ............................... _ .. 
2. Coal _ ........ _ . . . . .. . . . ........................... . 
3. Sandstone and sandy shale ........................ _ .. 
4. Argillaceous shale ................ __ . _ ......... _ ... . 
5. Coal ........ _ . . . . . . . . . . . . . . . . __ .................. . 
6. Light-colored sandy and argillaceous shales, with im-

Feet. In. 
8 0 

. 0 6 
59 0 

2 to 5 0 
9 0 

pressions of leaves. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 to 20 0 
7. Coal . _ . ........................................ ; . . · 3 to 5 0 
8. Light-colored sandy shale . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 
!.l. Coal .............................................. _ 4 or 5 0 

10. Light sandy beds, sandstone, and, perhaps, some coal, 
(estimated) ................................. _ .... 40 to 50 0 
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11. Light-grayish sandstone, weathering yellowish or red
dish, and varying much in hardness in different por-
tions, irregularly bedded~ (estimated) ............. . 

12. Thin-bedded, bard, reddish sandstone ............... . 

Feet. In. 

300 0 
50 0 

Theuppermembersofthis section,from 1 to 5inclusive, weregivenasthe 
beds, in their order, passed through in sinking an air-shaft,, and were not 
seen in place by either of us. From an opening made near the railroad
track, which penetrated a portion of these 'beds, a quantity of fragments 
of a laminated, ashy-colored sandstone were thrown out, which were 
quite full of impressions of leaves. These, with similar remains from 
beds G and 8, were all the fossils we obtained, though it was reported 
to us that shells had been fouud in the beds underneath the main coal
seam, No. 5. Number 10 of the section is nowhere well exposed, and the 
thickness of these beds, as well as of those hnmediately below, could 
only· be estimated in a very general way. Number 11 forms the high 
bluff of fantastically-weathered sandstone, which is to be seen on the 
side of the railroad, a little west of the station, and which forms the 
extremity of a ridge stret·cbing away to the north and east. This ap
pears to he the eastern edge of an anticlinal valley, as in the opposite 
ridge, a mile or two distant, the beds seemed to have a reversed dip to 
the west or west-northwest. 

FoRT STEELE.-Our next stopping-place west of Carbon was at Fort 
Steele, where we made some examinations of the strata in the exten
sive exposures along the Platte River, on the southern Ride of the rail
road at this point. The cliffs on the northern side were not visited, as 
they were merely the equivalents of the beds examined, and could only 
present local variations. Owing to a lack of time we also did not visit 
the interesting localities on the railroad east of the station at the fort. 

Passing up the valley of the Plalite from Fort Steele, the vicinity of 
the post for the first mile, or a little more, is occupied by rounded hil
locks of whitish clays, which probably form the lowest of the beds 
which are exposed by the rift of the anticlinal at this point. Beyond 
that distance, however, there appears a series of ridges of harder sand
stone rocks abutting immediately upon the left bank of the river for 
the distance of a mile or more. The hollows, or parallel valleys between 
the ridges, are caused by the erosion of the less resistant intermediate 
beds of sbales or clays. The whole constitutes an immense series of 
heavy-bedded grayish-buff and drab sandstones of various degrees of 
hardness, alternating to some extent with ashy and dark colored shales, 
amounting altogether to several thousand feet. The ~mudstones pre
sented a very well marked jointed structure, perpendicular to the lami
nation, the sloping faces of some of the ridges, when viewed from a little 
distance, appearing like the edges of vertical strata. The dip of the 
ridges along the river was nearly due south-southeast, and the angle 
in the lowest beds about 35°, then gradually increasing to over 40 or 45 
in the middle of the series, and again decreasing to from 15 to 20 at the 
upper limit of our examinations. Beyond that point, the beds appear 
nearly or quite horizontal. A little below the middle of the series we 
found in a bBd of light-colored shale a stratum of about 4 feet in 
thickness, almost entirely made up of imperfect specimens of an Ostrea, 
unidentifiable as to species; the only animal remains found in the whole 
thickness of sandstones and shales. In the upper part of the series we 
observed various seams of dark carbonaceous shale approaching lignite, 
and at least one small seam of coal, but without associated fossils, other 
than indistinct vegetable remains. In the heavy sandstone-beds we 



GEOLOGICAL SURVEY OF THE TERRITORIES. 523 

observed in several places a curious branched fucoidal impression, (Hctly
menites,) which was afterward noticed by us in sandstone-beds at vari
ous localities farther west. .As far as is indicated by the fossil remains 
found by us, there are no grounds for rendering any positive opinion as 
to the age of this series; the lower clays, however, have been deter
mined, from fossils from that horizon, to belong to the Cretaceous, and 
it is not impossible that these overlying sandstones may either wholly 
or in part he properly referreu to that periou. 

RAWLINGs.-Between Fort Steele and Rawlings, the next station 
west, we made no notes or collections, but stopped several daj·s at the 
latter place to examine the lower formations there exposed. The mount
ain immediately north of the village is mainly composed of light-grayish 
or flesh-colored syenitic granite, above which the sedimeutary beds lie 
tilted at various angles and in different directions on the several sides 
of the bill. Immediately above the granite is a distiuetly stratified de
posit of siliceous conglomerate, passing in places iilto a coarse pebbly 
sandstone, but mainly made up of rounded pebbles of whitish quartz, 
rarely over one inch in diameter, in a siliceous matrix. This passes 
gradually into the beds above; it may be put down, however, as about 
75 or 80 feet at its greatest thickness. .Above this we have between 
300 aml 400 feet of hard grayish saudstone, approaching quartzite, regu
larly bedlled) t·he layers seldom exceediug a foot in thickness. Its color 
on weathered surfaces varies from a light gray to a reddi~h brown, a 
tiuge of the latter color predominating throughout . the whole; on 
freshly fractured surfaces, however, it is generally light gray, or is 
nearly white. The lower and heavier beds are almost a true quartzite; 
this character is less appareut toward the top, and some layers appear 
to be full of rough fucoidal casts, which, however, were too imperfect to 
be of value as specimens. No other fossils whatever were found, in 
spite of a very careful search ; but wbile tbere was nothing absolutely 
characteristic, .Mr. }leek was inclined from their general resemblance 
to undoubted Silurian beds in the western country, as well as their posi
tion anu the character of the contained fucoidal traces, to refer these 
beds to the Lower Silurian, and possibly to its lowest member. .Above 
the sandstone is from 10 to 15 feet of dark colored ferruginous sand
stone, in places coutaining a few pebbles, and e~en approaching the 
charactt.r of a couglomerate. The bed of iron-ore worked on the north
eastern side of the mountain represents, I think, a portion of this 
stratum. The sandstone with its ferruginous capping is well seen in 
the two hills between which tbe railroad passes about a half mile west 
of the statiou, and also in its upper portion at the base of the hill at 
Cherokee Spring, three or four miles northwest of the village. On the 
southwestern corner of tile mountain, the sandstone-beds which form 
the summit of an isolated spur extending in that direction are beauti
fully polished and finely striated from the action of sand carried by the 
wind, the angles of the rock still being preserved. 

Immediately above the ferruginous upper layer of the sandstone is a 
heavy limestone formation, the total thickness of which can hardly be 
less than 300 feet, and is probably much more. It is a hard, splintering 
rock, in places -cherty, generally of a whitish or light-grayish color, but 
with some layers dark bluish-gray. In it we found a specimen or two 
of an Athy'ris closely resembling, if not iuentical with, A. subtiUta of the 
coal measures; indeed, there seems to be no doubt as to the carbonifer
ous age of this rock. This limestone appears on the northeastern slope 
oftbe mountain for about 100 feet of its lower portion, and can be seen 
in ridges on the plain at its base. It also caps the hills, between which 
the railroad-track passes just west of the station, and is also shown in 
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its full thickness in the hills near Cherokee Spring. Above the lime
stone is a light buff or yellowish sandstone weathering into thinlamime 
in the exposures which outcrop in several places in the hills south of 
the railroad near the station, but we did not measure its thickness nor 
see its point of junction with the ueds below. The vertical distance 
between the highest outcrop of this rock visited by us and the base of 
the limestone we estimated at from GOO to 800 feet. 

The rocks above the granite dip to all points of the compass, from 
nearly north on the northeastern face of · the mountain, around by east 
and southeast, to southwest in the hills near Cherokee Spring. In tile 
hills near the station it is about 10° southeast, and is continuous on 
both sides of the curious gap through wh.ich the railroad passes. It 
increases in angle in the higher sandstone·beds, above the limestone, 
which I have mentioned as outcropping in tile hills south of the rail
road, being there not less than 200 or 30°, still preserving, however, the 
same direction. At Cherokee Spring the beds are also tilted at a high 
angle, varying from 200 to 30o, apparently greatest in the lower saud
stones. In the northeastern exposures on the long slope of the mount
ain it was slight, not averaging over 100 or 120; in direction, ranging 
from south of east to nearly north. 

SEPARATION.-We did not attempt to make thorough examinations 
at Rawlings, or to work out the connection between these lower forma
tions and the Cretaceous, as more time would have been required for 
this than we could have well given. We therefore passed on to Separa
tion, the next stopping-place to the w~stward, where we spent one day. 
·.rhe station is situated in a level country with no very prominent expos
ures of rock in place nearer than a mile and a half or more. At that 
distance, however, in a direction a little south of east, we reached the 
first of a series of low ridges extending across the country in a general 
north and south direction, compo~etl of ·thin-bedded sandstones dipping 
at an angle of from 10° to 15° to tile west, or a little north of west. 
These ridges are caused by the harder sandstone-beds standing out 
prominently from the softer shales and clays which form the great mass 
of the beds here. Walking directly across the dip we passed over 
eleven of these ridges in the estimated distance of somewhat less than 
two miles, the valleys between, as a general rule, affording no expos
ures. At that distance the series of low ridges ended in a high sloping 
bluff of heavy-bedded, grayish -buff sandstone, faced in part with a 
largely eroded blui:sh-white bed. vVe noticed ten different seams of 
Carbonaceous shale or coal in the ridges, some of which doubtless 
represent workable beds. In the upper part of tile first ridge, in the 
highest beds of the series, we collected specimen~ of lea yes of deciduous 
trees, which were very abundant in some of the thin layers of sand
stone. The only other fossils we obtained were fouud in a six-inch bed 
in the second ridge, from which we obtained specimens of fresh-water 
shells, Lyrnnma, Vivipar~ts, Goniobasis, anfl Tlnio, nearl.r all fragmentary 
or in a poor state of preservation. The more eastern ridges, the beds 
of which are lower in geological position, afforded no remains whatever, 
either animal or vegetable, to sueh search as we were able to give. 

At one point on the plain between the first ridge and the station, sand
stone-beds appear at the surface, but with a very much reduced angle 
of dip, apparently scarcely over 30 or 40, the direction still toward tbe 
west. The strata appear to assume a horizontal position very rapidly 
in that direction. Taking the average of the angle of the dip at any 
point from 10° up to 15°, between which it probably ranges, perllaps 
even exceeding the latter figure, it will readily be seen that an immense 
thickness is included in these ridges, not less than 1,800 or 2,000 feet. 
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Adding to this several hundred feet of beds not well exposed, but which 
must intervene between the westernmost ridge and the point where the 
dip ceases and the strata become horizontal, we have, at a moderate 
calculation, from 2,100 to 2,500 feet of the8e whitish clays and darker 
shales and sandstones above the heavy-bedded sandstone in the bluff 
which formed the lowest geological horizon in our hurried examination 
at tbis point. We have no positive evidence a~ to the character of the 
intermediate beds between the more widely separated ridges, as the 
wash from the elevations and· surface-soil covered all the evidences of 
stratification. An artesian boring at the station gives a record ot 
alternations of clays, shales, and soft arenaceous beds for some 540 feet, 
which is probably the usual character of the softer beds generally. 
The greater part of this thickness is probably of Tertiary age; the lower 
portion, however, may belong to the upper part Qf the Cretaceous. 
There are no posittve evidences of any unconformability, notwithstand
ing the sudden lessening of the angle of the dip, and no recognizable 
horizon of separation of the two formations in the whole series above 
thP heavy sandstone. 

BITTER CREEK.-From Separation we passed on by railroad to Bitter 
Creek, making no stoppage at intermediate stations. For the whole 
distance there appf'ared to be only exposures of higher Tertiary beds, 
mostly horizontal, or nearly so, which fill the trough between these sta
tions. At Bitter Creek we stopped over one day and examined these 
upper beds, as they are to be seen in the immediate vicinity of the sta
tion and in the hill known under the name of Table Rock, some four 
miles or more distant. · 

Table Rock is a spur of the range of Tertiary hills which appear for a 
long distance on the southern side of the railroad, and. also to some extent 
in conical outlines to the northward. In its upper portion it is itself an 
outlier, the strata of which this part of the hill is composed having been 
washed away in its immediate vicinity. The section it afforded is as 

· follows, the beds numbered from above downward: 

Section of the beds exposed in Table Rock. 

1. Hard brownish sandstone, largely made up of im-
perfect casts of Unio, &c . _ .. . ....... _ - , ...... __ _ 

2. Shale, partly carbonaceous . _ ...... _ ........... .. . 
3. Light-brownish sandstone, massive and incoherent .. 
4. Sandy shales, light-colored ...................... . 
5. Same as No. 3 .............................. _ ... . 
6. Shaly sandstone, light-brown or buff ............. . 
7. Sandstone, same as No. 3 ........................ . 
8. Light-colored shaly sandstone, with intercalated beds 

of clay and shale ......... :, ................... . 
9. Harder and slightly darker colored sandstone, with 

a great abundance of fossils, &c., .I~elanic(;, Vivipa-
rus, &c., top of first bench .............. _ ...... . 

10. Shaly beds ...... _. __ ........................... . 
11. Sandstone beds, containing Jielania, Unio, &c ... . 
12. Shaly beds, with a few intercalated thin layers of 

harder sandstone, and a four-foot seam of dark 
shale, about midway from top to bottom ........ . 

Ft. In. 
I 

~z ~ 1 

3 0 1 

12 0 (A. 

;g g I 
240 0 j 

I 
12 o I 
25 0 I 
10 0 (B. 

I 
134 0 j 

From the summit of the rock we observed, five or six miles away to the 
eastward, benches composed of beds superior in position to any in 'the 
above section, the thickness of which I roughly estimated at 200 feet. 
The thicknesses of the different members of the section itself are in a 
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g-reat. measure only estimates, as the circumstances were not altogether 
t~l \'orable to the making of accurate measurements. The dip of the 
strata is about east-southeast, from 3° to 5°, apparently diminishing to 
the eastward. 

11l.le bed No. 9 of the section, in some of its thinner layers, appears 
to be almost entirely made up of fossil remains, mostly of a species of 
l\lelaniau, but also a lesser proportion of a species of Viviparus. In 
places where the rock was decomposed the whole upper surface is cov
ered to the depth of an inch or more with the loose casts of these fossils, 
"hich can here be gathered in any quantity, by simply scraping them 
off the ledges. Other layers below, No. 11, a.lso contain namerons 
fossils, but in very much less abundance, and casts of U nio are found 
in large numbers, while they are very scarce in the upper strata. 
Scarcely any fossils were found in the beds other than those specified. 

In the vicinity of Bitter Creek Station, some four or five miles distant 
in a general westerly or southwesterly direction, Mr. 
1\Ieek examined outcrops of some 275 feet of alternat Fig. 54· 

ing beds of soft grayish and buff sandstones and whit- .-..... ·--.-:---_,_---. 
ish shales aud clays, the uppermost of which, judg- _:~i~~~-
ing from the dip and strike, must have been as -_;.=-:::...,_ ___ : 
much as 200feetbelowthelowestmemberofthe ... ---:._-._::.-=-=· 
Table Rock section given above. No fossils .. 
were found except fragments of fossil-wood; 
nothing- to characterize any of the beds. Anr:<. .. ~. :lhlii~ 
artesian boring at the station penetrated ,~~;~~~~~~;;;;_::_:_:_:.: ::::::-·-=--"'=-__, 
445 feet through very similar alterna- . ·-- , .... :.-:-:,-,;~--~~~~: · 
tious of sandstone, shale, &c.; the · 
most noticeable variation in the rec- ,~~~~~~~~f::::::1 
ord, as given, being the occurrence 5 

3&4 

10 

ll 
12 

13 

J4, 

at the depth of 184 feet of an 
18-inch seam of black carbon- -.. 
aceous shale. Between the 

~=---' l!) 

lowest part of the ·- _ _ _ .... ___ __ 

E~t"o~r~~~J!~;f:::;::':JE~;'::>/!i·~·'?':'.::i;:;F(~::S::7:·:~/> ;,:.,~:; 
t h o s e ex · · · · · · · · · · · · · , , · · .. · . 
~mined by-.: .. ::-:·:.:::::::·.:: ·: .:. · ·.: :. :.:. :: ': ·. ·.': :. ·.' : ·, ·.: : .: . · ~ 
J\fr. Meek · .·. ·. : ·. · ·::: · ,' ,' · . ·: : ·::: . .. ·: :. : .' ; : ·. : : : .. 
there i s ·: ·. · : · : · · · : · · · : · · · · · · · · ·. ·. · · · · · · · · · · · · 

1 
· ..... ~. ·. · ..•.•...•• ·. ·. : . . . . . . . . . . • . . • ·. . . . . . .· . :. a on g • . . .. .. . . . . . . . . . . . . . . ..... . 

stretch.·.'::::·.::::··.·.··.:.·.·.·.·.·.·.·.:::··.·.·.·.···. 
of near · ·.· •"• · ·. · · · · · · • · ·· · · · · · · · · · · · · · · . . ·: 

ly level- ;~~~ ~~~ ~~:~~~~ ~:~~; ~ ~: ~~-~ .~: -~~ ~LL~_ 
... 

SECTION AT BLACK BUTTES. 
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country, affording no prominent outcrops by which the character of 
the intermediate beds could be ascertained. 

BLACK BUTTES.-Between the station of Bitter Creek and that of Black 
Buttes, the next to the westward, is a distance of about nine miles by rail-
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road, but in a direct line it is much less, probably not over Reven miles, if, 
indeed, it is that. A straight line between the two points would run almost 
directly across the dip, which will average, in the whole distance, not 
over 50 or 6o, thus giving a probable thickness of the tilted strata, be
tween the stations, of over 2,000 feet. We were unable to make a 
detailed examination for the whole distance; the 275 feet of sandstones, 
&c., examined by J\fr. Meek, would be included in its upper portion, and 
at Black Buttes a detailed section of some hundreds of feet of the beds 
was made by Mr. Meek and myself. Above this section, looking away 
to the eastward, we could see near at hand, from a little eminence, sev
eral hundred feet of alternations of reddish, purple, and bluish-ashy 
shales and sandstones, with a few streaks of black carbonaceous shales, 
and beyond them, in the distance, a great development of whitish beds, 
extending as far as anything could be satisfactorily distinguished by the 
eye. The whole landscape was about as desolate as could well be imagined, 
a series of steep rocky ridges, formed by the upturned edges of the 
harder sandstones, with irregular shallow valleys between. Some of the 
reddish beds suggested, by their appearance, the supposition that their 
color was due to the combustion of lignite beds below, a hypothesis 
which was sufficently verified in numerous other instances in our exami
nation. The succession of the strata will be seen on page 526, Fig. 54. 

Section at B7aclc Buttes Station. 

1. Yellowish gray sandstone, with leaves of palm, (Sabal,) 
&c . - . - .... - - . - - - . - - - - . . . .. - - . . . - . - - ... - . - - - .. 

2. Bluish-ashy laminated clays ........... . ......... . 
3. Thin-bedded grayish and brownish sandstone . ~ ... . 
4. Dar]{ shale_ ...... ............................... . 
5. Bluish laminated clays .......................... . 
6. Red laminated sandstone and shale ............... . 
7. Thin 1aminatedsandstone (6or8inches)andyellowish 

shales ....................................... . 
8. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ _ . 
9. Light-colored laminated sandstone, becoming darker 

below . . . . . . . . . . . . . . . ... _ .. _ ....... _ ... ~ .... .. . 
10. Shale, dark colored below, and lighter and more 

sandy above ..... .. ........................ _ .. . 
11. Light gray laminated, shale, capped with a thin sand-

stone ........................ _ ............. __ . 
12. Coal . . . . . . . . . . . . . .............................. . 
13. Arenaceous shales, with a darker seam near middle. 
14. Coal 4~ feet, with dark shale above and below.~ .... 
15. Shale, darker above, with thin laminated sandstone, 

Oysters .............. _ . . . . _ ........ _ ..... = ...• 

16. Coal and carbonaceous shale ....... · .............. . 
17. Dark grayish ·buff sandstone, containing numerous 

leaves and bones of saurian . . . . . . . . . . ........ . 
18. Shaly beds with thin sandstone lamirrrn ........... . 
19. Coal 2 feet, with carbonaceous shale above and be-

low. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
20. Thin laminated <lark gray and hght shales, contain

ing numerous fossil shells (brackish water) in lower 

Feet. 

10 
1i 
9 

2 
8 

portion; some thin laminrn of sandstone...... . . . . 6 
21. Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1~ to 2 
22. Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ 6 in. to 1 
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23. 

24. 

25. 
26. 
27. 

Feet. 
Soft bluish white sandstone, mostly massive, but in 

places thin bedded ............ - ... · .. - - · - · · - · · • 15 1 
Massive light gray or grayish buff sandstone, in 

places almost dark brown, also becoming laminat- (F. 
ed in parts ............. . . - .. ..... _..... . . . . . . 70 1 

Soft light grayish sandy shales and clays . . . . . . . . . . 12 1 
Grayish buff, massive sandstone .. - .......... _.... 20 \ 
Thin sandstones alternating with grasish shaly clays, . ) 

the sandstones almost entirely disappearing in the (.G. 
lower portion ...•.............. ·. . . . . . . . . . . . . . . . 130 .\ 

370 to 371 feet. 

The above section was mostly made up from Mr. Meek's notes, which 
were more minute than my own, though they agreed together in 
the main. It is serviceable in pointing out the exact horizon of the 
fossils procured here, which were mostly from the thin layers of Nos. 
15, 17, and 20, with some vegetable remains in some of the higher sand
stone layers. Apart from the fossils, the beds in most instances failed 
to afford well-marked horizons, and sections taken on different lines 
over the exposures would show numerous differences in the alternations 
of sandstone, shale, &c., from the one above given. The broken charac
ter of the ridges caused by .the superior hardness of certain strata or 
portions of strata over others, sufficiently indicated this variability. 
The coal-beds themselves, I have reason to believe, partake somewhat 
of this character; in tile section they appeared to be of the thickness 
given, while in some of the openings it wa~ stated ·that a very much 
greater thickness was found. One or two exceptions, however, may 
be mentioned to the general rule: the reddish sandstone, No.6, appeared, 
as far as our examinations extended, to be a pretty con8tant stratum, 
and the heavy sandstones, Nos. 23 to 26 inclusive, with their underlying 
thin laminated grayish sandstones and shales, No. 27, formed a very 
well marked horizon. lt seems quite probable, indeed, that the 
series of buff and whitish massive sandstone here, Nos. 23 to 26, is the 
same as that which appears on the other side of the synclinal, at Sepa
ration, in the heavy face of grayish buff sandstone covered in places 
with a thin stratum of whitish rock, which formed the lowest member 
of the series observed there. The two agree very closely in lithological 
characters, and apparently also in being the first rocks of this character 
met with in passing downwards from the soft fresh-water TeTtiary beds 
which fill the synclinal fold. If this supposition is correct we have one 
pretty definite horizon which will materially aid in determining approx
imately the age of these beds. It is to be regretted that our examina
tions near Separation afforded no fossils from the strata nearest the · 
heavy sandstone. 

The fossils found here, besides the vertebrate remains, were mostly 
from No. 20, and consisted of shells of the genera Ostrea, .A.norn·ia, Cor
bicula, Corbula, Cyrena, Goniobasis? and Viviparus, indicating a brack
ish water fauna, and one decidedly different from that of the sandstones 
farther east. The point where the fresh-water deposits begin, and the 
estuary or brackish-water life ceased, could not be determined, but I 
am inclined to think that it is not very far above these beds, perhaps a 
little beyond the scope of the section given above. Mr. Meek was dis
posed to give ·the separation as very near this point, considering the 
brackish-water deposits most probably Cretaceous, and those above them 
Tertiary. It is possilJle that there is no very definite horizon of separa-
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tion, but that the two shade into each other through perhaps several 
hundred feet of non-fossiliferous sandRtones and shales, and without 
fossils it is not possible to decide the question. In the other beds only 
a few oyster-shells were obtained, but fossil leaves were abundant in 
some, and in No. 17 we obtained some huge reptilian bones. The 
remaining portions of the skeleton were exhumed by Professor Cope 
a little after our visit, and found to belong to a large Dinosaurian, 
for which he has proposed the name Agathaumus sylvestris, and which 
he considers as affording conclusive proof of the Cretaceous age of these 
strata. 

The thin sandstones and clays, No. 27, forming the lowest member of 
the section last given, appear at the base of the bluffs on the northern 
edge of the bottom-lands of Bitter Creek for a distance of two or three 
miles northwest of Black Buttes Station, where there appears below 
them, and apparently dipping unconformably beneath them, a massive, 
bluish-white soft sandstone, with some intercalated clays and harder 
laminre of grayish sandstone. This apparent unconformability is best 
noticed by viewing it from a little distance to the westward, but is suf. 
:ficiently prominent at the point where the two beds appear nearest to
gether, only a lit.tle valley intervening. .At this point the dip of the 
underlying beds is nearly southeast about 18°, while that of the over
lying rocks is only from 5° to 7o, and nearly due east. This unconfor
mability also makes the thickness of these lowest beds of the Black 
Buttes section less at this point than elsewhere; here it appears not 
over 130 feet, while a range of bluffs stretching away to the southward, 
and to all appearance capped with the bea\y sandstone which is seen 
at the station, show a long slope of not less than two or three hundred 
feet of these beds. 

The foltnwing section was taken by Mr. Meek and myself in a wind
ing walk over the hills from a point some six miles northwest of the 
station, to the place where the two apparently unconformable series 
come together, already mentioned as some two or three miles from the 
station at Black Buttes. It was made by walking across the dip, esti
mating or measuring the thickness of each bed. In this manner the 
lowest beds were first met with, but for the sake of uniformity with the 
other local sections given in this report, and for con\enience of refer
ence, I number the different strata in the descending order, commen
cing with the uppermost member already described as underlying No. 
27 of the previous section: 

Section taken between Black Buttes and a point six miles east of Point of 
Rocks. 

1. Soft bluish-white sandstone, with intercalated clays 
and harder grayish laminrn .................... . 

2. Whitish clays and shales with some laminated sand-
stone ...... _ ................• _ ............... . 

3. Coarse grayish and buff sandstone _ .............. . 
4. Whitish sandy clays and dark carbonaceous shale 

with thin seam of coal .. __ ................... .. . 
5. Massive light gray and whitish sandstone ........ . 
6. Whitish sandy clays with some carbonaceous shale; 

traces of coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~ 
7. Grayish buff sandstone, mostly heavy bedded ..... . 
8. Grayish and dark carbonacous shales with appear

ance of coal; fused and burnt red in parts ....•... 
9. Soft grayish sandsto11e with Ostrea .. ............. . 

34 G S . 

Feet. 

l 
90 I 
48 

lH. 6 

20 
I 33 

23 I 37 

20 ~I. 
5 
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Feet. 
10. Dark laminated clays, burnt reddish in places. . . . . . 5 1 
11. Light-colored sandy clays, passing into bluish-white ~I 

12. n!:~1~~g3~ci-~~ddf.sh ~;;d gr~y ~~~d~t~~~; O;t~~~:: 30 t~5 50 j . 
13. Light grayish and sandy clays and shales with seams ~ 

of brownish sandstone, (estimated) . . . . . . . . . . . . . 350 J. 
14. Valley, perhaps 30 to 50 feet; strata unseen. 
15. Light and clark-colored shales, with probably some 1 

thin seams of coal ....... - .... ~..... . . . . . . . . . . . 80 I 
16. Light drab-colored shales with some carbonaceous 

seams, and some thin-bedded, ripple-marked gray. 

17. Bl~~:a~~~t~~-:yis.h ·l~~i~~te.d -~1~;):~ -~ith ~~~~ -~~r~ 64 I 
bonaceous seams, and some thin-bedded sandstone 
layers in uppermost part ................. :. . . . . 75 I 

18. Red_dish brown ~nd gra~ish sandstone: . . . . . . . . . . . . 8 
19. Blmsh and grayish lammated clays with ~:~orne car- · 

bonaceous layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 ~ 
20. Grayish sandstone, weathering brownish . . . . . . . . . . 4 
21. Ash-co~ored sandy clays and shales . . . . . . . . . . . . . . . 12 K. 
22. Browmsh sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
23. Light sandy shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
24. Impure coal or dark carbonaceous shale . . . . . . . . . . . 2 
25. Carbonaceous and grayish shales or clays. . . . . . . . . . 24 
26. Bluish gray concretionary sandstone . . . . . . . . . . . . . . 4 
27. Arenaceous shales or clays . . . . . . . . . . . . . . . . . . . . .. . . 14 
28. Grayish and carbonaceous shales; appearance of 

coal .......................................... . 
29. Bluish arenaceous shales or clays ................ . 
30. Laminated bluish white sandstone and sandy shale. 
31. Gray sandy shale ............................... . 
32. Heavy bedded coarse sandstone, whitish in upper 

portion, and brownish bufl' below ............... . 

8 
13 
20 

3 

130 l 
No. 1 of this section shows signs of having been much disturbed 

locally. In one or two places I not,iced a local dip to the south or south
west. This may, perhaps, be due to a slipping of the beds on each other. 
This disturbance, in connection with that observed at Hallville, here
after to be mentioned, suggested the possibility that the apparent uncon
formability between these beds and those of the previous section might 
in reality be due to a faulting of the strata, with lateral twisting, 
although the appearance as far as our examination extended, seemed to 
favor the contrary view. I am inclined to accept this as the true 
explanation of the appearance as nothing in the character of the rocks 
them~elves, and in the contained fossils, shows any such decided change, 
as might be expected with such an evidence of difference of epoch. 
Apparently the same oyster and a peculiar vegetable impression 
(already noted as seen in the rocks at Carbon and Fort Steele) were 
found in se,veral of the sandstone layers above and below the disturb-
ance. . 

The dip of the heayy sandstone No. 32, at the base, and also at the 
weRtern end of the series, was nearly due east, and not over 6o, while, 
owing to the local disturbance, that of the uppermost bed, at the east
ern extremity, was southeast, and nearly 200. In the intermediate beds it 
would scarcely average over 5° or 6°, with a direction a little south of 
east. There apveared tlli'oughout to be numerous local changes as to 
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degree in the dip, and the total average thickness, though greater, per
haps, than that we have given in our estimates in the detailed section, 
is hardly as much as would be indicated by the angle of the dip at 
numerous points where it was taken. 

HALLVILLE.-The horizon of the Hallville coal is included in thi~ 
section, though the mines themsefves are at least one and a half miles 
distant from any part of the line, and are separated from it by the bot
tom-lands of Bitter Creek. The coal itself could not be recognized, and 
perhaps is only represented by some of the carbonaceous seams noticed 
between Nos. 8 and 20. The surface indications, however, are possibly 
deceptive, and excavations would, perhaps, discover the coal as fully 
developed as at that place. We visited Hallville, and made a rapid 
examination of the surroundings. The mines had not been worked for 
a considerable period, and the place was entirely abandoned at the time 
of our visit. The drifts had partially fallen in, and we were unable to 
procure any fossils from the roof-shales, &c., of the coal; for the same 
reasons, we could not get a very good section of the mines. We no
ticed, however, a considerable local disturbance, including an apparent 
southwesterly dip, at one of the points visited. I have already men
tioned this disturbance in speaking of that noticed at the junction of 
sections 2 and 3; it seems to be altogether local, and certa.inly does not 
exterrd to the corresponding beds on the other side of Bitter Oreek. 
That noticed in No. 1 of the foregoing section, although in a higher geo
logical position, may, as has been suggested, be due to the same cause, 
and simultaneous. In passing eastward from Hallville toward Black 
Buttes Station, we observed at a point considerably higher in the series 
a development of some 40 feet or more of whitish sandstone and sa.ndy 
shale, which could be continued by the eye in the direction of the strike 
across the line of the section, in which it is represented mainly by No. 
5, and perhaps partially by the beds immediately below. This band of 
whitish sandstone and shale, though varying in width as it was traced 
by the eye, formed about the best and most continuous horizon in the 
section. In several cases one of the lignite seams had taken fire along 
its outcrop, and could be traced for a considerable distance by the baked 
and reddened clays immediately above it; but these were not generally 
so continuous over so long a distance, nor were they so valuable in 
determining the relative position of the Hallville beds in the series. 
For the most part, the remarks as to the variability of the characters of 
the rocks which were made in reference to the Black Buttes section 
will apply equally well here. The fossils found, with the exception of 
some leaves of dicotyledonous plants in some of the upper sandstones, 
and apparently the same as those noticed ,in the beds of the Black Buttes 
section, were all from beds Nos. 9 and 12, and consisted of only one or 
two species of oyster. The soft, sandy shale of No. 9 was in places al
most displaced by these shells, which made up, I should judge, nearly 
or quite one-half of the mass of the stratum. 

Passing west from Hallville, the heavy sandstone No. 32 forms high, 
nearly perpendicular bluffs on the right of the railroad, which here 
seems to run nearly along the strike of the great fold across which these 
sections are taken. The cliffs continue to border the railroad to Point 
of Rocks Station, where they open somewhat, and a higher series of 
beds come in view; beyond this place they again close in and continue 
near the track for the distance of a mile and a half or more. The whole 
thickness o~ the beds is much greater than is given in the section, in 
which only their upper portion is included; I have roughly estimated 
it as much as 500 feet. For the most part the blufl"s consist of a coarse; 
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heavy-bedded sandstone, generally light bluish-gray or whitish in color, 
but in places turning to yellowish or eYen reddish urown. It iuclude8 
numerous local bands or seams of shale, grayish drab in color, and in 
parts dark carbonaceous with indicat.ions of coal. The rock itself in 
places pas8es into a coarse sandy shale, and this unequallmrdness causes 
its exposures to assume a peculiarly rugged. and rough appearance in 
many places, huge bastions standing out from the cliffs, and occasionally 
presenting rude resemblances to architectural forms. "'T e found. no 
traces of fossils anywhere in this sandstone, but from the appearances 
I should judge that a more extended examination might discover them 
in some of the intercalated carbonaceous shales. 

PorN'l.' OF RocKs.-In the bluffs near Point of Rocks Station, and 
above the heavy sandstone, are four or five different seams of coal, the 
uppermost one of which must be at least 150 to 200 feet above it. Still 
above this, near the top of the llill, we found a bed containing a great 
abundance of a large species of oyster, different from those found in the 
beds Nos. 9 and 12 of the preceding section. We did not make a close 
examination of the beds here, as their horizon is included in the section 
just described, though they do not correspond exactly in lithological 
characters. The better development of the coal here may be merely 
local; it did not appear so near the top of the sandstone on the line of 
our examinations, and it seems almost too low in geological position to 
be referred to the horizon of the Hall ville beds, although it may occupy 
tlle same. 

Commencing at the base of the great sandstone at a point about two 
and a half miles west of Point of Rocks, and proceeding westward near 
the railroad track, Mr. ~leek and I observed the following succession of 
beds in the descending order : 

Section near the railroad between Point of Rocks and Salt Wells. 
Feet. 

1. G~Jo!~~~hd~~~J~~~~ _s~~l~~: ~i-t~- _s_o_~~ _ ~~~~~~- ~-a-~~~ ~~ 25 l 
2. Massive drab sandstone ..... ·_ . . . . . . . . . . . . . . . . . . . . . . . . . 27 r M. 
3. Bluish and dark colored sandy shale ....... . .. . ·... . . . . . 3 1 

4. Gray sandstone with fossils ..... _ . . . . . . . . . . . . - . . . . . . . . 1~ ~ 
5. Yellowish and brownish- gray sandstone and shales . . . . . . 55 1 
6. Shaly and massive brownish and buff sanustone ...... _.. 36 1 

7. Shale, partly dark colored; appearance of coaL......... 2 1 
8. Soft bluish-white sandstone, mostly in heavy beds, some 

of Its upper portion laminated with a little dark shale, ~ 
and appearance of coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 N. 

9. Grayish sandstone, weathering brown, shaly in places, 
with some whitish beds above . . . . . . . . . . . . . . . . . . . . . . . 45 

10. Heavy-bedded whitish sandstone . . . . .. . . . . . . . . . . . . . . . . 14 
11. Brown or buff sandstone, with some sandy shale . . . . . . . . 22 ~ 
12. Arenaceous shales and clays, yellowish or drab in color, } 

with thin laminre of harder brownish sandstone ....... 155 °· 
13. H~~';J~~~~~~~ -~~~- <~~~ ~~~i_s_h_-~~i-t~- ~~~~~~~~~ -~~~ _s_a_~~: 86 ,

1 

14. Dark carbonaceous shale or coal . . . . . . . . . . . . . . . . . . . . . . . 2~ 
15. Soft grayish-buff and bluish-white sandstones, with yellow-

~~~-~~a~. ~~~~1~-~1~~~-~~~-s~~l~~! _s_o_~~-t~-i~- ~~!~~~~~~~~~~ 90 I 
16. Black earbonaceous shale or coal. . . . . . . . . . . . . . . . . . . . . . . 2~ 
17. Brownish and dark-colored shales . . . . . . . . . . . . . . . . . . . . . 18 1 
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18. GrayiRh-drab massive sandstones ....... - .............. . 
19. Ash-colored clays and sandy shales .................... . 
20. Whitish-buff sandstone ............................... . 
21. Light-colored sandy shales, with thin carbonaceous seams. 
22. Massive grayish-buff and whitish sandstone, with interca-

Feet. 
20 
13 

3 
7 

lated light-colored sandy Rhalt>s. . . . . . . . . . . . . . . . . . . . 132 
23. Carbonaceous shale; trace of coal............ . . . . . . . . . . 2 
24. Grayish and bluish while sall(lstone and saudy shale . . . . 25 
25. Carbonaceous shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
26. Massi\e sandstone, bluish white above, gra_yislt buff' be-

low...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
27. Light-gray shale and shaly sandstone...... . . . . . . . . . . . 18 
28. Black shale and coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5 
29. Grayish-buff and bluish-white massive sandstones, some 

portions even weathering brown, with frequent interca
lations of soft sandy shales . . . . . . . . . . . . . . . . . . . . . . 200-300 
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I 
(P. 

I 

I 

I 
J 

~Q. 
The thicknesses of the differt>nt beds given above are, as in the other 

sections, for the most part merely e8timates, such as could be made by 
walking over the upturned edges of the strata. I am of the opinion that, 
taken as a whole, the thickness is rather uudcr than over estimated. 
The angle of the dip varied in different parts of the section: in the upper
most beds, which were at the eastern extremity of the line and farthest 
from the axis of the fold, the dip was from 5° to 8°, and from there it 
decreased toward the westernmost and lowest exposures to from 2° or 
30 to 5o. The direction was throughout auout the same nearly north
east. The line followed commenced, as has been already stated, near 
the railroad-track, two and one-half miles from Point of Rocks, and ended 
at a point some distance to the right of the railroad, and uearly four 
miles, in a nearly clue northeast direction, from Salt Wells Station. 

A few leaves were found iu one or two of the sandstone layers, but 
were not in any way characteristic, and the bed No. 4 was almost 
entirely made up of fossils and their casts, chiefly of a species of Ano
mia, together with oysters, Co'rbicula, Corbula, and a few specimens of 
Modiola and Goniobasis. 

With this last section is completed the whole series of variegated 
sandstones aud shales on the eastern side of this great fold or anti(~linal, 
which continues in the vicinjty of the railroad from between Bitter 
Oreek and Black Buttes Stations nearly to Salt Wells. The total thick
ness of this series, reckoning from a point east of Black Buttes to this 
place, cannot be much less than 4,000 feet, though in our estimates in 
the detailed sections we have rather fallen short uf this total. This is 
mainly due to our caution against making an oven~stituate, and the 
nature of the exposures, which in many places only consisted of a \ery 
gradual slope or shallow valley, showing by its debris and on the sur
face the general character of the beds. T·he sections show the pecu
liarity of the serie", its alternations of light gray, grayish buff, and 
whitish an<l brown sandstones, with drab and ash-colored shales and 
clays. As regards, however, the alternations themselyes, these sections 
are for the most part correct only for the particular line on which they 
were taken, the great majority of the sandstone beds changing in respect 
to color, harduess, and stratification even within the distance of a few 
feet. I am of the opinion, moreover, that the coal-seams also share 
this general character of variability, but our examimttions could not be 
sufficiently minute to determine to what extent this is the case. 

The accompanying wood-cut is intended as a general section of the 

... 
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eries as observed by us. The general divisions correspond to those 

z 
0 
i=: 
u 
el 

< ~ given, included in brackets, in the detailed sections, and 
are indicated by the same letters. 

It is worthy of remark that, of the invertebrate fossils 
obtained by us as far down as to the base of the series, uot 
one is of a characteristic Cretaceous genus, but all haYe 
rather the aspect of a collection obtained from beds of 
Te:rtiary age. It is true that Mr. Meek, and I believe 
Mr. Emmons also, had considered that these beds might 

o be most properly referred to the Cretaceous, but this 
was rather on account of the change in the general 
character of the fossil fauna from purely fresh-water, as 
in the characteristic Tertiary of this region, to brackish
water marine, and the specific affinities of a few of the 

~ fossils to California Cretaceous species, than from any 
very positive evidence. As far as I know, the only 
evidence of this kind is in the identification, b.v Profes
sor Cope, of the saurian remains found by tls at Black 
Buttes. It seems to me highly probable, and indeed 
almost certain, that the workable coal-seams of Wyo
ming and Utah range from well-characterized Cretaceous 
strata, as at Coalville and Bear River City, through 
these beds, which may, perhaps, he best regarded as a 
gigantic transition series, into the purely fi'esh-water 
beds, usually consideed as of Tertiary age, as obsen·ed 
by us near Senaration and el~ewbere. 

SALT \VELLS.-"Near Salt Wells a very different series 
..., comes to the surface and occupies the axis of the anti

clinal at this place. The rocks are first seen along the 
railroad, about four or five miles east of the station, 
and consist of grayish drab, thin-bedded sandt:~tones and 
shales, with an entire absence of the heavy-bedded buff 
and whitish sandstones which form so prominent a fea
ture of tue OYtrlying rocks farther east. It forms the 

~ high bluffs some two or three miles south of Salt Wells 
Station, but is wanting in the immediate vicinity of the 

);! railroad at tuat point, and for some distance to the west
z ward, as the Rtation itself is situated in the valley along 

the anticlinal axis. Two or three miles to the eastward, 
0 one o1· two cuts show sections of the beds close to the 

track, in which it is pretty uniformly a thinly lamiuated, 
dark grayish drab sandstone or sandy shale, and, is as 
far as we could see, entirely destitute of fossil remains. 

Cl. Mr. Meek examined the bluff's about two or two and a 
half miles southeast of the .station, and found them to 
consist of very much the same general character of beds, 
with some intercalated clays, the whole, however, show
ing no very abrupt variations such as are to be seeu in 
the rocks of the overlying series. No fossils were found, 
except indistinct traces of fucoids ("?) and tracks of anne
lids. The thickness of the beds exposed in the bluff was 

a about 480 feet, the uppermost of which, by estimate, 
was 250 to 300 feet below the base of the preceding sec
tion, makiug· a total from the base of the bluff to the 
lowest member of the variegated sandstone series, of 
over 700 feet. Add to this the probable thickness of 
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beds between the bluffs and the center of the anticlinal va.Uey, hardly 
under 300 or 400 feet, and we have over 1,000 feet for the thickness 
of this formation. It seems probable that in its upper portion it con
tains some coal-seams, as at one point on the railroad, about four or 
five miles east of Salt Wells, I ouserved an isolated outcrop of coal 
in the bottom of a ditch alongside the track, which, from its posi
tion, I judged to be below the heavy sandstone series. No seams 
were seen in any of the other outcrops near the track or in the 
blufft-1. 

RocK SPRINGS.-Passing westward from Salt Wells we find on the 
other side of the valley the great series of variegated sandstones and 
clays re-appearing, but with a reversed dip to the northwest of some 10° 
or 12°. Below it we have a considerable exposure of the thin sandstone, 
which here appearR to stand in more perpendicular faces than on the 
opposite side of the valley, and has a more reddish cast. The sandstones 
and clays immediately above, which on the eastern slope of the fold 
showed no Yery numerous or valuable seams of coal, here appear to be 
the great repository of that material; the lowest seam worked, that at 
the Vandyke mine, is apparently only a short distance, perhaps a few 
hundred feet, above the base of the series, and other veins occur within 
short vertical distances of each other immediately above it. We made 
no detailed section on this side of the anticlinal, but from our examina
tions we judged that no ,~ery close parallelism existed uetween the beds 
of the two slopes, although the series preserved the same general char
acters on both. The principal coal-seam worked at Rock Springs, from 
9 to 11 feet in thickness, overlies a heavy bed of bluish-white sandstone 
very similar to many of t.hose noticed farther east. The record of an 
artesian boring made at the mines gives, as it was reported to me, some 
sixteen seams of coal, varying from 18 inches to 8 feet in thickness, 
passed through in a depth of 11ot more than 730 feet. Some of these 
maj~, perhaps, be only beds of carbonaceous shale, but it seems to be 
beyond question that the coal-seams are better developed here than 
farther east. Still other veins occur in a higher horizon than was met 
with in the boring, but they are of less importance. Opposite the sta
tion at Rock Springs, on the opposite side of Bitter Creek, a heavy 
bedded sandstone of perhaps several hundred feet in thickness appears 
in the rocky face of a bluff and occupies a considerably higher geological 
position. This may possibly be the equivalent of the heavy sandstone 
near Point of Rocks, to which it bears a resemblance, but I am not inclined 
to positively identify disconnected beds in this formation. It seems, 
however, to be not far from the same relative position to the base of the 
series. 

Some distance below the principal coal-seam at Rock Springs, 50 to 
100 feet, or even more, we found a thin seam of hard sandstone, con
taining a great abundance of' certain species of fossils, a strongly ribbed 
species of Corbula, aModiola, and a Goniobasis, similar to those found near 
Point of Rocks, and a few imperfect specimens of Ostrea. There are 
other fossil-bearing beds in the ·dcinity, of which we heard accounts, but 
our specimens were all gathered in this stratum. 

West of Rock Springs the ledges of this formation may be seen on 
either side of the railroad for a distance of five or six miles, <lipping to 
the northwest or west-northwest at very much the same angle as near 
the station. There is not, howeYer, a good continuous exposure, but 
the upturned edges of the harder beds form slight ridges above the gen
erallevel of the valley which intervenes between the station and the 
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range of hills to the westward. At the base of these hills we leave the 
series entirely, it passing undernea.th the Tertiary beds of which the range 
is composed. We did not examine the junction of the two series, but 
there seems, from a passing view, to be an unconformability here, the 
upper beds having a very slight dip to the west of not over 20 or 
30 altogether. These Tertiary beds, where they are cut through by the 
gorge of Bitter Creek, which the railroad follows, appear as thinly lami
nated, whitish, or light-grayish arenaceous shales, showing in recent 
railroad-cuts a slightly bluish tinge. In places there appear bands of 
darker shale, and capping the hills as the road nears Green River is seen 
a heavier brownish or reddish sandstpne bed, which fonns the perpen
dicular mural escarpments and isolated castle-like knobs which form so 
prominent a feature near Green River Station. In some layers the 
shales are dark-colored on freshly fractured surfaces and seem impreg
nated with petroleum, but they all appear to weather uniformly light 
yellow or \rhitish. 

GREEN RIVER.-A hill about two miles east of the station, at Green 
River crossing, on the southern side of Bitter Creek, gave the following 
section from a rough measurement with a pocket-level: 

Section near Green Rit'e1· Station. 

1. Heavy reddish-brown sandstone ..... _ ........... 100 feet or more. 
2. Whitish arenaceous clays or shales. . . . . . . . . . . . . . 500 feet. 
3. Reddish or brownish arenaceous shales...... . . . . 50 feet. 
4. Whitish arenaceous clays ................. . ..... 130 feet. 

The dip was very slight, but one or two degrees to the westward, and 
is indeed scarcely perceptible. It is best seen on the bluff's, on the im
mediate bank of the river, above the station, where the beds are seen to 
dip, with some slight local undulations, to tbe westward; and the well
known petrified-fish bed which, at its exposure on the railroad about two 
miles or a little more from the station, is only 40 or 50 feet above tile 
river, at Green River City, is said to be found near the summit of the 
bluffs some hundreds of feet higher in actual level. The reddish saud
stone which caps the hills at the station to the eastward does not appear 
very prominently to the westward, and perhaps passes into arenaceous 
shale in that direction. It appears probable that there are some local 
varia,tions in this formation, but as a whole it presents in this respect a 
striking contrast to the series below. 

BRYAN.-West of Green Hiver City the beds seen at the river disap
pear, and still higlJer ones of the same group come in view. These we 
examined in the vicinity of Bryan, wlJere we visited one o-r two conical 
buttes lying to the south of Black's Fork and three or four miles from 
the station. We found these to consi:st of thinly laminated grayish 
sandstone or sandy shale, with, near the summit, some bluish, more 
_argillaceous layers, and on the extreme summit a stratum of harder 
grasish sandstone filled with rough casts of Jllelanians, Unio, &c., and 
on one a great abundance of biYalve crustaceous reruaius, (C.!Jpris,) all 
more or less silicified. The height of the buttes was not over 150 to 200 
feet, the strata perfectly horizontal. Beside these buttes the country in 
the vicinity aff"orded no good exposures, the surface being rather level 
and uniformly covered with a gravelly superficies completely hiding the 
underlying rocks. 

BRIDGER STATION.-'Vest of Bryan we made no stop till we reached 
Bridger Station, where we examined to some extent the underlying 
greenish-gray sandstones and reddish clays, &c., of the vVasatch group. 
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As far west as Carter the flat table-topped hills, composed of the whitish 
beds of the superior Bridger group, characterize the scenery, but be
tween that station and Bridger the un<lerJying greenish and reddish gray 
san<lstones appear, and near the latter station predominate. About a 
mile or more southwest of the station, in a hill on the right bank of 
1\f ud<ly Creek, and near the railroad track, the following section was 
taken which I copy from Mr. Meek's note-book. lt shows the general 
character and \ariations of the lower formation, which is characterized 
by more massive sandstones and clayey beds, differing in color and 
other respects from the shales above: 

Section near Bridger Station. 
Feet. 

1. Alternations of gray, rather coarse sandstones, and reddish and 
ash-colored arenaceous clays, some layers of the sandstone 
fossiliferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 

2. Massive gray sandstone, stained reddish above . . . . . . . . . . . . . . 13 
3. Ash-colored and reddish sandy clays . . . . . . . . . . . . . . . . . . . . . . . . 23 
4. Gray sandstone ........... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5. ReddiRh and yellowish-gray sandy clays . . . . . . . . . . . . . . . . . . . . 16 
6. l\htssive grayish sandstone, stained reddish above ... ~ . . . . . . . 23 
7. Reddish and ash-colored sandy clays . .......... . . . . . . . . . . . . 20 
8. Gray sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
9. "\Vhitish sandy clays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

10. Gray sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 2 
11. Reddish sandy clays with some soft sandstone . . . . . . . . . . . . . . . 15 
12. Gray massive sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
13. Reddish and yellowish clays . . .. .. . . . . . . . . . . .. . . . . .. . . . . . . . . 10 
14. Grayish sandstone .......... -.......................... . . . . 5 
15. Reddish and ash-colored arenaceous clays, with perhaps some 

layers of sandstone ...... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

The upper member of this section closely resembles, and is probably 
identical with, the beds forming a hill on the southeast side of the rail
road-track three-fourths of a mile or more northeast of the station. The 
same fossils (chiefly rough casts of a il!lelanian and a Unio) occur in a thin 
layer near t.be top of the hill. The dip in both cases was the same, 
nearly east, from 40 to 6°. From the summit we could see the reddish 
layers in ledges to the eastward, t.hus indicating that we were far, 
perhaps many hundred feet, below the top of the series. The beds 
seemed to dip unconformably below the more horizontal whitish strata 
of the Bridger group, and at one point, at leaBt, I saw a patch of 
the upper formation lying between the ridges of reddish sandstone. It 
would thus appear that there bad been considerable denudation here, 
and that portions of the upper group had been washed away, leaving 
only these outlines to indicate their greater extension in former times. 

PIEDMONT.-Beyond Bridger the railroad, following the valley of 
Muddy Creek, turns to the south, and then bends slightly to the eastward, 
carrying the traveler again into the area of the higher group, but still 
showing at the base of the llilh; the heavy grayish sandstones and red
dish days of the Wasatch formation. The junction was well observed 
in some high hills abont a mile, or little more, east of Piedmont Station, 
in which the lower, 210 or 211 feet, was made up of the heavy-bedded, 
grayish sandstone, weathering reddish, with intercalated beds of softer 
sand.Y cla;ys, the whole without, as far as we could detect, any trace of fos
sils, either animal or vegetable. Above this we roughly measured with a 
pocket-level some 220 feet of whitish beds, mostly argillaceous, but with 
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three or four ledges of white fossiliferous limestone. The slope between 
each of the limestone-beds was thickly strewn with chips derived from 
the ledges, and the true character of the intermediate beds was largely 
CO"Qcealed from this cause. r.rhey appeared, however, to be mainly 
whitish clays, with, in places, a slightly bluish tinge. The fossils were 
mostly fish-remains, impressions of scales, spines, and bones, but in the 
upper ledge we found casts of a small Planorbis, and in the lowermost 
one a Hel_ix, closely resembling H. Leidyi, from the Tertiary of the 
Upper Missouri. The upper beds here apparently dipped a little to the 
north of east, but scarcely more than two or three degrees altogether. 
The unconformability between them and the underlying rocks was not, 
as far as we could see, very noticeable at this point, though I thought 
that I saw in the lower beds a slightly increased dip to the eastward. 
These lower reddish beds are seen along the railroad to the west of this 
station in various places, and · apparently lie unconformably upon the 
whitish Cretaceous strata which come into view in that direction. 

ASPEN.-The Cretaceous strata which appear near Aspen Station ap
parently belong to a lower member of the formation than any of the 
beds examined by us either to the east or west of this point. Immedi
ately at the station they form rounded hills, or ridges, rising to the 
height of 200 feet or more, and composed of hard, splintering, whitish 
and bluish slates, the former color predominating toward the summit, 
and the latter appearing near the base. These slates are full of fish
scales, with occasional impressions of bones and teeth, and near the top 
of the bills we found a fragment of an Ammonite. The lower bluish 
beds are also well exposed in several cuts along the railroad for a short 
distance west of the station, and here also contain numerous fish re
majns; their color in places is nearly black. In one of these cuts, un
der the snow-shed just west of the station, we- saw one or two thin 
layers of grayish limestone, full of unrecognizable fragments of fossils. 
The total thickness of these slates, from their lowest to their highest 
exposures, cannot be less than 300 or 400 feet; they pass beneath the 
level of the valley to the westward with an estimated dip of ten or 
fifteen degrees in a general west-southwest direction. To the westward, 
within a distance of alwut two miles, there appear one or two parallel 
ridges, which, with the valleys between, must represent some 1,500 feet 
or more of overlying strata, consisting, as far as could be seen in the 
exposures of light gray and whitish sandstones, and light-colored clays, 
or shales. The railroad cuts through the westernmost one of these 
ridges at a. point some three miles from Aspen, where we made the fol
lowing rough section: 

Section at Rock Out. 

1. Light-colored shales and shaly sandstone ....... . 
2. Whitish sandstone containing Ostrea . .......... . 
3. Light-colored shaly bed ............ -........... . 

· 4. Heavy-bedded whitish sandstone ... : .......... . 
5. Alternating shales and thin sandstone-beds .... . 

50 feet or more. 
3 feet. 

10 feet. 
40 to 50 feet. 
40 feet or more. 

The heavy sandstone-bed No. 4 forms the crest of the ridge, the 
upper beds appearing on the slope in the artificial cut. The oyster in 
bed No. 2 was identified by lVIr.lVIeck as Ostrea soleniscus, lVIeek, a species 
which we found farther west in Cretaceous beds at Coalville and else
where. The dip of the main sandstone was about 30° in a direction 
nearly south west. 

A little west of this point is the interesting locality at old Bear River 

/ 
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City, where we stopped and made some examinations, the results of 
which are given elsewhere by Mr. Meek. . 

EVANSTON.-After leaving Bear River City and Aspen, we spent a 
day or two at Evanston, and made sections of the rocks about the coal
mines at Almy, on the north side of Bear River, some three miles to the 
northwest of the station. The section given below was taken in the 
hill back of the mines, and though not altogether a continuous one, it 
nevertheless represents pretty fairly t.he general character of the beds 
and their alternations. Nos. 1 to 24 inclusive were taken from near 
the summit of the bill down to the bottom in a ravine, which enters the 
bottom-lauds of Bear River a mile and a half or more east of Almy; of 
the rest, ~os. 25 to 39 inclusive were taken from exposures in a ravine 
immediately back of the village, and the remainder chiefly from artifi
cial exposures at the mines. The thicknesses as here given of the dif
ferent beds, except in the case of the last-named ones, are, as in most 
of our other sections, estimates made by the eye, more accurate meas
urements being impracticable with the attention we were able to give: 

Section of hill back of the Almy coal-mines. 
Feet. 

1. Coarse, pebbly, conglomerate with some intercalated sand
stones and clays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

2. Yellowish and gray sandy clays, or soft, decomposing sand-
stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

3. Massive 'gray sandstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
4. Yellowish and gray ::mndy shales or soft sandstone......... 8 
5. Coarse grayish sandstone weathering brown. . . . . . . . . . . . . . . 25 
6. Reddish and yellowish sandy clays or shales. . . . . . . . . . . . . . . . 100 
7. Coarse grayish-brown sandstone and conglomerate.......... 15 
8. Reddish and ash-colored sandy clays or shales. . . . . . . . . . . . . . 100 
9. Massive light-grayish sandstone..................... . . . . . . 12 

10. Yellowish sandy clays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
11. Coarse, pebbly, reddish-gray sandstone..................... 15 
12. Soft grayish sandstone passing downward into decomposing 

reudish conglomerate .......... -.- ..... - . -. . . . . . . . . . . . . 52 
13. Yellowish sandy clays, some sandstone at base.... . . . . . . . . . 50 
14. Sandstone and conglomerate............. . ... , . . . . . . . . . . . 25 
15. Gray aud yellowish-gray sandstones and sandy shales. . . . . . . 45 
16. Coarse sandstone and conglomerate. . . . . . . . . . . . . . . . . . . . . . . . 8 
17. Sandy clays or shales, some parts reddish.................. 50 
18. Conglomerate passing into coarse..;,.,.,ndstone................. 16 
19. Yellowish sandy clays or soft sandstone. . . . . . . . . . . . . . . . . . . . 32 
20. Conglomerate ........................ ~ . . . . . . . . . . . . . . . . . . . 22 
21. Yellowish or reddish sandy shales or clays ............. _ . . . . 50 
22. Conglomerate . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 13 
23. Yellowish sandstone and sandy clays................. . . . . 50 
24. Coarse conglomerate ...................................... 140 
25. Yellowish and whitish sandstone with some sandy clays ..... 110 
26. Dark-grayish sandstone and shales. . . . . . . . . . . . . . . . . . . . . . . . 22 
27. Light-colored sandy cla~ s or shales.................... . . . 12 
28. Grayish-buff sandstone................................... 10 
29. Grayish sandy shales with apparently some carbonaceous seams 

near base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
30. Reddish and gray sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
31. Grayish shales or sandy clays.... . . . . . . . . . . . . .. . . . . . . . . . . . . 150 
32. Reddish and gray sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
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Feet. 
33. Light-colored sandy shales, perhaps some sandstone... . . . . . . 45 
34. Light-gray or whitish sandstone._.. . . . . . . . . . . . . . . . . . . . . . . . 14 
35. Dark and light-colored sandy shales . ...... .. .... _..... . . . . . 60 
36. Dark grayish-brown sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
37. Dark-grayish shale with some carbonaceous layers and perhaps 

some thin 8eams of coal near base. . . . . . . . . . . . . . . . . . . . . . . . 100 
38. Hard reddish sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
39. Soft argillaceous sandstone, some harder layers. . . . . . . . . . . . . . 20 
40. Coal............................................... . . . . . . . 41 
41. Dark clay. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 4 
42. Hard, impure coal-" rock coal" . ......... , . _......... . . . . . 2 
43. Uoal ........................ - ... - .. - . . . . . . . . . . . . . . . . . . . . . 91 
44. Hard, impure coal-" rock coal"........................... 4~ 
45. Coal ..... ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
46. Shale and clay.......... . . . . . . . . . . . .. . . . ........ _..... . . . . 10 
47. Coal ......... ................ -. . . . . . . . . . . . . . . . . . . . . . . . . . 51 
48. Shaly clay, about . ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 20 
49. Iron ore, (ferruginous sandstone) ...... . ............... , ~ .... 3 
50. Clay. . . . . .. . . . . . . .. • • . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . 15 
51. Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Still above the highest member of this section we could see from 500 
to 700 feet of sandstones and sandy clays or shales, which we <lid not 
examine closely. In fact, the whole of the upper part of the section is 
only valuable to gh·e an idea of the alternations and the general char
acter of the whole series. The san<lstones afforded in no instance any 
trace of animal or vegetable remains, and the exposures of the softer 
beds were such as to give no evidences of any fossil contents, belng 
generally slopes more or less covere<l with debris. The dip was through
out nearly northeast, varying perhaps a little to the eastward; its angle 
averaged from 170 to 200. 

The first fossils foun<l in place were seen in No. 32, which contained 
impressions of large leaves of dicotyledonous trees. About this hor
izon also we picked up a fragment of sandstone containing the cast 
of a Helix, which however might, judgirrg fi.·om its appearance, have 
come from bed No. 30. Farther down bed No. 34 also contained leaf
impressions, and in No. 35 we found imperfect casts of bivalve shells 
resembling Unio. In No. 37, below its middle, we found a two-foot band 
exposed in a prospecting trench, almost entirely made up of small fresh
water-shells, Cyclas, Physa, &c., all crushed together and almost unrecog
nizable, except as to genus. 

Nos. 42 to 45 inclusive· comprise the 26-foot seam worked at this 
point. The beds below were not seen by us, that portion of the section 
having been furnished by Mr. Deuel, superintendent at the mines of 
the Rocky Mountain Coal and Iron Company at this point. 

We also visited the llills on the north side of Bear River, northeast 
of Evanston, which we found to be composed of very similar strata to 
those in the upper part of the Almy section, viz, alternations of coarse 
sandstones, conglomerates, and sandy clays. There seems to have been 
a considerable disturbance here besides the mere tilting of the beds, 
and from the altered rlirection of the strike, wllich is here nearly north 
and sonth, we were Jed to suspect a considerable lateral displacement 
with faulting, which might very possibly cause the appearance of the 
same be<ls in both these bills, and tllose about Almy, although at first 
sight these would appear much higher iu geological position. \Ve did 
not attempt, llowever, to work out the geological structure to any great 
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extent, as it would have required more time and labor than we were 
well able to give for that purpose. 

We did not discover any evidences of unconformability in the Almy 
section; the whole formation seemed one continuous series. The fresh
water beds containing shells are, I think, certainly conformable to the 
coal; indeed, we observeu thin carbonaceous seams in its immediate 
proximity. In the main section I have given the la:r;ger divisions, as 
exposed, on a line terminating at the mines, but the prospecting trench 
already mentioned, which was opened by Mr. Deuel some two miles 
below Almy, afforded the following section, which in the larger one is 
included in the lower part of No. 37: 

Section taken two miles below Almy in trench. 
Ft. In. 

1. Coal, or carbonaceous shale . . ........................... . 3 0 
2. Clay shale ..... . .......................... _ ......... . .. . 2 0 
3. Impure coal ........................................... . 3 0 
4. Hard argillaceous sandstone, containing and almost entirely 

made up of minute crushed fresh-water shells .... _ ...... . 2 0 
5. Coal, or carbonaceous shale ............................. . 1 0 
6. Sandy shale ........................................... . 12 0 
7. Coal, or carbonaceous shale, with clay parting ........ . .•.• 4 6 
8. Shale or clay .......................................... . 20 0 

Under this, according to Mr. Deuel, is the heavy stratum of argilla
ceous sandstone, No. 39 of the section, which is seen at the mines above 
the main coal, and which contains numerous leaf-impressions. 

The fossils found, both in this two-foot band and in the sandstones 
above, would indicate that the age of these beds was Tertiary~ rather 
than Cretaceous, and that they might possibly be even more recent than 
Eocene. I do not know the grounds of Professor Cope's reference of the 
coal at this point to the Cretaceous, while he admits the Tertiary age 
of some, at least, of the overlying sandstones;* but as we found no 
break or line of demarkation in ·the whole 2,000 feet or more which we 
examined, and found our fossils in coal-bearing beds immediately above 
and conformable to the main coal, the facts, so far as they are known to 
me, do not seem sufficient for such identification. 

From Evanston we went west to Echo and Coalville, which are 
reported on by Mr. Meek. 

"Pr. Acad. Nat. Sci. Philadelphia, 1872, p. 279 
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0~ THE EXTINCT VERTEBRATA OF THE EOCENE OF WYOMING, 
OBSERVED BY THE EXPEDITION OF 1872, WITH NOTES ON 
THE GEOLOGY. 

PHILADELPHIA, April 29, 1873. 
I send herewith a detailed report of the results of the paleontological 

survey of the Green River Tertiary basin, undertaken last summer by 
myself, under your direction. The report is not complete, but includes 
the general determination of the vertebrata, with special monographs 
on some of the mammalia. 

The expedition left Fort Bridger July 19, 1872, and followed the road 
to Cottonwood Creek, southeast eighteen miles, whence we made our 
first excursions into the bad lands. After this, our ronte lay along 
Cottonwood Creek to Smith's Fork of Green River, thence along Black's 
Fork, and thence to Green River City. vVe tllen followed Bitter Creek 
to Black Buttes, and, leaving the line of the Union Pacific Railroad, 
traveled south towards the headwaters of the Vermillion. Before reach
ing this point we explored the Mammoth Buttes, which form the water
shed between South Bitter Creek and Vermillion, and examined the 
bad lands carefully. In reaching this point we crossed a portion of the 
Cretaceous formation, and I took especial pains to determine the rela
tions of the strata at these points. 

We returned from this region, and struck Green River seventeen 
miles above Green River City. We proceeded northwards to the mouth 
of Labarge Creek, and, returning a short distance, ascended Fontanelle 
Creek to near its source in the outlying ranges of the Ham's Fork 
Mountains. The relation between the lake-deposits and the older strata 
here claimed special attention. We then descended Ham's Fork to the 
Union Pacific Railroad and returned to Fort Bridger. 

Special expeditions were made to the region round Evanston, and to 
Elko, Nevada, with gratifying s11ccess. 

I leave discussion of the general results until the close of the report. 
I may premise that we obtained in round numbers one hundred species 
of vertebrated animals of the Eocene perio<l, of which about sixty were 
new to science. We added two orders of mammals to those previously 
represente<l in this fauna in the United States, viz, the Quadrumana, 
(monkeys,) and Proboscid·ia, the latter in several types of remarkable 
interest. 

The present synopsis includes only the species of vertebrata collected 
by the expedition, with one or two exceptions, which is respectfully 
submitted. 

Dr. F. V. HAYDEN, 

EDWARD D. COPE, 
Paleontologist, United States Geological Survey. 

In charge of Geologica,l Survey of the Territories. 

35 G S 
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MAMMALIA. 

QU..A.DRUl\f..A.N..A.. 

In the Proceedings of tbe American Philosophical Society, 1872, p. 
554,* the writer described a species of Quadrumanous Mammal under 
the name of Anaptomm-phus mmulus, comparing its dental and other 
characters with those of Sim·ia. In the American Journal of Science 
and Arts, for November,t 1872, Professor 0. C. Marsh announced that 
he believed that three genera previousl.v described by hitu, viz, Thino
lestes, Limnotherium, and Telnwtolestes,t were referable to the Quadrum
ana, saying that they ''have the principal parts of the skeleton much 
as in some of the lemurs." Prior to either of these determinations, the 
author described a new genus and species as allied to Notharctus, Leidy, 
under the name of Tomitheri~tm,ll but made no suggcstion·as to its ordi-
nal position. • 

On a re-examination of the last-named genus, I am satisfied t.hat it 
also should be referred to the Quadrumana, and describe it as follows: 

TOMITHERIUM, Cope. 

Dental formula~~ ~?3 , in an uninterrupted series. Last molars with 
five tubercles, others with four; all low and slightly alternating, the 
outer wearing into crescents. Canines quite small. Incisors very 
prominent, the median pair with transverse cutting-edges. Symphysis 
coossified, projecting in front. In the molars, the adjacent horns of the 
two outer crescents unite with the anterior outer turbercle; the poster
ior outer is insignificant. There is a projection but no tubercle in front 
of the outer anterior turbercle. The premolars present l>ut a single 
compressed conic crown; the posterior, however, widened behind, and 
with a low turbercle. The first and second premolars are one-rooted, 
(not entirely a generic character.) 

I base the distinction between this genus and Notharct~ts on the small 
canine, and the sub-horizontal position of the incisors; believing that 
when other portions of the skeleton are studied, other differences will 
appear. 

The portions of the skeleton of the type species preserved are: the 
ent.ire dentition of the lower jaw minus the crowns of the outer incisor, 
canine, and :first premolar; the left ramus nearly complete, the extreiHe 
angle being wanting; the right humerus complete, with right ulna and 
radius, the latter lacking the distal extremity; a large part of the left 
ilium; the right femur nearly entire; part of the left humerus, meta
tarsals, &c. 

The mandibular rami are quite stout, but not very deep ; the sym
physeal portion long and oblique, and the coronoid and condylar por
tions elevated, with axis at right angles to that of the horizontal portion. 
The condyle is well elevated, and the coronoid process small; the dental 
foramen is half way between the margins of the ascending ramus, and 
opposite the bases of the crowns of the molars. The inferior margin of 
the jaw shows no tendency to inflection at a point immediately below 
this foramen, where it is broken ofl'. The mental foramen is divided, 
the exits being at points opposite those between the premolars 1-2 and 
2-3. 

* Puhlisbed October 12, 1872. 
t Published October 8, 1872. 

:j: Published Augu&t 7, 1872. 
II Published August 7, 1872. 
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The h~trner~ts has a round head, directed backwards a11d a little out
wards. The tuberosities are rather small, of about equal size, aud ootuse; 
they inclose a short bicipital groove. The bicipital crests are very 
largely developed, and extend to the middle of the shaft, inclosing an 
open groove between them. The external is narrow and most elevated, 
the internal more obtuse and directed inward. The shaft is thus sub
triangular in section. The distal extremity is nearly at right angles to 
the axis of the proximal, and is much expanded transversely. A large 
part of this expansion is cau~ed by the truncate internal tuberosity, and 
by the less prominent external one. The latter is continued in a thin 
ala, whicl! only sinks into the shaft at its middle. The condyles are 
small, the external the most prominent. There is a shallow olecranar 
fossa, and no coronoid, and hence no supracondylar foramen. There is 
an arterial foramen above the internal tuberosity. 

The ulna is compressed, and contracts rapidly to the extremity. The 
olecranon is broad and obtuse, and the humeral cotylus oblique to the 
long axis, The coronoid process is low. The shaft is remarkably 
curved from right to left, inward. The radi~ts has a discoidal head, with 
central depression, and it was evidently capable of complete rotation. 
It exhibits a tuberosity and slight flexure below the head. The distal 
extremity has a horizontal triangular section, with the apex internal and 
truncate; the shaft near it is quite flat. 

The left ilium is obspatulate and flat, widest at the convex crest, and 
sHglltl,y concave on the outer side. It is rather thin, ahd the impres
siQn for the sacral diapophyses is elongated. The inferior border thick
ens gradually to the acetabulum; the superwr is excised so as to form 
an open concavity. 

The right femur is remarkable for its length. Its shaft is flattened 
from before backward, and without flexure. The great trochanter is 
large, and em braces a deep inlooking fossa. There is a flat tuberosity 
looking outward just below, and the little trochanter is a little below 
opposite to it. The condyles are sub-similar in size, the trocltlear sur
face wide, but not fiat, and the inner border thickened and considerably 
ele"Vated. The femur is 1.75 times ns long as the humerus; it was 
scarcely longer, though a small piece is wanting from the sllaft of our 
specimen. 

Remarks.-Having described the more important parts of the skeleton 
· preserved, I now proceed to consider its systematic position, and the 

order to which it should be referred. · 
The first impression derived from the appearance of the lower jaw and 

dentition, and from the humerus, is that of an ally of the coati, Nasua. 
Tile humerus, indeed, is almost a jac sim:ile of that of Nasua, tlle only 
difference being a slight outward direction of the axis oi' the head. The 
some bone resembles also that of many marsupials, but the flat ilium, 
elevated position of dental foramen, and absence of much inflection of 
the angle of the lower jaw, &c., render affinity with that group highly 
improbable, The length of the femur indicates that the knee was en
tirely free from the body, as in the qnadrnmana, constituting a marked 
distinction from anything known in the Carnivora, including Nasua. 
The round head of the radius indicates a complete power of supination 
of the fore foot, and is different in form from that of Carnivo·ra, includ
ing Na.sua; and, finally, the distal end of the radius is still more different 
from tlJat of Nasua, and resembles closely that of Semnopithecus. 

We have, then, an animal with a long thigh free from the body, a fore
toot capable of complete pronation and supination, and a form of lower 
jaw and teeth quite similar to that of the lower monkeys. The form of 
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the humerus and its relative length to the femur, are quite as in some of 
the lemurs. The most marked difference is seen in the increased ffilm
ber of teeth; but in this point it relates itself to the other Qu,adrumana, 
as the most ancient types of Carnivora and Ungulates do to the more 
modern; e. g., Hymnodom to the former, and Palmosyops to the latter. 
In its special dental characters it shows a close resemblance to small 
types of the Eocene, which have been regarded as low Perissodactyles, 
as Hyopsodus, &c. 

ToMlTHERIUM ROSTRA1.'UM, Cope. 

Proceedings of the American Philosophical Society, 1872, p. 470, (published by the 
author, August 7,) l. -c., 1873, (read April18.) 

This species was about the size of the prehensile-tailed monkey, so 
frequently seen in shows. The first and second premolar ha\e but one 
root, the base of the second being about the size of the base of the 
canine. The latter are cylindric at base. The incisors form .a parabolic 
outline, and have entire edges, the middle pair trans\erse ones. Enamel 
generally smooth, premolars somewhat striate; an indistinct inner cin
gulum. 

Measurements. 
M. 

Length of entire dental series, (straight) . . . • • . • • • • . . . . • • •• . .. ... . . .... .. .. • • . 044 
Length of symphysis mandibuli.... . .. .. • .. .. . • . .. . . . . • .. .. . . . • .. . • .. • .. . • . • . 0~0 
Dupth ramus at second molar .................................... ·........... . 010 
Leogth cro\vn of second molar . . . . .. . . .. .. . • .... . • • . .. .. . • • . .. • . .. . . • .. . .. . • . 006 
·width ero\nl of Aecond molar ........................ : .... ...... . . . . ... .. .. . 0045 
\\'idth between two second molars ........................................... 014 
\ Viclth between two canines................................................ . 005 
"\~Ti<lth of ascending ramus above dental foramen .. .. .. .. .. . . .. . • . . .. .. .. . • .. . 016 • 
J, ngth of btnnerus ........................................................ , . 083 
Vi am eter of head . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . . . • . . . . . . . . . . . . .. . • . . . . . . . 013 
Diameter ofsbaft at middle................................................. . 00.,5 
Diameter of distal end, transverse.... . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . 023 
Diameter of distal end, antero-posterior .. . ... .. .... •. . •. . .. . . .• . . . •.. . .. . •.. . 0078 
Deptb of olecranon .......................................................... 009 
Depth of ulna at coronoid.................................................. . 010 
Diameter extremity of radius, proximally.................................... . 009 
Diameter extremity of radius, distally ....................................... 010 
Length of ilium from acetabulum.............. . • . • •. . . . . . . . . . . .. . . • . . . . . . . . . 042 
Width near crest...... . . . . . . . . . . . . . . . . . . . • . . . . • • • . . . . . . • . . . . . . . . . . • . . . . . . . . . 017 
Length of femur preserved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
Width just below neck..................................................... . 017 
\Vidth at middle........................................................... . 011 
Wiclth at extretnity . . . . . . . . . . . . . . . • • . . . . • • . . . . • . • . . . • . . . . . . . . • . . • . . . . . . . . . . . 019 
\Vidth of trochlea .......... -. . . . . . . . . . • . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 009 
Longest chord of condyles and trochlea...... . . • • • • . . . . .. . . . . . . . . • . . . . . . . . • . . . 019 

The specimens on which this species was founded were found together 
by the writer near to Church Buttes, Wyoming. 

NOTHARCTUS, Leidy. 

Geological SurYey, Montana, 1871, p. 364. 

This genus is but little known, but is probably one of those which as-· 
sociates characters of lower quadrumana with Cercoleptes and other 
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I 
, :N01'H..A.RCTUS LONGIC..A.unus, Cope. 

Pantolcstes longiJttdus, Cope. Proceed. Amer. Philos. Soc., 1872, p. 467, (August 3.) 

This form i~ one of those mixed types which are so abundant in the 
Bridger Group. Its dental formula is M. 3, P. M. 4, c. 1, incisors un
known. The molars in the only specimen known are so worn as to pre
clude exact description. They evidentl_y possessed anterior and posterior 
lobes, separated by a valley, which was most expanded on the inner side. 
Tlw last molar exhibits a short heel posteriorly, which probably sup
ported a small tubercle. The three premolars are all two-rooted and 
compressed in form. The last presents a crown composed of one large 
anterior compressed cusp, and a much lower posterior one. There is a 
slight cingulum in front. The canine is lost, but its alveolus indicates 
that it was a stout tooth. 

So far as the known dental structure goes, this species resem ules nearly 
tbe Nothctrctus of Leidy, but possesses a more carnassial fourth premolar. 

Themandibular raUJ'lS is quite slender, and there is a large foramen 
below the first true molar. The masseteric fossa is pronounced. 

I originally assigned b!lt 3 P. 11. to this species, but now fiud that it 
possesses four, thus resembling Notharctus. It differs from all the 
speeies described by .Marsh, in having the second premolar two-rooted, 
aml from Leidy's two species in its slender proportions. 

The remains of this species were found together by the writer in the 
Bridger be<ls on Black's Fork, Wyoming. 

ANAPTOMORPHUS, Cope. 

Proceedings of the American Philosophical Society, 1872, p. 554, published by the 
author October 12. 

This genus is represented by the left ramus mandibuli of a single 
species. The posterior portion is broken away, and the teeth remaining 
perfect are the P.M. 2, and l\1. 1 and 2. The ramus, though small, is 
stout, and deeper at the symphysis than at the last molar. What ap
pears to be the dental foramen is nearly opposite tl1e bases of the crowns 
of the molars. The mental foramen issues beneath the first premolar. 

Dentition of the rmnus mandibuli, In. 2, C. 1, P. 1\L 2, 1\L 3, total, 16. 
It differs from monkeys in some respects; there is no interruption iu the 
series near the canine, and the symphysis, though massive, is not coos
Hifie<l. Further details are, the last molar is three-lobed and elongated 
behind. The composition of the crowns of the preceding molars consists 
of four opposed lobes, which are very stout, and eonnected transversely 
by a thin ridge behind, or in close contact in front. Tllo premolar tooth 
which is best preserved, is a perfect second, which, while having two 
roots, possesses a crown which stands almost entirely on the anterior, 
presen'ting a curved sectorial crest forward aild upward. 

The dentition is more typical1y quadrurnauous in this genus than in 
the last, and it might be referred-decidedly to Lemuridre were it not for 
the unossified symphysis. It no doubt represents a distinct group or 
family from Tomitherium, aud one .more nearly related to the existing 
types of 1Iadagascar and South Africa. 

ANAPTO)-IORPHUS .rE11ULus, Cope, loc. cit. 

This species was about as large as a marmoset or a red squirrel. The 
enamel of the teeth is entirely smooth . . 
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Length dental line ..•••..••.•• ·--~~·-~~~~~: ......••••••• J. ......... . 
Length of last n1olar. __ --· ___________ . -- ____ . ____ . ___ --· ___ --· ·--~ - .. ---· __ _ 

~i~i1t11 o~f t1~l~!~te~~lln t: : : :: : : : : : :: : : ~::: : :. ~ : :: ~ : ::: : :: : : :: ~: ~::::: ~~:: : : : ::: : 
Length of three molars preserved .. ___ • _. ____ . _____ .. ___ .. __ -.- .• -- :. --- . - _.-

M. 
0.0148 

• 0030 
• 0025 
• 0020 
• 0070 

From the Bridger Beds of the upper valley of Green River. 

CARNIVORA. 

MESONYX, Cope. 

This genus was described by the writer in the Proceedings of the 
American Philosophical Society for 1872, p. 460, and published in an 
advance edition of the same paper on July 29, 1872. It was there 
referred to the Carnivora, and stated to resemble Hycenodon in some 
respects. I propose on the present occasion to attempt a more exact 
determination of its structure and relationships. The only species yet 
certainly referable to it is Jllesonyx obt~tsidens, Cope, 1. c., which is repre
sented by a fragmentary skeleton. There are preserved portions of 
the skull with the teeth, chiefly mandibular; numerous vertebrre from, 
all p8rts of the column; parts of scapula, ulna and fore feet; portions 
of pelvis, femora, tibire, tarsals, metatarsals, and phalanges. 

The numerous unguiculate digits, the sectorial character of the molar 
teeth, and the eharacteristic form of the astragalus demonstrate this 
genus to belong to t.he Carnivora jissipedia. It becomes interesting, then, 
to determine the relations of an Eocene type of the order to the families 
now living. 

The cervical vertebrce are damaged. The dorsals are strikingly smaller 
than t.he lumbars, being less than half their bulk: They are opistho
crelian with shallow cups, and the centra are quite concave laterally 
and inferiorly. The centra of the lumbars are more truncate, with a 
trace of the opisthrelian structure, and are quite depressed in form. 
The median part of the series is more elongate than in the correspond
ing vertebrre of the genus Canis. They exhibit an obti1se median longi
tudina1 angle, on each side of which, at a little distance, a nutritious ar-· 
tery entered by a foramen. The zygapophyses of the posterior lumbars 
have interlocking articulations, the posterior with a convex exterior ar
ticular face, the anterior with a concave anterior one. The sacrum is 
not completely preserved ; three co-ossified centra remain. These are 
more elongate and the diapophyses have less expansion than in Felis, 
Hymna, Canis, or Ursus. They are much :flattened, and the middle one 
has two slight median longitudinal angles. The caudal vertebrre indicate 
a long tail, with stout base. Its proximal vertebrre are depressed, and 
with broad anteriorly-directed diapophyses. The more distal vertebrre 
ha,~e sub-cylindric centra; the terminal ones are very small. 

The glenoid cavity of the scapula is shallow ; the coracoid process is a 
• hort hook separated by a. strong groove from the edge of the former. 
Tlle spine is well deYeloped. In the character of the· coracoid, thi8 
genus resembles Fel,is more than Canis or Ursus. The ulna exhibits 
little trace of articular face for the radius, less than in Felis or Canis. 
Its humeral glenoid face is more convex transTersely in its anterior o: 
vertical portion than in those genera, and a little more than in Ursus. 
In the hind limb the jemwr Tesernbles that of other Carnivora in all 
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essentials. The rotular groove is narrow and elevated, the inner margin 
a little higher. The condyles are rather narrow, the inner with less 
transverse and antero-posterior extent, and separated by a wide and 
deep fossa. The patella is narrow, thick, and truncate at one end. The 
proximal end of the tibia exhibits a very prominent and well elevated 
crest or spine, which bounds a deeply excavated fossa. The articu
lar faces are separated by a deep notch behind ; t.he exterual is a 
little the larger and is produced into a point outwards and backw~rds; 
it lacks the notch of the antero-exterior margin so distinct in Canis, but 
possesses 9n cmargination at the outer base of the crest homologous 
with it. The general form is, howe-ver, more like tl1at of Canis than of 
Felis, and least like that of Ursus. The distal extremity of the tibia 
presents Carnivorous characters. The two trochlear fossrn are deeply 
impressed, the outer wall of the external one being formed by th'e fibula 
only. The anterior marginal crest is more elevated than the posterior, 
and presents an overlapping articular face between the fossrn for a cor
responding tuberosity of the neck of the astragalus. The inner malleolus 
is entirel_y without the groove for the .tendon of the tibialis posUcus 
muscle, and therefore different from many of the digitigrade Carnivora-. 
It has an ovate truncate surface. On the anterior face opposite the 
iuner trochlear groove is a. rather small hut deep fossa. 

The astragalus has an elongate oblique neck and a navicular extremity 
slightly expanded inwards. The trochlear ridges are well elevated, and 
not very oblique to the true vertical plane, being much as in the dog. 
The distal extremity is quite different from l?elis, Hyccna, Canis, and 
Urs~(s in l1aving a rather narrow convex facet next the cuboid bone ex
tending from front to rear, and in having the navicular facet pulley-like 
or slightly concave in tranverse section, while it is strongly convex 
antero-posteriorly. This is part of the peculiarity presented by the 
hind foot in this genus. Behind the navicular facet, on the superior 
face, is a tnbero::;ity which stops the flexure of the foot by contact with 
the tibia ; a trace of it is seen in the dog. The calcaneum has the com
l)ressed form of the digitigrades, but the broader interval, and convex 
external astragaline facets resemble much more those in the bears. The 
cuboid facet is a frustum of a triangle with the apex directed inwards 
and downwards. 

The meta1Jodial bones are rather elongate, and flattened so as to be 
transverse in position. A second metatarsal is more flattened than 
corresponding bones of Canis and Felis. Its cuneiform facet is some
what concave transversely. The phalangeal condyles are furnished with 
an anterior and inferior carina, which is wanting above; the articular 
face is wide above as in Canis, ar:.d is bounded by a transverse fossa as 
in digitigrade genera. The plJalanges of the first series are elongate 
and curved as in Felis, being relatively longer than in Ursus. Phalanges 
of the others series are quite short., The ungues are short awl flattened, 
their ii}ferior surface is nearly plane, and the superior but little co1nrex. 
A shallow groove divides the upper face longitudinally to the ex.
tremit,y. The margin below is acute to a slightly contracted neck. 
There is no indication of collar for reception of the horny sbeath, except 
perbaps ~ slight area of fracture on each side, and there is no projecting 
tuberosity below for insertion of flexor tendtm. The middle of the 
proximal part of tlJe unguis is a raised plane, and on each side of it, 
at the neck, two arterial foramina enter. There is a small foramen in the 

.groove, and several smaller ones near the margin. These ungues re
semble somewbat those of some tortoises. They were found with tbe 
otl.J.er phalanges, with whiclJ they agree in size and articulation, and no 
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doubt belong to the same animal. It is evident that they differ in 
character from those of most existing Carnivora. The penultimate 
phalanges agree with them in the depressed form of their proximal ar
ticular f~tces, wanting entirely the triangular form so characteristic of 
Carnivora, especially of the cats and dogs. The short, flat shaft of the 
same is almost equally peculiar. 

'rhe cranium is fragmentary. The malar bone of the right side is 
similar in position and form to that of the Canidcc, especially in the 
presence of a weak angle ouly, to mark the posterior border of the orbit. 
It llas a much less expanded union with the maxillary than in these 
animals, and is proximally shallower, thicker, and more prominent. Its 
posterior portion is more plate-like. 

There are numerous teeth preserved, but separate from the skull, and 
mostly mandibular. The inferior canine, is stout especially in the root, 
which is a flat oval in section. The crown is but little curyed, Rlightly 
compressed, and without edge or groove. The. premolars graduate into 
the molars, so that the line of distinction is not £-asily drawn. The 
first premolar has a single root; the crown is slightly conic, with a 
small tubercle at the base behind. This tuberc.Ie increases in size on the 
premolars 2 and 3, and becomes on the true molars a longitudinal 
cutting edge extending along the axis of the crown, not much ele,yated 
above a wide base. It occupies haif the length of the crown in the 
larger molars, and is preceded by an elevated conic cusp. In front of 
the base of this, a small conic tubercle projects forwards, which appeared 
as a rudiment on the third premolar. The number of mandibular teeth 

. would appear to be, P.M. 3, M. 4. No portions certainly referable to 
tbe suverior molars were found. 

Conclusion. In summing up, it may be accepted as a result of the 
above analysis that the genus llfesonyx represents a family of Carnivora 
dig'it,ig'rada, distinct from any now living on tbe globe. The form of the 
astragalus renders it probable that the inner toe is wanting or rudimen
tal, and that there were four digits on the hind foot. The foot was also 
short, and the claws fiat, and altogether without prehensile use, but 
rather adapted for aquatic life. The uumber of molars exceeds that in 
any recent terrestrial family of Carnivorct except the Protelidre, and their 
sectorial form allies it at once to the extinct Hymnodontidce. To this 
family the genus Jlfesonyx may possibly be at present l'eferre<l. Among re
cent families it approaches nearest the Canidce,but has structures borrow
ed from others, while its nuuwrous molars . constitute a point of greater 
generalization than any. Although sectorials, this character is not 
nearly so marked as in the existing Carnivora, the cutting edge being 
obtuse and occupying half tbe crown only, while the elevated cone occu
pying the remainder distinguishes the genus from these and from Hym
nodon also. The lobe corresponding to this cone Is preceded in Hymnodon 
by a cutting edge, in Mesonyx by a tubercle. 

1\fESONYX OBTUSIDENS. Cope. 

Proceedings American Philosophical Soc., 1872, 460, (July 29.) 

This species was as large as our largest wolves. While the proportions 
of the limbs were not very different, the body was rather more slender 
behind. The orbit was smaller, and the cheek bone more prominent 
than in those animals. The long tail added to the general resemblance 
to the dogs. The measurements are as follows : 
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Measurelwnts. 

Length 1nalar bone ...•....•.•...............•.••••••...•.. , .••••.....•.••.. 
Depth malar bone in front .................•....•••..•..•................••. 
Depth malar bone at postorbital angle ...............•. , ......•.............. 
Depth malar bone at middle of orbit .........••.......•...•................. 
Thickness malar bone at middle of orbit .................................... . 
Transverse diameter glenoid cayity of scapula ...•.....•. , ....•....•........ 
'l'ransverse diameter ulnar cavity for humerus .............................. . 
Length centrum dorsal Yertebrre ........................................... . 
Diameter centrum do., transverse .......................................... . 
Diameter centrum do., Yertical. ........................................... .. 
Length centrum of a median lumbar ............ · .......................... .. 
Diameter centrum do., transverse .......................................... . 
Diameter centrum do., Yertical ............................................ . 
Diameter centrum, first sacral vertical. ..................................... . 
Diameter centrum, first sacral transverse .......... ~ ......................... . 
Expanse of do .....................•.......•.............•.....•........... 
Length of two sacral verte brm ............................................ .. 
Length of proximal caudal ............................................... .. 
Expanse diapophyses caudal ............................................. .. 
Diameter centrum do., vertical ............................................ . 
Diameter centrum do;, transYerse .......................................... . 
Diameter centrum distal caudal, yertical ................................... . 
Diameter centrum do., transverse .................... -· .................. .. 
Chord of femoral trochlea and condyles .................................... . 
Width trochlear groove ...•...............•.•...•••...••................... 
Width condyles ........................................................... . 
Width tibia proximally .•.•. ~ ..............•...••.......••...•..........•... 
Diameter do. antero-posteriorly ... , ........................................ . 
Diameter shaft,. 050 M. from end .......................................... . 
Diameter distal extremity transversely ................................... .. 
Diameter distal extremity antero-posteriorly .............................. .. 
Length patella...... . . . . . . . • . . . . . . . . • . • . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . ..• 
Width patella ............................................................. . 
Length astragalus ......................................................... . 
Width astragalus above ..................•..•...•.•....•...............•... 
Width astragalus distally .................................................. . 
Width astragalus neck ..................................................... . 
Width cuboid facet of calcaneum .......................................... .. 
Depth en boicl facet of calcaneum .......................................... .. 
Width of a second metacarpal (shaft) ...................................... . 
Depth of a second metacarpal (head) ...................................... . 
Width ot, a second metacarpal, distal end ................................... . 
Length proximal phalange ................................................ . 
'\Vidt,h proximally .......................................................... . 
Width proximally of a penultimate do ...................................... . 
Length of a penultimate do ................................................. .. 
Length ungueal phalange ................................................. . 
'Vidth medially ........................................................... . 
'\Vidth proximally ...•..............................•.•..................... 
Length crown of canine tooth, (Worn) ...................................... . 
Diameter of base fore aud aft .............................................. . 

E!~~t~~l~~~~mJ~~~~ _<::.· ::: _-_-_- _-_-_- _-_-_- .".": _-_-_-_-_:: :::·.:: ::: ~: :: ~: ·. ::::::::::::::: 
Length base premolar, (2) .........•.............................•.......•... 
Height crown premolar, (2) ................................................ . 
Length crown true Inolar .................................................. . 
'\Vidth crown true molar .... .. ............................................. .. 
Height of cutting edge .................................................... . 

M. 
0.073 
.016 
. 023 
. 015 
• 013 
. 025 
.014 
. 019 
. 018 
. 014 
. 030 
.025 
. 016 
. 014 
. 026. 
. 046 
. 049 
. 022 
. 036 
. 009 
. 015 
. 007 
. 007 
. 038 
. 013 
. 029 
.038 
. 039 
.017 
. 026 
. 018 
. 025 
. 015 
.o~w 
• 016 
. 017 
. 012 
. 016 
• 011 
. 012 
. 014 
. 010 
• 0290 
. 0100 
.0085 
• 0110 
. 0150 
. 0065 
. 0070 
. 0200 
. 013 
.006 
. 006 
• 011 
.009 
.018 
.008 
• 005 

There are no cingula on the teeth, and the enamel is perfectly smooth. 
The appearance of the crowns as well as the bones indicates an adult 
animal. 

The bones of this animal were found together on a bluff of Cotton
wood Creek, Wyoming, by myself, while attached to Hayden's geologi
cal survey of the Territories for 1872. 



554 GEOLOGICAL SURVEY OF THE TERRITORIES 

SYNOPLOT ERIUM. Cope. 

Proceedings American Philosophical Society, 1872, 483, (published August 20.) 

Represented as yet by a single species, which is known from frag
mentary remains of a single individual. The portions preserved are: 
a large part of the skull with nearly complete dentition, the superior 
molars loose; lumbar and caudal vertel>rrn; large portions of both fore 
limbs, including the bones of the feet; smaller portions of the hind 
limbs and feet. 

The bones of the fore lim,b_s are stout in their J)fdportions. Tlle 
humerus has a well-marked rugose line for muscular insertion on its 
posterior face, but no prominent angle. Distally the inner and outer 
condylar tuberosities are almost wanting, and there is neither external 
aliform ridge, nor internal arterial foramen. The olecranar and coro
noid fossrn are confluent, forming a very large supracondylar foramen. 
The condyles are moderately constricted medially, and there is a well
marked submedian rib separated from the outer condyle by a constric
tiqn. The latter is continued as an acute ridge on the outer side of the 
olecranar fossa. The inner condyle is the more prominent, and its outer 
margin is a sharp, elevated crest. The ulna has a very prominent su
perior process, continuing the cotylus upward. The coronoid process, on 
the other hand, is rather low. The radial cotylns is flat and broad. 
The distal end is not preserved. The 'radius bas a more transverse beau 
than Canis or Felis, and has three articular planes, th~ inner being a 
wide, oblique truncation of the edge. The shaft is angulate below, and 
becomes a litttle deeper than wide near the distal end. Tlle extremity 
is lost. The carpal bones are probably all present. The fore foot was 
found in place so that the relations of the bones are known with cer
tainty. The scaphoid and lunar appear to l>e distinct. The former 
exhibits proximally the inner tuberosity, then a slight concavity, and 
then tlle convexity, where it is obliquely truncated so aR to give a gen
eral rhomboid outline. Beneath there are but two facets, the inner the 
deepest, and divided lengthwise by the truncation of the bone. The 
larger facet fits correctly the 0. 0. trapezium and tra.pezoides. The lunar 
was not found in its place, but two fragments taken from the matrix 
just behind it, adhering to the pisiforme probably belong to it. The 
upper face is concave. The cuneiform is large and concave lengthwise 
above for the narrow extremity of the ulna. Below it has a large concave 
facet for the unciform. The pisiforme is of -unusual size, and is as stout 
as the largest metacarpus, and nearly half as long as the outer (5th) 
metacarpal. It articulates with a thick V-sbaped facet of the cuneiform. 
Its extremity is obtuse and expanded. The trapezium is large and at
tached to its metacarpus laterally, sending a process downwards 
posteriorly. If supports a narrow articular surface for the metacarpus 
of a small pollex or inner digit, which is not preserved. The trapezoid 
is smaller and of a triangular outline, with the base forwards. The 
magnum is a rather small bone articulating as usual with the metatar
sals 2 and 3. It is depressed in front. The unciform is a large bone 
with a considerable external anterior surface. Two-thirds of its upper 
surface are· in contact with the cuneiform, the remaining part projecting 
upwards with convex face to unite with the lunare. Below it supports 
metatarsals 4 and 5. 

There were probably five digits of the fore foot, the inner small or 
rudimental. The proportions are stouter than in the dogs, but not ~o 
much so as in the bears. Tlle phalanges haye a length ·similar to that 
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seen in some bears, but the metatarsals are more elongate. · The lengths 
of the latter are, 5th shortest, then 2d, 3d, and 4th. Their condyles 
are broad, with median keel behind, and shallow supracondylar fossa 
in front. The first phalanges are about one-third the length of the 
metacarpals; the second of digit No.2, broad and stout, and half as 
long as the phalange of the first row. An ungueal phalange has a 
singular form, so that the claw might be supposed to have a subungu
late charactm·. It is fiat, considerably broader than high, and with ex
panded and obtuse extremity. The articular extremity is depressed and 
transverse, concave in vertical, convex in transverse section. The an
terior three-fifths of the superior middle line are occupieu by a deep gap
ing fissure, which separates the extremity into two points. The inferior 
face is entirely flat, there being no tendinous tuberosity. The sides are 
grooved, and give entrance each to a large arterial foramen proximally. 
These claws resemble those of llfesonyx, and differ remarkably from 
those of existing terrestrial Carnivora. 

Of hinder limb the only characteristic pieces remaining are the navic
ular, cuboid, and an external cuneiform bone. _The cuboid is rather 
stout, with a slight concave facet at one extremity and two at the other, 
one of them smaller and sublateral. The navicular is wide and flat, and 
with a strongly concave astragaline facet. Below, it presents two deep 
oblique concave facets for the cuneiforms, witil a small sublateral one on 
the outer side. The facets of the cuboid and -astragalus indicate four 
well developed digits and another perhaps smaller one. Thus in this 
genus they were on both limbs probably 5-5, with the inner small. 

The cranium is fractured abo-ve .. There remain the ~quamosal and 
periotic bones, occipital condyles, malar and part of maxillary, both ple~ 
maxillaries and the greater part of both mandibular rami. The post
glenoid process of the squamosal is produced inferiorly far below tile 
auditory meatus, even further than in the bears. Its proximal portion 
includes, on the lower face, a strong groove at right angles to the axis 
of the cranium, with its defining margins acute and prominent. This is 
the transverse glenoid cavity of the carnivorous type. The zygoma has 
a wide curvature indicating a powerful temporal muscle. The posterior 
angle of the malar extends well posteriQrly. Its anterior portion pro
jects, forming a longitudinal rib; there is no produced postorb.ital pro
cess. The tympanic bone is produced upwards and outwards and forms 
a tube with e-verted lips. The opisthotic (mastoid) separates it entirely 
from the exoccipital, and overlaps the posterior half of the tube by a 
laminar expansion. A pit in this bone near the 1neat1.ts externus repre
sents the insertion of the stylohyal ligament. There is no bulla, the 
tympanic chamber being RmaU and with thick walls. The character of 
this region forbids the idea of any tapiroid affinities on the part of this 
genus, and resembles that seen in the bears more than that of any other 
carnivorous type. 

Tbe prernaxillaries are vertico-oblique in position, presenting then areal 
opening directly forwards as in cats, but with a still less prominent 
alveolar border. The horizontal part of this border is indeed very silort, 
itwluding but two small incisors. It then rises vertically, and turns 
obliquely backwards to the maxillary, inclosing a deep sinus with the 
canine tooth. From the anterior side of this sinus tho larger external 
incisor issues, with its root extensively exposed externally. A rib 
ascends from the front of its alveolus to the anterior or nareal margin 
of the bone. The triturating surfaces of the incisors are directed back
wards, and the alveolar edge is thickened in front of them with a tuber
osity. Tile teeth are much worn so that the forms of the crowns cannot 
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be determined, but projecting .25 inch beyond the alveoli they are com
pressed, tlw large outer tooth with a longitudinal angle in front. 

The 1nandibular rami are quite elongate, and indicate a cranium near 
the size of that of the brown bear, ( Ursus arctos.) Their form is slender, 
and they haYe a long, r.,ther narrow, symphysis, which projects obliquely 
forwards. The angle is not preserved. 'rhe mental foramen is large and 
issues just !Jehind the canine teeth-

The clentition is I. ?~; C. f; l\1. ?t· The canine is of very large size, 
especially the pttrt protruded beyond the ahTeolus. The crown is stout 
at the bai)C, but is soon compressed and obliquely truncated by the 
attrition of the inferior canine on its inner face. Two superior molars 
preserved are three-rooted, and the section of the crown is more or less 
equally trilobate. The number in the maxillary bone is estimated at 
seven, the number found in the ramus of the mandible. There are six 
two-rooted molars below and probably one single-rooted premolar, 
though this is indicated by an alveolus only. The molars are rather 
narrow antero-posteriorly, and are not very different in size, except that 
t1Je penultimate is a little longer, and the last a little shorter than the 
others. There was evidently a longit.udinal cutting edge behind, and 
some other shorter process on the front of the crown; the edge is pre
served on the last tooth and resembles that of ~~fesonyx, so that I have 
little doubt that the remainder of the tooth was, as in that genus, a conic 
tubercle. The most remarkable feature of the genus is seen in the 
inferior canines. These are :very large teeth, and are directed immedi
ately forwards, as in the case of the cutting teeth of rodents. They work 
with their extremities against the 1·etrorse crowns of the two external 
incisors above, and laterally against the superior canine. ·They are 
separated by a space about equal to the diameter of one of them. In 
this space I find no alveoli nor roots of teeth; the outer alveolar wall 
extends far beyond the inner. The tatter terminates opposite the middl~ 
of the superior canine. It may be that there are no inferior incisors. 

Some of the vertebrre display stout triangular neural spines; on the 
lumbars the posterior zygapophy~-;es are embraced laterally by the 
grooved correspondents of the succeeding· vertebra. Some of the caudal 
vertebrre are long, slender, and without neural arch, indicating tllat this 
genus, like JJ[esonyx, bad a long, slender tail. 

A.tfin-ities. Having described the available parts of this form, it re
mains to consider its .Place in the zoological system. The structure of 
the dentition of the upper jaw, with the mode of articulation of the man
tlible, removes it from snell orders as Rodentia and Edentata. The only 
remaining ones with which it is necessary to compare it are the Peris
sodactyla, Proboscidia, and Carnivora.. As many of the diagnostic bones 
are wanting, it is necessary to rely on collateral and empirical indica
tions of relationship. ~"'rom tapiroid types the deYelopment of the 
tympanic region distingni!:ihes it. From Proboseidians the slender feet 
and reduced ulna, as well as the longitudinal crests of the teeth separate 
it. It then remains to compare it with Perissodactyles ofthe types which 
possess strong canine teeth. In points of resemblance to these we have 
the flat claws and separate scaphoid and lunar bones; nevertheless the 
greater number indicate truer affinity to the- Oarn·ivora. Such are the 
external transverse glenoid cavity, the teeth with longitudinal crests, 
the slender digits, the weU-cleveloped tympanic bone; confirmatory are 
the large canine teeth, the incomplete orbit, and the projecting inner 
cond~le of the humerus. Thfl form of the claws is not absolutely in
compatible witll the same order, as it is approximated by some of the 
Seals. 
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Among Carnivora, the feet are like both dogs and bears. The \ery 
prominent postglenoid ridge, and the narrow tympanic chamber* are 
decided points of resemblance to the bears, but the camtm tympani is 
even less expanded than in those animals. The characters of dentition 
are more like those of the Hymnodontidm and Mesonyx than any other 
group, and ev-en the remarkable incisor-like inferior canines are approxi
mated by the anteriorly directed canines of Hycenodon leptorhynclw,s, 
Laiz. et Par • 

.As a summary, it may then be concluded that the genus Synoplothe
rium is a Carnivore, presenting a number of points of resemblance to 
the bear~, and to the extinct Hycenodons; but that its distinct scaphoid 
and lunar bones, and flat claws ally it to other forms of Mammalia, show
ing it to be a more generalized type of the order than either of the 
above. The peculiar approach of the lower canines is a special modifi
cation for peculiar habits, which I suspect to have been the devouring 
of the turtles which so abounded on land and in the waters of the same 
period. The slender symphysis could most readily be introduced into 
the shell, while the lateral pressure of the upper canines with the lower, 
would be well adapted for breaking the bony covering of those reptiles. t 
It is not unlikely that this genus, lJlesonyx, and possibly Hyrenodon form 
port of the lost series which terminated in the Seals of the present. 

SYNOPLOTHERIUM LANIUS. Cope. 

Proceed. Amer. Philos. Soc., 1872, p. 483. 

The cranium of this species is rather less than that of the grizzly 
bear, while the other bones do not indicate so large an animal. 

Measurements. 
:M. 

Length glenoid cavity : . ......................................... - •• ---. • . .. 0. 045 
Width glenoid cavity....................................................... . 025 
Diameter zygomatic fossa ................................. ---- ...... ----.... . 058 
Width opisthotic inside for. stylohyoideum............ .. . • • . . . . . . . . . .. . . . •• . . 014 
Diameter meatus auditorius extern us ........................ :. • • • . . . • . . . . . . • . 012 
Diameter cavum tympani.... . . . • . . . . . . . . . .. . . . • • . . . . . . . . . • . . • . . . • . • . . • . • . . . 009 
Length ramus mandibuli preserved...................................... •. . • . 228 
Length of series of seven molar teeth ........ ----........................... .131 
Length of.last molar crown.... .. • • • . . .. . .. .. .. . • .. .. . • .. .. . • • . . . . . .. .. • • • • . . 0155 
Width of last molar crown................................................. . OOtlO 
Length of penultimate crown............................................... . 0210 
Width of penultimate crown................................................ . 0100 
Length exposed part of inferior canine .. . • . . . . . ... . . • . . . . • . • .. . . • • . . • . . . . . . . . 024 
Length exposed part of superior canine.. . • .. .. . • . • . • .. . .. • .. .. .. .. .. . • • . . .. • . 0:~2 
Length exposed part of outer upper incisor ............................... _.. . 023 
Diameter triturating-surface inferior canine ............. ~.... .. . • • . .. .. .. .. . . 028 
Diameter triturating-surface do., transverse .. . • • . . • .. . . .. .. • . . . .. . • .. .. .. . . . . 0166 
Diameter superior canine, ( antcro-postetior)...... • . . . . . . • . . . . . . . . . . • • • . . • • • . . . 024 
Diameter of the two inner incisors---- .... --- .................... ~.......... . 010 
Diameter of exterior incisor, (oblique) ...... ...... .... .... .... ...... .... .... . 010 
Diameter symphysis mandibuli . .. . • • . . • .. .. .. .. .. . .. • .. .. • • .. . . . . . . .. .. . .. . . 044 
Dia1neter n areal orifice . . . . . . • • . . . • . . • . . . . . . . . . . . • • • • . . . . . . • . . . . . . . . . . . . . • . . . 040 
Depth nareal orifice ...•.•...•....••....••......•••...... _ •.........•..•. _.. . 031 
Depth mandibular ramus atM. 6... ... .... .. .......... .. .. .. . . . ... .• . •. . .... . 049 
Thickness below of ramus atM. 6 .................................... --- .... . . 014 
Length of a superior molar crown........................................... . 020 

* See Professor Flower's Osteology of Mammalia on this point. 
""See Proceed. Amer. PbHos. Soc., 1872, p. 484. 
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M. 
Diameter condyle of humerus .....•.......•......•..........••••. -:........... . 047 
Diameter shaft of humerus (compressed) . . . . . . . . . . . . . • • . . . . . . . • . . . . . . . . . . . . • . 0410 
Diameter- condyles of humerus...... •• . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . 0415 
Diameter condyles of humerus, (antero-posterior) . . . .• • . . . . . . . . . . . . . . . . . . . . . . . 032 
Diameter head radius, (transverse) .... · ...............• _.. . . . . . . . . . • . . . . . . . . . . . 0282 
Diameter head radius, (vertical) ...• ..•..•• •..... •... .... ...... .... ...... .... . 0162 
Diameter shaft radius . . . . . . • . . . . . . . • . • • • • . . . . . . . . . • . . . . . . . . . • . • . . . • . • . . . . . . . 016 
Diameter cotylus of ulna, (long) . . . . . . • . . . . . . . . . . . .• . . . . . . . . . . . . . . •. . . . . . . . . . 030 
Depth ulna at coronoid process.............................................. . 034 
Length carpus and digit 2 without unguis.... . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . 112 
Length two phalanges do... . . . . • . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 037 
Length metacarpal do...... . . . . . . . • • . . . . . • . . . . . . . . • . . . . . . . . . • . • • . . . • . . . . . . . . 061 
Length metacarpal No. 3.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . 07 4 
Length metacarpal No. 4 ..• ~.. . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . • ... • . . . . . . 070 
Length metacarpal No. 5.... . . • . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 053 
Length scaphoid, transversely ...•.•• _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 023 
Length cuneiform, transversely . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • . 027 
Length pisiform.... . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 027 
Width pisiform distally.. . . . . . . . . • . . . . . . . • . . . .. . . . . • • . . . . . . . . . • . .. .. .. . . . . . • . 016 
Length unciform, transversely...... . . . . . . . . • • . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . 020 
Width uncifor~, antero-posteriorly ........••.........•.••.........•.. _ . . • • . . . 01:3 
Width trapezoid, antero-posteriorly ....•....•.•....• --. , . . . . . . . . . • . . . . . . . . . . . 0155 
Width trapezium, antero-posteriorly ......................................... 0114 
Length trapezium, vertically . .. . . . . • . . • • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. . . . . 016 
Width scaphoid, antero-posteriorly................. . . • . . . .. • . . . . . • . . . . . . . . . . . 015 
Width navicular, antero-posteriorly.......... •• . .. . . . • . .. . . .. • . . . .. . . . . . . . . . . 0155 
Length navicular, transversely.... . . . • . . . . . . . . . . . . • . . • . . . . . . . • • . . . . .. . . . . . . . . 0255 
Length ungueal phalange..... . . . • .. . . . • .. . . . . . . . .. . . . .. . . . . .. . . . . . . . • . . . . .. . 016 
ViTidth ungueal phalange . . . . . . . . . . . • . . . . . . . . . . . .. . . . . . . . . . . . . • . . . . . . . . . . . • . . 010 
Diameter centrum oflumbar vertebra........................................ . 029 
Diameter centrum of caudal vertebra........................................ . 009 

The dental series is uninterrupted from the canine, if, as I believe, 
there is an alveolus foi.· a simple premolar behind it. This I overloolted 
when first describing the species, and hence gav-e the molars as 6 instead 
of 7. The superior canine is smooth, but the inferior one of the left 
side has a longitudinal groove on its extero-inferior face. 

Restoration.-This carnivore had a large head, with a long, rather 
narrow, and truncate muzzle. The limbs were relatively smaller, not 
exceeding those of the black bear ( Urs'ltS amer-icanus) in length and 
thickness. The tail was long and slender as in the cats, while the claws 
were ·broad and flat. 

History, locality, &c.-The teeth are very much worn, indicating the 
hard food on which the animal had subsisted, as well as its mature age. 

I originally described this species as resembling the remarkable genus 
Anchippodus* of Leidy, and subsequently (on the Sh0rt-footed Ungu
lata of Wyoming, &c., p. 5,) have alluded to the large rodent incisor
like teeth as though they were homologous in the two genera. I there 
identified those teeth in Synoplotherium as canines, adding that they 
were probably the same in Anch,ippodus. Having determined the car
nivorous affinities of the former genus, the homology of these apparently 
similar teeth in the latter becomes problematical. With our present 
knowledge, the type of molar teeth in Anchippod'l.ts resembles tllat of 
many ungulates, and it is not therefore probably allied to Synoplothe
rium,. Nevertheless, it is not yet certain that the teeth in question are 
incisors, and that tbe genera are in nowise related, though a similar 
modification of a remarkable character in distinct but co-existent types 
is by no means an unprecedented circumstance. 

The remains on which the above identification is based, were found 
by the writer on a terrace i>f the 1\'Iammoth Buttes, near South Bitter 

i' See in Hayden's Geol. Surv. Mo~tana, 1871, (as Trogosus.) 
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Creek, in vVyoming. The cranium and fore foot and leg were excavated 
from the deposit.. · 

Formation, the Bridger Group of the Eocene 'of Hayden. 
Professor Marsh has described two genera of Carnivora from the same 

formation, em bracing species approaching tllis one in size. They are 
both distinguished by the broader forms of the crowns of the inferior 
molar teeth, and other points. 

STYPOLOPHUS, Cope. 

Proceed. American Philos. Soc. 1872, p. 466 ; published August 3, 1872. 

This genus embraces small species of carnivorous animals found by 
the writer in the Eocene formation of the Bridger Group. It is repre
sented by portions of mandibular rami of three species, with molar and 
premolar teeth. 

The generic characters are seen in the composition of these molars, 
which have b t two roots, and a posterior table, as is seen in tubercular 
molars of some Viverridcc. The anterior two-thirds of the crown is com
posed of conic cusps. On the last molars these are in two series, two 
lower, of the inner, and one more elevateu, of the outer, opposite the 
interval between the inner. Its outer face is regularly convex, but its 
posterior forms, with that of the outer series, a, single flat vertical plane, 
which forms a sharp angle witll the inner and outer faces of the cusps. 

The structure is, in general, somewhat like that of .l}fesonyx, Cope, but 
tlte lack of cutting edge on the posterior lobe, and the two rows of tuber
cles separate it widely. Dr. Leidy describes Sinopa as baving a sec
torial tooth as in ordinary Cwrni?.'ora, with an interior cusp; hence it is 
not probably the present form, althougll one species was about the size 
of the S. rapax. 

STYPOLOPHUS INSECTIVORU~Cop~ 

Proceed. Amer. Philos. Soc. 1872, p. 469; published August 7, 1872. 

Represented hy a posterior molar and a premolar of the right side of 
an animal less than half the size of the S. pungens, Cope. The molar 
presents three anterior trihedral acute tubercles, of which one is exte
rior and more elevated than the others. Its posterior plane forms one 
transverse face with that of the inner posterior. The posterior tuber
cular heel is low, and supports an oblique ridge which bounds a deep 
groove behind the outer cusp, no doubt to receive that of the upper jaw. 
This arrangement is not seen in S. pungens. The premolar is a flat cone 
with faint traces of a tubercle behind and cingulUJll on inner side. 

]feasurements. 
:M. 

Length crown molar_ ___ ···--··---·· _____ :-·--·-··-·.---·-----···-···------- 0. 0050 

~~ft~~~€~~:-~~~~::~::::::::::::~~:~:::::::~::~~~::~:::::::::::::::::::::::· :~8i~ 
Height crown premolar. ___ . ___________ . _. ___ . ___ .. _____ .••• _. __ • ______ • ___ • . 0040 
Length crown p_remolar ___________ . _____ .. _- _- . ____ . _ .. _____ . _. _-. ------ . --. . 0040 

Found in the Eocene Bad Lands of Black's Fork, by the writer. 

STYPOLOPITUS PUNGENS, Cope. 

Loc. cit., 1872, p. 466; published August 3. 

This is the type of the genus, and is partially described in the 
generic paragraph. 

The enamel is smooth. 
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JJ{easu'rements. 
M. 

Depth ramus at last molar .................................................. 0. 011 
Length last molar._ ... __ .. ---- ... __ •. _. _- .• ---- . - .• _____ -. _____ - __ - -.. - . . . . . 00i2 
Width last molar, posteriorly. ___ .... _ .... _ •... _. _____ . __ .. ______ . _____ . _. _- . 0040 
Height inner tubercle------ ...... ---·---- .... -----· .......... ··---- -·-- .... . 0062 
Height external tn bercle, (anterior) __ .•....•••.... _. _ .... ___ ••••••.••. __ .• _. . 0040 

This species was about the size of the gray fox. 
From the bluffs of Cotton wood Creek, Wyoming. 

STYPOLOPHUS BREVIC.ALCARATUS, Cope. 

Loc. cit., p. 469; published August 7, 1872. 

Established on a portion of the left mandibular ramus, containing the 
penultimate and ante-penultimate molars, of an animal of larger size 
than the type of the genus, S. pungens. The molars have tbe general 
characters of the corresponding ones of that species, but differ in their 
greater elevation in comparison with their length, and the greater con
vexity of the outer side. The shortness is occasioned by the abbrevia
tion of the heel, which, in the last molar present, is very small and fiat, 
without keel or tubercle on its surface. That of the molar preceding it 
is larger, and presents in its elevated outer margin a trace of the keel 
seen in the smallest species. Enamel smooth. 

Measurements. 
M. 

Length of two molars --·- ---------- .. -- .................................... 0. 016 
Leugtb...ofpeuulthnate crown----........................................... . 008 
Width of penultimate crown ................... -- .... ---- .. ---- ....... --.... . 0047 
Length of penultimate heeL ........... - .................. -- .................. 002 

There is some similarity between Btypoloph~ts anu Triacodon, :Marsh. 
If the heel of the molars of the former were wanting, they "Would 
be those of the latter. The premolars might be SUJ.JI>Osed to have this 
structure, but the form seen in 8. inseci'ivor~ts clisPJ:oves this view. 
In fact, I have seen both molars and premolars of 1'riacodon aculeat~ts, 
Cope, and the former lack the heel of the Stypolophi entirely. 

VIVERRA VUS, l\Iarsh. 

Amer. Journ. Sci. Arts, 1872, p. 127. 

VIVERRAVUS P A.RVIVORUS, Cope. 

Miacis pan:i-vorus, Cope. Proceed. Amer. Philos. Soc. 1872, p. 470, August 7. 

Established on a portion of the right rarnu~ mandibuli, containing 
portions of three molars, the penultimate being perfect. As in Oanidw, 
the molars diminish)n size posteriorly, the last being single-rooted, the 
penultimate being two-rooted. The structure of that tooth is approxi
mately that of Stypolophus, i. e., with three trihedral cusps in front and 
a heel behind; but the cusp~ are of equal height, and their point of 
union not raised abo\e the surface of the heel. This is a valley bounded 
by a sharp margin which is incurved to the outer cusp, leaving aver
tical groove on the outer side, as in Stypolophus sp. This genus further 
differs from that one in the single-rooted, small, tubercular posterior 
molar, which is wanting in that one. The ante-penultimate molar is 
much larger than the penultimate. The crown of the latter is latera1ly 
expanded, and bears a cingulum at the base antero-externally. Enamel 
smooth. 
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llleaswrements. 
M. 

Depth ramus at penultimate molar .......................................... 0. OORO 
Leugt~ crown ofp<.~nnltim~te molar......................................... . 00-W 
ElevatiOn crown of pennltmntte rnolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00:~5 
Width crown of penultimate molar....................... . . . . . . . . . . . . . . . . . . . . OO~s3 

Found on Black's Fork of Green River. An ally of Stypolophus and 
Triacoclon. . 

This species appears to belong to the genus Viverravus of .1\Iarsh, 
w hicll bears date J nly 22, 1872, conse(J nently sixteen days em·lier than 
_,lliacis, which tlw~ becotut'~ a, ~;:;yuonyrn. Tlle species is differeut from 
those described by that autllor. 

U~GUijATA. 

In no group of J1lammalia have the determinations of paleontology · 
been more significant tllau iu the Ungulata. Here, in an especial mauuer, 
the anticipations of science have been realized, in tlw filliug- up of the 
numerom5 gaps in the serie:::; of living forms. llere especially is it evi
dent, that the existing fauna is but a fragment, and that tlw faume of 
tlle past, as we lmow them to-das, are but the precursors of what we may 
bring to light to-morrow. 

The primary range of variation in t 1 .e structure of the Ungulata. has 
been generally admitted by zoOlogi:::;ts to be fouud iu the structure of the 
limbs and feet. 'l'hree most prominent types llave beeu diHtinguished ou 
this bm;is, viz: the Artiodactyla, Peris~wdactyla., and tlle Proboscidia j 
with sonH' of le~ser importance, those of the Toxoclontia and Hyra
coidea.>X' If we direct onr attention to tile <1etailed structure of the feet, 
or of the teetll, eacll division offers its own range of Yariatiou; ·witness 
in the Artiodactyles the differences between the R·wrninantiu and Omni
'VOTa, and in Puissodactyla, between Equus and Rhinoceros. In either 
order canines and incisors may be present or absent, and molars assume 
a great variety of patterns of enamel plication. 'rhe toes .in the latter 
order may yary from four to one. N eYertheless, the most dhTerse genera 
are bound together by intermediate fm ms, often extinct. Connecting 
Omni1:ora and Bwninantia come Oreodon, Jller.l;copotamus, Tragulus, &c. 
In Perissodactyla, A.nchitlleriwn, Palccos:;ops, &c., connect the extremes. 

The ProbDscidians have, on the other hand, remained until recently an 
isolated group with but few represeutati ves, hence its definition as an 
order bas heeu more or less obscured by chm·acters of a special nature, 
drawn from the dentition, trunk, &c., which it lws been found necessary 
to ow it in cllaracteriziug the two orders above mentioned. These ehar
acters are so strildng in their appearance as to suggest greater sy~tematic 
importance than belongs to them. Thus the trunk is not more important 
as a character of the Proboscidia, than it is of the Perissodactyla, where 
the tapir alone posse~ses it. Nor are the complex molars and large tusks 
to be regarded as a definition, for in the Plzacochrerus we have molars as 
compoull(l as in some mastodons, huge caniue teeth, and no incisors 
below; characters very different from many Artiodactyles. Nor can we 
regard the exclusiYe union of the astragalus with the navicular as a 
final test, for ill Perissodact'yles the facet .for nnion with the cuboid may 
be considerable (Rhinocerus) to almost nothing, (Equus.) 

The occasion for this discu~siou is presented by the discovery by the 
paleontologists of Hayden's geological surveys of 1871-'72, of tlle remark-

* Viele Gill, Arrangement of the Families of .1\lanunals, Smithson. :i\lisc. Coll., 1~72, 
No. 230; tho best aualssis of the Jlwnmalia yet publislled. 

3G G s 
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able types Bathmodon, Uintatlwrimn, and Eobasileus. These genera 
· eontrndict in several parbculars the characters mmally assigned to tlw 

Proboscidia, \\bile they agree with them in others, and they thus pre
sent the problem 0f classification, which \\ill e\er recur so long as addi
tions to our knowledge of the life of the past continue to he ma(le. This 
problem is simply the question as to wba.t characters shall be retained 
as definitiYe of natural divisions, on the discovery of intermediate 
forms. As our system is an expression of the possession of structural 
characters, our higher groups or orders are naturally {'xpressions of tl-1e 
existence of the more comprehensiYe characters, or those prm;ent through 
the most extendetl series of species. Hence we believe tilem to be also 
those assumed earliest in time. 

In the case of the Ungulata, the structure of the feet seems to define 
the greatest range of the species. Thus the ArUodactylct and Pc'risso-

. dactyla arc digitigrade or unguligrade, while the Proboscidia are 
plantigrade. The tirst order exhibits the equal deYelopment of' the third 
and fourth toes; file second of the third toe, while in tile Proboscitlia, 
the ~tnwture is like the last, with more 11umerous digits. But this 
order differs from both the preceding in the relations of the ulna and 
rndins. In Arf'iollactyla and Perissodactyla the ulna diminisbeR greatly 
<li~tally and presents but a small carpal articular surface obli(IUcly be
hind that of the much larger radius. In Proboscidia the ulna expanding 
presePts the larger articulation with the carpus, and the radius crosses it 
obliqnely, nud presents its artieuhtr face alongside of the ulnar. 

The characters of the three orders may be thus stated : 

PROBOSCIDI.A. * 

Feet plantigrade but elevated behind by a plantar pad. Toes numer-
• OllS, short, tllP Pliddle (3<.1) large8t. Iliud limb \Yith knee free from the 
body; tibia \Yithont sviue; astragalus flat, not produced anteriorly. 
]'ore limb with \\ell-de,·eJoprd ulna articulating e:xtensiYely with the 
carpus alongside of the smaller radius, which crosses it obliquely. 

PERISSODACTYLA. 

Feet digitigrade, with a hock-joint. Toes reduced in number, the 
third largest. Hind limb with knee inclosed in integument of body; 
femur with third trochanter; tibia with spine. Astragalus with pulley. 
shaped articular face for tibia a11ti anterior prolongation. Fore limb 
\\ith ulua reduced ,; its carpal surface smaller than that of the radius, 
\Yhich supports the foot in fi.·ont of the ulna. 

ARTIODACTYLA. 

Feet digitigrade or unguligrade. Toes rednced, the third and fourth 
principally and equally developed. Hind limb with knee applied to tile 
side of the body, and elevated hock; femur '-vithont third trochanter ; 
tibia with large spine. Astragalus with both inferior and anterior 
pulley-shaped surfaces. Ulna much reduced di, tally, behind the radius, 
-vd1ich includes almost the whole of the carpal articulation. 

This arrangement violates pre\ions ·dews less than any other that 
\\On hi recognize tbA primary characters of the Eobasileus. The difficulty 
of <. eterrnining the limits of the t\\o first -named orders is partially 

~ These character:::; have been mostly given by Prof. Gill, I. c. 
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cam:;ed by the fnct tbat the Hyracoidca. present the radius of the Probos
cidia with the hind foot of the Peri.s·sodaciJJla. These animals are, how
ever, well regarded as a distinct order. ·Whether all tlle animals to be 
included in the Proboscidia. possessed a proboscis or not, is of secondary 
importance. It is ne,~ertheless highly probable that Lo:volophodon and 
Eobasileus possessed one, and not unlikely that such forms that ap
proach still nearer the tapirs were not without au organ such as they 
possess, and which Cuvier ascribed to the Palccotheria and other allies. 

PHOBOSOIDIA. 

One incisor 01' canine on each side; molars compound, with postero
anterior replaeernent; nasal hones abbreviated; astragalus articulating 
with naviculal' only; no tllird trochauter ................ Elephant ill <e. 

Neither iueisors nor canines; molars simple, with v-ertical replaeement; 
nasal bones shortened; (?) foot; no third trochanter ...... Dinotherii(be. 

No incisors; nasal bones dongate; astragalus articulating \Yith both 
ImYicnlar and cuboid; no third trochanter ................. Eobasiliid('. 

Dentition complete, i. e., incisors present; ? nasal bones. Astragalus 
nrticnlatiug with both nadcular and cuboi<l; a rudimental third tro-
chanter .... _ ....................................... Bathmodontid(e. 

These suborders pre~cnt a series of approaches to the Perisso(lactyla. 
Thus the Eobrusiliidw agree with the typical ProboscidiciJ in addHion to 
the aboYe points, in the posterior expansion of tbe scapula, and its 
apical amimination; in the Yery short cervical -vertebrm; in the flat 
carpal bones; in the absence of pit for round ligament of the femur; in 
the flattened great t.roclwuter, contracted condyle3, and. fissure-like in
tercondylar fossa of tbe same bone. In tLe longitudinal crest of the 
tibia separatiug- glenoid artieular faces which are on a transverse line. 
In tlte short calcaneum, ''hich is wider than long, and tubercular on 
the inferior face. ln the fh·e digits; tbe acetabulum not separated by a 
peduncle from the iliac plates, and the lack of angular production of 
the latter beyond the sacrum. Also in the tbreo di~ting'nished ~-<acral 
Yertebne, as contrasted with the five closely co-ossified ones of the 
Rhinoccrotidw. These characters are, some of them, of subordinate 
Yalue only. 

The chief differences are seen in the cranium, thoug-h here also there 
are important resemblances. Thus, the palate is not exea vated be
the molars posteriorly, as is Perissodactyla, nor are the palatine bones 
produced postel'ior1y and separated fi·om the maxillaries, as in Artio
dact!;la g'€twrally. The.r have a shallow exca ,-ation and accompany the 
maxillaries posteriorly without interruption, as in Elephas. In Lotvoloplw
don the malar bone forms the middle element of the zygomatic arch, send
ing a, nanow strip only forward to the neighborhood of the lachrymaL 
In Uintatlterium, acconlinp: to :.\Iarsh, it~ e.s.tentiou toward the side of the 
face i~ rather gTeatcr, mneh as in some Perisso<lact_yla. The dentition is 
not far lemo\·e<l fi'om that of Dinotheriwn, atHl the rnotle of succession of 
tile teeth waR in all probability similar. The premaxillarie~and nasals are 
e.xcaYated and exostosed for the attaehmeut of a trunk in Lo.roloplwdon. 
The later~ 1 and occipital crests of the cranium, though dii.'f~rent from 
the enlarged sinuses of the diploe of Elephants, represent the external 
walls of this structure, aml furnish a hint as to its mode of origin, and 
sen~e to ease the trau.ition to Perissodactyles. 

The differences in the cranium are consequent upon its anterior elonga
tion, the nasal bones aml premaxillaries becoming thus much extended. 
The lachrymal is perforated by a small lachrymal canal in Uintatheriwn, 
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according to :Marsh, but excavated on the margin only in Lo:colophoclon. 
It is neitller in Elephas. There is a lWl:lt-glenoi<l process much mo;j:e 
largely de'"eloped than in Elephantidcc. OtLer differences of still less 
importance are to be seen iu tLe anterior position of the exterior nares, 
and the presence of horns. 

The Bathmodontidw are represented by Batlmwdon. With a structure 
of the Linderlim b nearly resembling Eobasileus, 've have more pronounced 
relationsbips to the Perissodactyles. TLe scapula bas the massi,,e 
apical acumination of the Elephantidw, and there is no round ligament 
of the femur in some of them. The astrag-alus has the same flattened 
form seen in Uintatherium, and is even less like that of tlle Pcrisoodac
tylct. Tlle type of molars and the long compressed canines are similar to 
those of Loxolophodon. On the other band, the cervical vertebrm are 
rather longer, and there is a rudimental third trochanter of the femur. 

History, &c. I originally referred the Eobasileidm to the Proboscidia, 
on account of the structure of the limbs, aud subsequently stated anum
ller of rea so us 'for this coucl usion at a meeting of the Academy of Nat ural 
Sciences of Plliladelphia, held January 14th, 1873, (published January 
16th.) In the present paper, numerous couiirmator.r characters are 
added. The Bathm0£7ontidcc I have heretofore referred to the Peri~so
dactylct. 

PFofessorl\Jarsh, in describing a species of this group, Titanothe'rium ( ?) 
anetps, (July, 1871,) con1pares it with perissodactyle speciPs, and in de
scribing the tibia says that it, "at its proximal end, bas the femoral sur
fhces contiguous, with no prominent elevation between them, resembling 
iu tllis rf'spect some of the Proboscidict." A few days before the publi
cation of my conclusions, in a foot-note, (July 22d, 1872,) he altered the 
name Titonotherimn to .Lllastodon, indicating that be bad reached the 
same opinion. Shortly after, (American Journal of Science and Arts, 
September 27th,) he altered his Yiew, constructing a supp0sed new 
order "Dinocerata," for their reception. 

As regards the name of the order here defined as including the four 
famili~s above mentioned, I Lave preferred using one already employed 
to coining a uew one. This is the better course also, if, as is not unlikely, 
the distinctions on which it, as well as the otller two orders, repose, ::;hall 
be broken down b;y new discoveries in paleontology. 

EOBASILEID.iE. 

The genera of this group known to the writer are four, which differ 
as follow::;: 

1. Nasal bones with flat lwrizontal horn-cores OYerhauging their apex. 
Cervical vetebrm sllort; malar bone mucll reduced in 

front. _____ . ____ ... __ ._ ... _. __ . __ . ___ .......... ___ Loxolophodon. 
2. Nasal bones with small tuberosities. 
CerYical vertebrm short •... _. _. _. __ .. _ . .. ___ . _____ . Eobasileus. 
Cervical vertebrmlonger; the malar bouereachingmaxil-

Jm:r t~we _ . ___ . __ ..... _ ... __ ... _ _ _ _ . __ . ____ . . . . . Uintatherium. 
3. Nasal !Jones without the anterior horn-cores. 
Cervicals U)- ---....... _ ......... _ . __ . _. __ . _ .. __ . _ . . Jllegaceratops. 

The above is the closest approximation to nature wLich my present 
material allows. It is not at all unlikely tlJat the difl'erenee in develop

. ruent of the anterior nasal tuberosities seen in Lo.rolophodon cornutus 
and Eobasileus p1·essicontis will turn out to be only specific. 

The dentition of this group requires special notice. Judging from the 
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relatiYe sizes of the teeth, I have written the molar series of Loxolopho
don 4-~, but judging from the forms of the crowns, it should be 1-5. 
Bowm-er tllis should be, I IInse uo (1oubt tllat as in other P.roboscidia the 
premolar and not the mohtr series is deficient, and that there are three 
or four true molars at least. In a mandible found aloue, which agrees in 
size with some species of Uintatheri'u.m, six molars are preserved. Of 
these the posterior two display three sub-tnms\·erse crests, of which tlw 
anterior two form a chenou with open apex 1.lirccted to the inside. Au
terior to the front cre~t is a cingular tubercle. The symphyst>al part of 
the jaw is remarkable: it is co-ossified, exceedingly compressed, an<l 
cun·ed nrnntn1s so as to resemble sliglttly the narrow prow of a South 
Sea boat. 'l'here are two teeth on each side, whieh are separated from 
the molttrs by a diastema. They are much compressed and cmTed np
"·ards and forwards, and the anterior pair issue from the jaw in contact. 
'.rlle crmn1s are lost in the specimen. The determination of these teeth 
is fncilitated by the presence of the mental foramen lJelow the posterior 
one. This foramen issues, as is well known, posterior to the caniues in 
all Jlammalia, and dther below premolars or the diastema. The two 
tet'th in our fossil will then be premolar and c<ctnine respectively, and the 
incisors must be reganled as wanting. This is in eonfonnity with the 
structure of the npJ>er jaw, awd is rendered probable by the great reduc
tion of the symplty~is oft he lower jaw in the species. It is also suggested 
by the almost universal tendency to reduction of the incisors seen in the 
mammals of the same extinet fauna. In Brcthmodon and Palceosyops the 
canines are thrown into the incisor series as in R'ltminantia, and in Palce
osyops the outer incisors are much reduced. In several genera there are 
hut two incisors. Finally, in 8ynoplothe·riwn the large inferior teeth de
S0ribe<l by myself as incisors, and whieh resemble the cut.ters of Rodent-ia, 
are immediately in front of the mental foramen, and bear the same rela
tion to it and to the premolar teeth, as do tlle canines of Palccosyops and 
other Jl1ammalia.. Hence I believe these to be canines, and that the in
ferior incisors are wanting in my specimen. The probability of t l!e 
truth of tllis determination is increased by the presence of a small inter
val between them, and by the fact that they oppose the canines of the 
upper jaw. 

LOXOLOPHODO:N, Cope. 

Proceedings American Philosophical Society, 1872, p. 580, extm copies publisbell 
August 19; and p. 48~, (Angnst 22.) Tinocems, Marsh, American Journal of Sci
euce a.nd Arts, 187~, (October.) Published (described) September 21. 

The cranium in this genus is very elongated and compressed. The 
muzzle is posteriorly roof-shaped, but is anteriorly concave, and Battened 
out into a lJilobed slto\el, which ri~es alJoye the extremity of the bone. 
This extremity is subconic, a11d short and decnrve<l. A second pair of 
l10rn·cores stands aboYe the orbits; each one composed externally of tlw 
maxillary lJone, and iuternally of an upward extension of the posterior 
part of tlte nasal. Behind this horn the superior margin of the tempmal 
iossa, sitJks, lJut rises again at its posterior portion, vrolJably abo\'e the 
Je,·el of tlle middle of the parietal bones. ':rhis portion of the skull is 
illjnred iu ruy ouly spedmcn. Tlle oceipital rises in a wall npward from 
the foramen magnum, and supports, prolJably, a little iu ii:ont of th<•jnuc
tion with the superior and inferior ridg·es bouJHliug the temporal fossa) a 
third horn-core on eaclt side. The lJase of this core i~ as stont as that 
abo\e the orbit, and snbc,Ylindric in section. Tlw temporal fossa has its 



566 GEOLOGICAL SURVEY 0~ ~HE TERR:ITOHIES. 

principal extent pgsterior to the zygorn~tic arch, and is 'in form like a 
trough, the inferior edge being recurved fr'om the squ~mosal process to 
the summit of the occipital crest. It is n~rrow within the zygomatic 
arch, which is short, iudosing a space whose length·· is less than one-
fourth that of the cranium. · 

The occipital bone extends but a short distance on each side of the 
condsles, and is ~:Separated fro1~1 the mastoid by an irregular suture, 
which is pierced by a large mastoid foramen. On the inferior face, near 
to each condsle, and one-third the distance from its inner extremity, is a 
posterior condsloid foramen, isolated by a narrow bar from tlw extremity 
of the forafnen lacerum poster,ius. The paramastoid process is repre
sented lJy a snutll tubero~ity, and the mastoid by a rather larger one, 
some distance anterior to it. 

The meatus auditor-i~ts opens upwards just. below the external ridgP of 
the temporal fossa, and at a little distance behiu<l the post-glenoid. pro
cess. Its canal contracts rapidly, aud extends upwards and backwards 
towm·ds the labyrinth. It is separated from the foramen lacerum by !Jut 
a thin wall, and if there was an expansion of tlle cavum tympani, it must 
have been exceeuingly small, owing to the close approximation of the 
mastoid to the basi-occipital and sphenoid at this point. The labyrinth 
is lodged in a petrous mass opposite the occipito-mastoid suture, and the 
canals are small. 

The basi-occipital contracts anteriorly, and with the sphenoid forms an 
uninterrupted boundary of the foramen lacentm. 'l'his terminates oppo
site to. the posterior boundary of the external meatus, and gives rise to a 
wide, shallow grooYe, which extends anteriorly between the pterygoiu 
ala and the post-glenoid process, and turning outwards round the latter, 
grooves it. Opposite to the post-glenoid process, andjust posterior to the 
end of the pterygoid, a small foramen enters, which is probably theji:wa
rnen ovale. Almost contiuuous with it is a canal which pierces the base 
of the pters goid longitudinally, all(l issues in an excavation of its. exter
nal face near the spllenoiu. 

Theptm·ygo·ids are remarkable for their great length, inclosing, as they 
do, with the palatine process, a deep, narrow, trencll-like fossa, which 
measures almost the entire length of the zygomatic fossa,. Processes of 
the sphenoid contribute to these walls, (which are thus double:) and tlw 
sph~noid roof is strongly concave. The alisphenoid is elongate antero
posteriorly, and is principally in contact superiorly with the frontal; an
teriorly it bas a short suture with the la~hrymal. Almost its entire length 
is traversed by a shallow groove which terminates in a small fora.men 
optimwn, opposite to a poiut marking the postel'ior third of the zygomatic 
fossa, Tile foramen 'rotund~~m issLles as usual between the ahspllenoi<l 
and the pterygoid, lJut is considerably anterior as well as inferior to tile 
f. opticwm. I cannot determine whether the orbitosphenoid is distinct. 

'l'he lachrymal is a large bone, of a triangular outline, the shorter 
side being inferior. It is entirely on the inner face of the orbit, and, 
as in the elephant, sc·parates the frontal and maxillary by its superior 
prolongation. Its in1erior border · is slightly notched in front by the 
large foramen irifraorbitale poste1·ius, and the anterior is deeply emar
ginate, passing behind the small f lach1·ynutle. 

The palate is remarkable for its lengtll and narrowness. Its roof is 
cllie:fiy composed of the maxillaries, but a very short portion is formed by 
t!Je palatine plates of the o. o. palatina. These are produced into a 
median point behind, between the nares, and exteriorly form the inner 
\Yall of the postuareal trough for a considerable distance. 'l'he closely 
united maxillctries fflrm the outer wall for a short distance, being pro-
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duced in a contracted form behind the molar teeth. The two bones in
close a small foramen in this prolong::.ttion, and a, larger one on the ~ute
rior suture of the palatiue, tl1e foramen palatinwn. The posterior 

' nares are not excavated anterior to the line of the posterior border of 
the last molars. The palate is deeply concave anteriorly. There is 
an elongate foramen close to the ah·eolus of the first vrcruolar, ex
teuding anterior to it. The premaxillaries are longitudinal and sep
antted anteriorly for two-fiftl.ls of their length, by a large foramen 
inci~ivum, which they do not inclose. They extend on the side of the 
muzzle into an acute angle upwards and lmckwards, and are prolong·ed 
forwards al>Ove the exterior nan's, wlJich the suture reaches by an 
abrnpt descent. The maxillary supports the malar on a posteriorly di
rected process whi('h reaches to the end. of the anterior third. of the :n·ch 
below, half that distance on the side, and is bordered. by a narrow stl'ip 
of the malar on the inner siue, as far as tlte anterior boundary of the 
orbit. The premaxillaries do not inclose the very largcfontmen 'ineisivwn 
in front, and nrc therefore deeply furcate. 

Tlte dentition is· I. 0; 0, 1; P . .il-l. 4; l\1. 2. The canine is a tusk of 
compressctl form, with anterior nnd posterior cuttiug edges, and. a 
strong posterior curvature. Its fang is embraced one-tllinl by the pre
maxillary bone, and. is inclosed in a rib-like swelling of the sides of the 
cranium, which exteu<ls upward au<l backward. The premolars are well 
worn, and llave transverse cordate surfaces of attrition. These have 
probaul.v resulted from the \rearing down of a chevron of two crests 
converging inwards, in some with an iuner tnuercle. On the molars this 
crescent is ropr~sentcd by a V, with the apex imYards; ou the last, the 
iuner tubmcle is at one side (the pm;terior) of the apex. 

Narne.-I :first applied the name Loxoloplwilon to tllis genus in a short 
paper publislwd August 1!), 1872, aH auove cited, with a oiagnostic tie
scription; tile L. cormttus was tllere cited as tfle first species, and is 
here retained as the type. I again described it more fully in a paper 
pnulished August 22d, citing Eobasileus (August 20th) as a synon.vm, 
perhaps inconectly, as imlicated. by the present paper. The same IlO

menclature was employed in a paper read before the American Associa
tion for tbe Aflvaneelllent of Science, held at Dubuqt;3, commencing 
August 23, 187:3. 

ln the paper of August 22d, I regarded this genus as identical with 
that to wl1ich I bad previously (FeiJrnary 1G, 1872) applied the name 
Loxoloplwdon, and included in it the species there called Bathmorlon 
(Lo.x:olophodon) semicinctus, Cope. \:Vith fnrther material this appear:; 
uot to be correct; the Bathmodon semicinctus belougs truly to tllat 
genus, and is very near to the B. railian:-;, so tllat the name Loxoloplw
don beeomes a syuonym in this conuection, and may be used agaiu for 
the present genus witlwut intrrfere1we. It was, mor('O\·or, 11ot de
scribed at the former date, and bad no proper claim to reeognition. 

Professor 1\I:H·sll, in the American .Journal of Science and Arts, 1872, 
'September 21,)* npplicd the name Tinoceras to a. species (T. grandis) 
of this geuns, and gave a description, in \\'Lich some of the genelic 
clwractcrs may have been mentioned. De had previously applied 
it without description to the T'itanothe1·iwn? anceps, A ngnst 2±tll, 
(and lUth,t in an erratum, where 1llastodon anceps is altered into Tino
ceras anceps.) As no clwracters wlwtever were assigned to it on either 
of these occasions, it had. no value in zoological nomenclature. 

*I did not receive this, and most of the otlwr papers of Professor .Marsh ou this 
fauna, till early iu December, 18i2. 

t These papers were not rccei ,-cd by me till early in December, 1872. 
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LOXOLOPHODON CORNUTUS, Cope. 

Loxolophodon conwtus, Cope, Proceedings American PhilosQphicaJ Society, 1872, p. 580, 
(Augu:-;t 19;) loc. cit., lt!7:!, p. 4Ptl, (August 22.) The short-footed Ungulata of the 
Eocene of Wyoming, p. S, (April14, Inn.) Eobasilcus con111tus, Cope, American Nat
uralist, 1872, p. 774. Tinocems granclis, Marsh, American Journal of Science and 
Arts, October, 1872, (published 8eptem ber 21,) jicle l\farsh. 

Established on the remaius of a single indiYidua1, which consist of a 
nearly perfect cranium, ihe right scapula. complete, seYeral verte~ne, 
including the saeral, the first m· second ri~, tlw pel vis complete, and tlle 
entire right femur; also probably the proximal end of a nulius. 

The sveeies is remarkable for the Harrow form of the cranium, its 
width at tbe middle beillg one-fourth its length. A little in front of the 
middle are situated the uorn-eores. These diverge, the upper portion 
ha viug an outward curv::tture. The base of each is triangular with 
o~tnse angles, in sect ion, and the inner angle is the Rection of a rib-like 
projection which extends across the front to its fellow and risrs half 
way up the born-core. A~oYe its rather a~rnpt termination the core 
is transYersely compressed, with o"Yal obtuse apex. The core measures 
}1. .240 (9.5 inches) fi·om its base in frOilt, M .. 108 (4.~3 inehes) in width 
at the base behind, aud .077 (3 inches) in diameter at the apex. A slight 
swelling of tlw sides of the muzzle descends obliquely forward from the 
base of each horn, whicll enlarges ~elo\v into a prominent ri~, which 
incloses the alveolns of the canine tusk. Iu front of the horns the muz
zle is roof-like; anteriorly it flattens ont, and swells a little above the 
posterior end of the nasal meatus. In front of this it exp~tnds again, 
and rises gently to the extremity of the bilobed nasal shovel, which 
overhangs the premaxillaries, the nasal meatus, and the greater part of 
the apex of the nasal bones. The latter is short and with a wi<le base, 
and resembles two lateral cones flattened tog·ether, their extremities 
obliquely truncate outward and excavated. The composition of tlle 
upper surface of the cranium is somewhat difficult to determine, owing 
to the injure<l state of the posterior part. If we regard the bone which 
bounds the lacluymal behind an<l above, as frontal, as I did in originally 
describing the species, it giYes an extraordinary extent to the nasals, 
for the eornmon sntnre of these bones extends V-sllaped baclnnlrd, to a 
point opposite to the middle of the zygomatic arches. It gives to tile 
nasals an extent equal to that of the frontals and parietaJs combined. 
They not only support the anterior lobes, but form the inner half of 
the median born -cores, rising as high as the tuberosity above describe<l. 
To regar<l these bones as frontals wonld inYoh·e the improba~le pecu
liarity of their extending beyond the nareal orifices, and the terminal 
cone of the nasals is not separated from them by suture, but by a groove 
only. The question is decided in favor of their ~eing nasals, by those 
bones as preserved in Eobasileus p1·essicon~is, Cope, where tbe lobe is 
represented by a tubercle only on the side of a continuous nasal. The 
immem.;e length of the snout in Loxoloplwr1on looks as though the na~al 
bones had extended themsel-ves forward, so as to ossify the basal por
tions of an elephantine proboscis. 

'fhe frontals de:::;cend behind the horns, with a very obtuse or rounded 
eontinuation, to the inner side of the fos~m, aud without any superciliary 
margin. They form witll. the posterior part of the nasals a shallow me
dian basin. The suture with the parietc1ls is very indistinct,, but if I 
have truly disemTered it, it forms another posteriorly directe<l chevron, 
and lea,·es but a narrow superciliary portion of the frontals. Above the 

•. 
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postglenoid processes the parietals rise again to the transverse occipital 
crest, but to what height is uncertain. At the mastoid region, the cra
nium widens a little, and is excavated at tlJe sides by the temporal fossm. 
Near where the lateral and posterior crests join_ the inferior ridge-like 
border of the temporal fossa, in front of a position occupied by a knob 
in E. pressiconds, is a strong horn-core with sub-cylindric base. It 
stands obliqnel;y backwards towards the junction of the inferior squamo
sal and transverse crests, and is connected to these by an oblique ridge, 
one side of ·which is marked with irregular, short, longitudinal rngo~ities. 
At the base of these elevations are three sinuses. This portion was 
found close to the skull, but separated from it, alH.l the vrecise mode of 
its attacbmeut has not been discovered l>y actual fit. 

Tbeoeciput rises upwards for fonr inches abo,·e the condyles; perhaps 
it displayed a pm;terior1y sloping transn'rse crest as in E. pressicornis. 
Tile paramastoid and mastoid tuberosities are narrowed and extend ob
liquely downwards aud forwards. The lower part of the exoccipital 
suture runH along a ridge, and there is a tuberosity in front of tile mas
toid foramen. An irregular A-shaperl crest extends upwards with the 
apex at the inferior temporal crest, and its anterior limb forming part of 
the posterior l)Oundar.y of the meatus a1uHto·rius. TlJe inferior temporal 
crest is directed outwards below, but forwards above. ' 

'l1ile narrowness of the cranium is readily seen on comparing the post
glenoid processes. These are not deep, but have cousiderable trans
verse extent, and are separated by a space only a little greater than the 
transverse diameter of each. TlJe zygomatic arches are compresserl 
posteriorly, with crest-like superior ridge, but rounded above auteriol'ly. 
TlJere is not the least trace of posterior boundary of theorbit. Tho 
squamosal procesR overlaps the malar bone extensively, terminating in 
a point, the latter ending obtusely. The malar is supported in front by 
a maxillary process, which is united with it by a zigzag suture on the 
outer face and a squamosal one within and below. The foramen infr(~
orbitale exteri-us is large, and issues a short distance in front of the orbit, 
not so near it as in the elephants. From this po-int to the ridge inclos
ing the canine alveolus the ~ide of the maxillary bone is deeply concave, 
aud the palatal surface correspondingly contracteu. The l>one is con
timw<1 upwards and outwards as the external part and apex of the mid
dle horu-eores. Anteriorly it is bonmled by the vremaxillary to a point 
as far anterior to the base of the l1oru as the witlth of the latter; behind 
that point it is iu contact with the nasals. TlJe premaxillary is prolonged 
up~ards and backwards into a narrow tongue. Its iuferior portion is 
convex al.Jo,·e on each side, concan; below, with projecting alveolar bor
ders, which are flat and slightly concave fore and aft. The extremity 
of each is rugose below, supports a prominent tubercle medially and a 
smaller one at the superior angle. 

The exterior nares are uot separated by osseous septum. Their lateral 
borders are marked on the inferior surface of the 1tasal and premaxillary 
roof by a cun·eu ridge or crest, which conYerge for~arcls and bound the 
interior conca\ity of the roof. Tuis gaYe support to muscular or liga
mentous attachments. TlJe posterior augle of tlJe nares is abrupdy ('X

~antted with thickened walls. The palate is rf'markably narrow, and 
1s most deeply excavated between the alYeoli of tbe tusks, or at tlte 
maxillo-premaxillary suture. From near tbis point to the palatine 
suture a low but sharp crest extends along the middle line. The width 
of the palate at the diastema is one-11inth of its le11gth. The diastema 
is. ~11ore thar~ half the length of the molar series. The pterygoi<.llwo<·f>sS 
ot tiJe palatme bones ilas two convergellt grooYes on its inferior surface. 
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The teeth nrc remarkable for the extent of the exposure of their slender 
roots, as well as tl1eir very small size as compared with the :size of tile 
auimal. Tbe tusk is sliglltly turned outwards at the tip and the inner 
f<tee is worn by attrition 'vith some opposi11g tooth for one- third its length 
011 the posterior third. The superior margin of tile enamel on this side 
i~ che\TOn-sbaped, the apex being only one-third the length from the 
extremity. It extends further upwards in front and on the outer side, 
bnt is worn in an O\Tal patch at the apex of the chevron of this side by 
contact with the inferior teeth, as alJove described. The cmtmel is smooth 
uehind, rugose in front. Tlw apex contracts reguhuly to a flattened 
olJtuse point. The fang is hollow for about half its length. 1.'he enamel 
of the molars is nearly smooth. Each one has a strong cingulum fore 
and aft, which is discontinued. on the imwr and outer faces except in P. 
1\1. 1, and l\1. 2. In tLe former, it is continued. on t!Je outer Ride at the base 
of the concavity of the exterior face; ou the latter, i·~ is continued 
round the iuuer side. The grinding surface of the P. 1\I. 1 is tripodaJ, 
and probably composefl of a worn crescent and inner tubercle. The 
others are transverse arrow-shaped; tlJe P.J\1. 4 is much wore ·worn than 
the others. '1\I. 3 is larger than .lU. 1. Its oblique crests have evidently 
been worn from before. All the molars have three roots, but the poste
rior pair are nnited. for part of their length in all. 

The 1,omer does not unite witll the superjor crest of the palatine bones. 
The sphenoid flattens out behind the pm.;tnareal trough and is co-ossified 
with the basioc~ipital. The latter is marked by two oval surfaces at tile 
place of suture, with a slight prominence between. No lower jaw was 
found with tllis specimen, but from the contraction of the parts opposed 
to it, it was evidently very small. 

Cranial measurements. 
M. 

Length from en<l nasals to end occipital condyle, (3 feet 1.5 inches) ______ ... ____ 0.930 
Width just l.>el.tiu<l end nasal shovels._. ___ .. ____ .. ____ .. _ ..... ____ .. ... __ .. _--· .192 
\Vi<lth in front of horus ...... ------ .... -----------·_---·---- .... ,------·---- · .132 
Wi(lth at base of horns in front. ____ . _______ ... _ ..... _--·. __ .... __ . ___ ._______ .205 
\Vid1h behind l.Joms at apex of frontal suture ...... --------·-----·--------- ___ .185 
\Vitlth above posterior edge rneat~s audiiorius ....•. ---------------- .••••. -----· .310 
\Vidth between apices horn-cores .... ____ .. ---- .. ____ -------------------·----_ .370 
\Vidth basis supraoccipital horn-core ----· ------ ·----- ·----- ---· ·---- · ---··-- -- .100 
Width inclndiug zygomatic arches, (greatest)._._ .... _____ .---· _________ . __ ---· .320 
Length of nasal bones to ridge between 11om-cores __ . _ ......... __ ... _......... .410 
Length of nasal boues to froutal suture . __ . _ .. _ .. _. _____ . _. ____ . ______ . _ •... _ _ .540 
Length of zygomntic fossa. above .. _-- . -- ___ .. _____ . __ ......•...•. --- ... -----. .230 
Length from angle nares to end shovel. ____ ... __ ••.. __ . _ •• _ .••.. _____ . _ .•... _ _ _ .205 
Length from anglo nares to end premaxilla-cy . _ ........ --· -- .••.. _ ..•. ---. ... . . .1G5 
Length from end premaxillary to basis of canine . _. ___ . _. _. ________ . ____ .. _ _ _ _ .120 
L ength from Cll{l premaxillary to basis of P . .M. 1 __________ .. __ .. _. _. __ ........ .276 
,Length of molar series. __ .. _ .. ____ .. _. ___ .. _. _ ..••.... __ . ___ . ____ . ________ . __ . .185 
Length of palate·----··---·-----·----··----- ..•••. -·---·---- ...•.. ---------- .450 
Length of pterygo-palatine crest .•.... --·-----·----·----·---·----··----·----. .200 
Length of S'[lhcnoid axis·----··--------·-----· ____ ---··-·--- ...... ---·.·----- .185 
LP11gth of basioccipital, (with condyles) .. ---··-----·----·---·------ .... ·----- .1:28 
Width between tips premaxillaries . ______ . _ ..•.. _ .••... _ .... _ .•.. __ .. . . . . . . . . .070 
\YHhh at canine alveoli. ____ .. ___ .... ___ . _____ ... ·. ___ ... --· ___ . ___ ... _....... .185 
\Yidth between canine alveoli .. _ ..... _ ... ____ . __ ••... _ .•.... _ ..•.•. ________ .. .080 
\YiLlth at diastema. ____ .. ___ . _____ ..... _. _ •.•••••• _. ___ • _ .. _. _. __ . _ .••.. _.... .050 
\Yi<1th between last molars .....• -------------·_·----·------·- ..••.. ---·---·-· · .070 
Witlth between pter~rgo-palatine crests .•.. ·----- .•.... -----· -----· ••.••. ---·. .OG5 
\Yitlt h of post-glenoid process. __ • __ . _ .••.. _____ •••• _. __ .. _. _. __ ..•••....• ____ . .095 
"Tidth uct.ween post-glenoid processes •••••• oooooo •••••• •••••• •••• •••• oooo •••• .085 
\Yidth basioccipital at front ...... ·------·--·- ...••. ·----- __ ·-------···-----__ .073 
\Yi<1th basioccipital at condyles·-----·----···--··-----· .•.•.. ·-----·------·-- .200 
\Yidth of space for t;ymp~mic chamber. ......• ____ ---· .•.•.. ·----··--- .... ---· .034 
Length tusk on cmvc, ( 1~.7 inches)._ .•..••••. _ .•.• _. _. _ ... _. _ .... _. _ ..•••... - .320 
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M. 
Diameter at miuulo do. (antero-posterior) ...... -----· .•••....••.. -............ .030 
Diameter at l>asc do. (antero-posterior) .. -- .......... ---. - . . . . . . . . . . . . . . . . . . . . . .063 
Diameter at mi<ldle do. (transYerse) ---- -----· ...... ---· ..••.....•.. ---- .•.... .000 
Diameter crowN P.M. 1 transverse-------- ..•... -------- ............ ·---··.. O;.>.) 
Diameter crown P. M. autero-po~:;terior ..... - ..•. -- .............. -... . . . . . . . . . .02-1 
Diameter crown M. 1 antero-posterior ............ ------ ........ ------------.. .0:~5 
Diameter crown JU. 1 transverse ...... ---- •............. ·------------·------ ... 034 
Diameter crown .1\1. 2 transverse ......•.•.....•....... ---· ...... --•-·· -----· .. .04~~ 
Diameter crown 1\f. 2 antero-posterior .... ·--------·--------------------------- .0-15 
Elevation of shovel al>ove base of apex of nasaL... . . . . . . . . . . • . . . . • . . . . . . . . . . . .0\50 

The measurements may require some correction in respect to the 
supraorbital width, where the cranial walls lmve suffered from compres
sion. 'fhe frontal of one side has been pushed so as to overlap that of 
the other by alJout an inch. 

'fhe scapulct is ·of a sub-triangular form, the front lJeing vertical, the 
apex dil'ected backwards and an angle upwards. 'fhe posterior expan
sion is consideralJle, as in the elephants, while the superior angle is 
acuminate and much produced and massive. Tile spine is much elevated, 
bonn ding a deep supra.spinous fossa. It is truncate in front, descending 
to near the border of tbe glenoid caYity. Its extremity is dilated in 
alate fashion, equally fore and aft, and not posteriorly only as in the 
elephants. Tbe glenoid cavity is flattened so as to lJe longitudinal, and 
tlle coracoid is a rudimental tuberosity. 

J1feasurements of scapula. 

Totallen,o-tb, (25.25 inches) ..••......•....•. - ..........•.........•........... 
Total wi<.lth .... ------ ...... ---- .•.. - .......•...... ---· ·----· ---- .... ____ ... . 
Length apex from spine ............ -----·---- .... ---- ............... ---- .... . 
Elevation of spine proximally .........••. -----· ...................•.......... 

~~i~i~h o~!·dl~~~~~ c~~~~i- ~ ~: ~ ~ ~ ~ ·: ~ ~:: ~ ~ ~ ~:: ~ ~ ~ ~: ~ ~ ~ ~ ~: : ~ ~ ~ ~::: ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~:: ~ 

l\I. 

0.640 
.420 
.140 
.1:25 
.185 
.110 

The interior side of the scapula is strongly convex lJy the develop
ment of t\YO longitudinal ribs, one corresponding to each fossa, lJut con
caYe in longitudinal section. 

The proximal end of the radius exhibits two facets oblique to each 
other, the larger concave and transverse, the other oblique downwards. 
Transverse width J\L 0.130; vertical .010. The extremity of a humerus 
not found with tbis individual, to which the radius applies pretty we1l, 
has a very oblique trochlear face, and measures seven inches across the 
condyles. It, however, belongs to a smaller species. 

The je1wur is entire. Like that of other species of the group it is 
much expanded proximally aud deep distally, wiih tbe shaft contracted 
and somewhat flattened in the plane of the great trochanter. The lat
tH' is in one plane, with its external margin turned a little backwards. 
The llead is part of a globe, and is a little more eleYated than the tro
chanter, and separated from its apex by a shallow concavity. There is 
no little trochanter. The troclllear face is not elevated nor wide, aud 
with la.tRral borders subequally developed. The antero-posterior axis 
of the condyles is somewhat oblique to a line at right angles to the 
proximal end. On this account th(~ interior condyle is the longer; its 
articular face is continuous with the trochlear, with a marginal notch; 
the outer condyle is continuous, with continuous outer margin. Strong 
ridges revolve from above the condyles to the posterior face oftbe l:lhaft, 
the inner near the condyle. The outer runs parallel to the main axis as 
a low exterual ala, and backwards three inches aboYe the cOJldyle. The 
face between the ridges is concave. 
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JJicasw·ements of felmo·. 
M. 

Total length, (31.75 inches)·---------- -----· -------- -----· ·----- ·----- ...... 0. i47 
Total proximal widt.h. ·----- __ .... ______ .......... __ .... ------ .............. _ . ~;);> 
Diameter of l:mll ............................................... __ ...... ____ . . 1:~() 
Transverse diameter at mk1c1le of shaft .................................. ___ . . . O:lu 
Antero-posterior diameter at middle of shaft ........................ ------ ____ .Oi.t 
Antero-posterior uiameter condyles posteriorly ........................... _ ... _ . 100 
Transverse diameter condyles posteriorly .................................... _ . HiO 
Transverse diameter condyles distally .......... ------ .... -----· ............... 145 

The pel·vis bas a large transverse expansion. The iliac plates are ovoid 
in outline, with the apex outwards and downwards. The margins are 
rather thin excepting tbe internal above the acetabulum. These are 
massive, and with a longitudinal excavation. They terminate in a deep 
oblique excavation for the diapopllyses of the sacrum. The inferior 
margin rises compressed from just aboYe the acetal.mlum. Tlw latter is 
large for the ·size of the ilia, and its margins rise to a sligh1, ele·ration 
beneath the exterior margins of the latter. The incisunt acetabuli is ob
clavate, and nearly symmetrical. The os ischiu'tn is compressed and 
deeper than the pubis. It possesses a tnbero8ity on the posterior in
ferior margin. The obturator foramen is small, and is a vertical oval. 
The pubis is rather slemler and short. Its section at base is subtrian
gular; beyond, it becomes more compressed, and is spirally, twisted on 
itself through a part of a circle. Its anterior margin near the symphy
sis, is strongly rugose for the origin of the pect-ineus muscle; the rugo8ity 
exteuds iuto a band on the outside of its proxiwal portion. 

Measurements of pelvis. 
M. 

Long diameter of ilium ..................... --.---·--· ..... __ ........... -- ... 0. 605 
Trausverso diameter at acetabulum ........ -- ..... --· ...... ___ .........•... __ . 4:>0 
Len,gth inferior free mn.rgiu do ....... _ ............•...... _ •.......... __ . __ .. _ . 250 
Long diameter acetabulum .... __ ............ __ ......... _ .... ___ .... ___ .. . . . . . lGO 
Shorter diameter ncetabulmn ..•.............. ·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:30 
Shorter diameter obturator foramou...... . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . 070 
Width ischium to tuberosity ..................... _ ...... _ ...... ___ ...... _.... . 140 
Length iscbinm at tuberosity ...... ·----- ·.-. --- ............ ·----· ------ .. ---· .110 
Diameter pn bis at obturator foramen .................. _ .... _ ...... _. . . . . . . . . . . 062 
Expu,nse of ilia laid ou a flat surface and with sacrum in place, ( 4.2 feet) ...... 1. 280 f 

The general character of the pelYis is more like that of the elephant 
than that of any Peri13sodactyle. It agrees with the former and diflers 
from that of the rhinocerus iu the shortness of the pedestals of the ilias 
or ratller in tlle ses8ile position of the latter on the acetabula; also in 
the absence of production of the iliac crests in adnmce of and above 
the sacrum. It is also elephantine in the shortness of the inferior ele
ments of the pelvis. 

Of vertcb-rcc, there are preserved a dorsal, two lumbar, and some 
sacral. l'he first is Yery short and trans\·erse. lt is so injured thai I can 
only give measurements. The base of the transverse neurapophysis is 
a fiat oval; both capitular articular surfaces are deep. The anteri{)r 
lmnbar is longer, but still short; its nrticular faces are .slig!Jtly concave. 
The nenral an:h i:-:; wide, and supports the diapophyses. TLe sides of 
the centrum ~re concave and pierced by foramina, and there is a strong 
1·ngosc llypapophyseal keel. The Rection at the middle is subtriangular. 
I have three sacral vertebrm which are separated by very distinct sutures. 
They diminish very rapidly in size, and the ceutra ueeome flattened 
trans\·en:;e. It i:::; doubtful \rhether there was a fourth. \'ertebra, and 
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the tail must have been short and slender. The articular face of the 
fir~t is a transverse, rather broad ellipse, and twice the diameter of the 
tbird distally. The diapophysis of the second is much the stoutest. It 
unites with the subvertical plate-like diapophysis of the first as well as 
with that of the tl.Jird. It is concave above, and terminates <li~;tally in 
a massive L-shaped surface of articulation with the ilium. The foram
illa inclosed by tlle diapophyses are quite large. The inferior face of 
tl.Je first sacral centrum is slightly concave with a hypapophysial tuber
osity in f1-=ont; it is strongly concave in the second. 

llfeasttrements of vertebrm. 
M. 

Antero-posterior diameter of dorsaL ..... __ •• . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . 0. OH 
Diameter at bot,tom nonral arch do ....... ·----------··----· ...... -----·...... . 0-10 
Length l>a::;e of uenrnpophysis.... . . . . . . . . . . . . . . . . . .. . . . . . • . • . . .. . . . . . .. . . .. . . . OH 
Diameter centrum lumbar, (Yertical). _ ............... _. _ ..••.... __ .....•.. _.. . 090 
Diamotcr.centrum lnmuar, (transverse)------ .......... ---·------ .... ---- ..... 110 
Diametercentrnmlnmbar,(antero-posterior) ...................... ---· ____ ..... 080 
Leugth three sacral vertcbrm ----- .............. ------ ........ -----· .... .... . :2·26 
Transverse extent of sacrum, (15 inches)------------.-----· ____ .... -----·.... . :, .u 
Diameter first vertebra. at free end, (trans•erse) (4.6 inches)·----- ........ ____ .122 
Diameter tirst vertebra at free end, (vertical)·----· ............ ____ .... -----· . 0!>3 
Diameter last vertebra at free end, (vertical)------.·----· ____ ------ ____ ...... . 0~1 
Diameter la"t vertebra at free end, (transverse) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 065 
Total expanse of h ea(1:,; of rib ...... -----·---· .... ------ .... ________ .... ------ .lOG 
Diameter capitular face, (\·crtical) .......... ---- .......•......... --· .. _ .... _ .. . 048 
DianH'tcr tubercular, (v6rtiool) _ .... _- ........ --.- ... --- ..• --- ... --· ---....... . 030 
Width rib just lwlow head ..•.......••........ ---·.---- .... ·-----,........... . 050 

R estoration.-We may ascribe to the Loxolopho(lon cornutus, form and 
proportions of body similar to those of the elephant. Tbe limbs, how
ever, were somewhat shorter, as the femur is stouter for its length than 
in the E. indicus. It was Rimilar in this respect to certaiu species of 
mastodon. The tail wa~ quite small. The neck was a little longer 
than in the elephants, but much less than in the rhinoceroses; the 
occipital crest gave attachments to the ligwnenturn nuchm alH:l muscles 
of the neck, which must needs have been powerful to support the lo11g 
muzzle with its osseons prominences, and to handle with effect the tern
b1e laniary tusks. The head must haye been supporte<l somewhat 
obliquely dowuwanh, presenting the horns somewhat forwards as well 
as upwards. 'rhe third or posterior pair of horns tm-rered above the 
middle ones, extending vertically \Tith a <livergence, wheu the hea<l was 
at rest. The po~terior a1Hl middle pair of horns were no doubt covered 
by integument in some shape, but whether dermal or corneous is 
uncertain. Their penetratiug foramina are smaller than in tl.Je Bovidw. 
The cores have remotely the form of those of the Antilocapra americana, 
whence I suspect that the horus had an inner process, or were palmate 
as in the prong-horn at present inlmbitiug the same region. The nasal 
shovels may have supported a pair of fiat divergent dermal horns, but 
this is uncertain; they are not very rngose. 

The elevation of the animal at the rump was about 6 feet, distributed 
as follows: 

JJleasurements. 
Inches. 

Foot ..••.•...•...•.•..•..•.• - .•..... -. -- .• -..•...••••..••..•..• -.. • • . . . • • • . . 4. 50 
Tiltia _ ..... _ .•••....•.......•.... - .. --- ••......• -. -- ..... -.-. - .. - . . . . . . . . . . . . 20. EO 
J<'CJUUr ••••••••••••••••••••••••••••••• -- ... - ••••••••••••• -.- ••• -.- --· •••••••• 31.75 
Pelvis .........••.....••..••...•••.•••..•.... -........ - ....••.......... - . . . . J 6. LO 

72.75 
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The anterior limb vms stouter than the posterior, judging from the 
proportions in Eobasileus p'ressicornis, aud was no doubt more eievated 
if of the Proboscidian character. Tllis would gi\e us the hypothetical 
elevation at tlle withers: 

.Lll easu rements. 
. Inclw~. 

Leg .... _ . . . . . . . • . . . . . • • • . . . • . . . . ~ _ •....... _ . _ . . . .......•..... _ ....••.. _ . _ • . 61. 00 
Scapula, (actual) .... _ ..............................................•.•.. _ ... 21. 00 
Neural spines, (extremities) .. _ ............................... ___ . _____ ... _ _ _ _ 7. 00 

Or 7 feet 5 inches. __ ... ___ .. _ .... _. __ .• ____ ... ___ ..... _. . . . . • • . . . . • . . . . • . • . . 89. 00 

These measurements are made from the plantar and palmar surfaces, 
a11owance ueing made for the pads. 

The neck, estimating from the dorsal vertebrm and from the cervicals 
of other species preserYed, could not have very much exceeded 1 foot in 
length. This, added to the length of the cranium, gives a total of near fonr 
and a half feet. The obliquity of the antero-posterior axis of the cervical 
vcrtebrre indicates ~lJat the bead was posteriorly elevated n,bove the 
a. ·is of tlle dor:::;al vertebr::e. Tlms it is entirely clear that the muzzle 
of this animal coul•l not haYe reached the grou·nd by several feet, all(l 
tbat, as oecnrs in the similar cases of the tapirs and Plephants, there 
was a proboscis to supply that necessity. The indications deri,·ed from 
the bones of the muzzle confirm tllis conclusion, as has been alreat1y 
pointe<l out. 

Fnrther than this, the syrnph:vsis rnarlibuli is -very short and narrow, 
and its teeth could h<l\·e had no adaptation fur cutting off Yegetation. 
The mental foramen is small, and the small nutrient artery thus indi
cated is entirely adver~e to belief in a powerful or prehensile nuder lip 
to make up for the nsele8sness of tl-ie teeth. 'l'he loug decurved caniue 
teeth would, utoreon~r, partia1ly preYent the lips from tonchingthe groull(l. 
The posterior position of the molar teeth indicates use for a proho::;cit:> as 
well as for a long, slender tongue. The fact that tbejoramen infraorbitale 
of the Lo.rolophodon is less tban in the elephants, iu uo wise militates 
against the possession of a proboscis, for it is still smaller in the tapir, 
which has one, and larger in many rocMnts which are without it. There 
conld have ueen no interference from horns near the ench; of the 
nasal bones, for tlw bases of these prQject beyond the origin of a pro
boscis, and were directed outwards, while tlJe latter hung downwards. 

This species was probably quite as large as the Indian elephant, for 
the indi,·idual described is uot adult, as iu<licated by the freedom of the 
epipllyHes of the lnm bar Yertebrre, and fragments of others in my posses
sion indicate yery cou~iderably larger size. 

Habits.-Tbe very weak dentition indicates soft food, no doubt of a 
vegetable character, of "·llat particnlar kin<l it is not easy to eli viue. 
The long canines were no doubt for defense chiefly, and may have been 
n::\eful in pulling and cutting vines and branches of the forest. 'l~he 
horns furnished formidable weapons of del'euse. 'l'hat the anterior 
na~al pair were not used for rooting in tlJe earth is evident from tlle ele
vation of the Lead, which would re:uder this impossible. 

This huge animal must have been of defective vision, for the orbits 
have 110 <listiucti,~e outline, and the eyes were so overhung by the horns 
and <·ranial walls as to have been able to see but little upwards. 'l'he 
muzzle an(l crauial crests have obstructed the view both forward and 
ba<'kwnnl, so that tllis beast probably resemblefl the rhinoceros in the 
ea~e '"ith which it might have been avoided when in pursuit. 

Sunonymy.-Accordiug to l\1arsh, he described tllis species Septem-
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~1, 187~, under the name of Tinoceras grctndis, which thus becomes 
· a synonym of Loxolophodon cornutus. As t!Je name Tinoceras had UC\'Cr 

been described prior to that (late, although applied to the TitanotJw
'tiu?n (?) anoep8, 1\f arsh, preYiously without description, tllis name becomes 
a synouym of Lo.rolojJhodon or Eobasileus, should the two latter ulti
mately proYe to be identical. 

Localitu.-The remains of the Loxolophodon corwutus were found by 
the writer in August, 1872, in a ·ravine of the bad lands of \Vyomiug. 
The greater part of the cranium, femur, &c., were exc<n-ated from the 
base of a cliff of perhaps 250 feet in height, on the side of a ravine ele
Yated about 1,000 feet, in the Mammoth Buttes, on South Bitter Creek. 
As tlw basin of Bitter Creek is 7,500 feet .above tlle sea, tlle fossil was 
tr..ken from an elevation of 8,300 feet. The horizon is the Bridger 
Group of the Eocene of llaydeu. 

EOBASILEUS, Cope. 

Proceedings of the American Philosophical Society, 18i2 p. 485, ( separata, August 20.) 

As pointed out abo,-e, this genus resembles Lo.r:olophodon i.n the 
cervical vertebrrc, bnt agrees with Uintatlzeriwn in the rudinwntal con-

. clition of the na~al horn-cores, whieh are mere tubercles. The poste
rior or tllird pair of horn-eores are also "\'"ery different, and probably 
stau<l OIL tbe largely developed lateral crests of the superior surface of 
the cranium, as in Uintathcrium. They are apparelltly preserved in E. 
f'urcatum, (which is not the type of the genus,) and are compressed from 
base to snmmit; in Lo:colophodon the base is nearly cylindric. 

Tlw characters of this genus had not been indicated in any of the 
descriptions published by 11aleontologists prior to its establishment as 
above cited.. 

The cervical vertebraJ in E. pressicornis are very short. The limbs are 
much as in Lo.rolophodon, as are the scapula and pelvis. The symphysis 
p 'ubis of E. pressicornis, or an all~', is short, and was separated from the 
ischia<lic symphysis.; but whetller this belongs to tlle genus is not 
entirely certain. 

The wwifonn bone, of perhaps the same species as the above, displays, 
as in living proboscidiaus, three i:1f~rior facets. The external facet is 
deeply concave, and unites with the superior face by an acute angle. It 
supported the small outer toe by its metatarsus directly. The other two 
are more uearly on one plane, and are deeper than wide. The unciform 
is in form a little less than a quarter of a circle, and the external (m1terior) 
depth is one half its trans\erse leugth. Its superior surface is slightly 
convex. 

EOB.ASILEUS PRESSICORNIS, Cope. 

Lo:roloplwclon pre.ssicornis, Cope. Proceed. Amer. Pbilos. Soc., 1872, p. 5eO, (published 
An~ust 19.) Loc. cit., p. 4tl8, (Augnst ~2.) Eoba8ilcus cornutus, Cope, l. c., p. 485, 
( Angnst 20,) not Loxolvphoclon conmtns, Cope, l. c., August 19. 

Represented by numerous portions of the cranit1'm, with fi·agments of 
Jim bs of one individual; of almost all portionE! of the skeleton, except 
the cranium, of a second. A. humerus, with astragalus of a third, is of 
uncertain reference, while a single humerus of another specimen may 
belong here. Fragments of several other individuals of appropriate 
size may pertain to it. 

The cranium is represented by nasal, maxillary, malar, occipital bones, 
&c. Tlle first named has a balf-conie apex, and an oblique compressed 
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tnbcrosity, which forms the lateral border behind it, and is directed 
obliquely upward. The apex of Pach nasal is vertieaH,r compressed 
acnte, and i::; deeply pitted and rugm,e for mu::-;cular or ligamentous 
attachmeuts. The inferior lateral marginal ridge is contracted, and 
iiwloses a concave median space. The tuberosity sinks to the J~:wel of 
the median suture. The posterior part of the nasal rises to the apex of 
tue middle born-core, forming its imwr face. The postero-superior angle 
of the premaxillary reaches to near the base of the horn, auu is not 
drawn out to a narrow apex as in £. cornut1.ts. Tlw horn is compressed 
antero-posteriorly at the base; at the apex obliquely inward and for
ward. The outer face is concave on the lower lutlf; the inner, convex. 
The posterior face is concave and tile anterior convex, when viewed 
from the siue. 

JJ[easurentents of nasal bone. 
M. 

"Ticlth ofboth a.t tuberosity ...... ------------------------ .... ---··· .... ----·- 0.1:24 
\Yidtll ofuotll a.t ba.se of distal cone .............. __ .................... __ ..... OliO 
Depth of snture at front of tuberosity ..... _ ................... _ ... _...... . . . . . 0:30 
Leugtll of suture, from prcma.:s:illary to horn-core ...... _ .......... _ ...... _ .. _ . . . 0:35 
Length of horn-core, (in front,) (6 inches) ........... _ . . . . . . . . . . . . . . . . . . . . . . . . . 1.)0 
DiamctPr, (e:s:terna.lly) .......................... __ .......... ____ .. .. .. . . .. .. . 0:.!0 
Diameter of tl>pcx- .....••••. - ..••....• - ....• _ •.•..•••••.......... _ ...• _ . . . . . . . 048 

The occipital region is furnished with an enormous transverse crest 
which ext<'nds upward and backwanl. Its margin is gently conYex, 
and its supero-anterior face concave. Tlw posterior iR narrowed by the 
inferior crest-lil\,e margins of the temporal fossre, which extend from the 
sqnamosal part of the zygoma and gradually contract~ terminating 
aurnpt1y in a low knob where it joins tbe tra.nsver::;e crest. Tile poRte
rior face hetwecn the formrr is divided into two phmes by a low Yertieal 
ridge, which terminates some distance below the summit. The trans
verse crest is coutinurd in a curve forwards on each side as the superior 
margin of the temporal fossa. 'l'lle specimen does uot indicate whether 
tlwse crests supported horns, but they are very stout. 

llteasu'rements of occijwt. 
M. 

Elevation fromfomnwn rnagnmn .. •..........••• ···-·· ........••...•.•.....••. 0.180 
\Yidtl.J. hetwcPn inferior temporal crests .............. -- .... __ ............ __ .. . 2GO 
'Yidth of coud;y1es with foramen . -.- .. -.. -.-. _ ... - .... -- .... --.- .. -.. . . . . . . . . . 1 0 
Elc>ation above internal biunses at angles ................ -- ........ ----...... .180 

Tlw mastoid tuberosity is si10rt and f;tout; the mnstoi<l foramen is 
large and Hot piPrcing: a crest. The ex-oecipital suture i~; obliterated. 
'lbP A -Rllaped crest behind the meatnR in Lo.x:oloplwdon conwtus is little 
mal'ked here. The surface of the bone bas Yarious musenlar impres
siollS. The basi-occipital exhibits a low median crest diYidiug lateral 
coneadties; trans\·erse width at condyles .077 l\I. The fragmeuts of 
teeth arc too uncharacteristic for specific descl'ivtiou. Numerous cra
nial fn1gments accompany the aboYe, lmt ha.Ye not 3·et ueeu properly 
placed. 

'rite atlas is broken ; its cotyloid cavities are rather shallow, and the 
diapoph;vses small. Its antero-posterior diameter below at the middle 
line is .070; at base of diapophysis .070. The coud_yles of the femur 
JH'Psent tlte characters of the group. There is a deep Yertical groove on 
the inner si<le jnst above the condyle. The latter approach each other 
closely on each side of the intrrcondvlar fossa and are flattened on tlw 
snperior posterior margins. \Vidth aeross extremities l\I. .150. 

At a distance of 100 or 200 feet from the a !Jove specimen I found 
portiom; of the skeleton of a smaller animal, probably a different bnt 



GEOLOGICAL SURVEY OF THE 'I'ERRITORIES. 577 

allied species. It is represented by portions of ribs and limbs, of which 
the ulna is described under Uintatlwr·iurn. Two or three hundred yards 
from the typical specimen, I obtained remains of almost all parts of the 
skeleton of what is probably the present species. The femur is identical 
in character. 'rhe specimen embraces cervical, dorsal, and lumbar -verte
brm, ulna, both femora and tibim, astragalus, navicular, &c., and large 
parts of the scapulm and pelvis. 

The scapula, in its proximal portions, differs little from that of Loxo
lophodon cornutus, beyond its inferior size. The coracoid is a compressed · 
tubercle inclosing a groove with the glenoid cavity. 

:Measurements. 
M. 

Diameter glenoid cavity, (longitudinal) .........................•....•.••.... 0.168 
Diameter glenoid cavity, (transverse) . .. . . . . . . . . . .. • .. . . . .. . . . . . . . .. .. .. . .. .. . 098 

The os pubis displays a strong pectineal rugosity, commencing near 
the acetabulum. 

Measurements. 
M. 

Long diameter of acetabulum ................................................ 0.143 
Length common pubic suture ............................................. _. . 108 
Diameter pubis, near acetabulum .................................... ____ .... . 052 

The femur is nearly as long as that of Loxolophodon cornutus, but is 
more slender, and has a relatively smaller head. It is :flattened fore 
and aft, and the great trochanter is much expanded and with a shallow 
concavity on the posterior face. There is a marked concavity on the 
posterior face of the shaft above the condyles. There is a rudiment of 
the little trochanter. The tibia is scarcely three-fourths the length of 
the femur, and has a rather contracted shaft, which is in section rounded 
triangular, one angle presenting forward. There is no spine except a 
rudiment in the swollen upper portion of the anterior ridge. The articu
lar surfaces are together rather narrowly transverse. They are sepa
rated by a keel which is undivided posteriorly; anteriorly, the contiguous 
margins of the coty li separate. Tile long axis of the inner of these is 
directed antero-posteriorly outward in front; of the other, similar but 
much more transverse. It overhangs the sbaft outward and backward, 
and supports beneath, the sub-round down-looking fibular articular sur
face. The distal articular surface is distinguished from allied species 
by the downward prominence of the malleolar process, the antero-poste
rior width, and the greater extent of the fibular articular face. The 
face is slightly concave antero-posteriorly, and openly sigmoidal trans
versely. 

liieasurements of leg. 
M. 

Length with ast.ragalus in place ... ~.. .. .. . . . . . . .. .. .. • • .. .. .. • . . .. • • . . . .. • .. • 1. 200 
Femur, length ............................................................... 750 
Femur, diameter ball...... .. . . .. . . . . .. .. . . . . • .. . .. .. . . . . . . . . . . . • . • . . .. .. . . .. . 118 
Femur, width at great trochanter...... . . . . .. .. . . .. .. . . . . . . .. .. .. .. . . .. . • . . . . . ~20 
Femur, width at middle shaft................................................ . 091 
Femur, depth at middle shaft .. .. .. . .. . . . .. . . .. .. .. . . .. .. . . . . . . . . .. .. .. .. .. . . . 060 
Tibia, lengt,h .............. __ ...... .. .. ...... .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. . 470 
Tibia, width proximal surfaces, (transverse) . . . . . . . . . . .. .. . . . . . . .. . . . . . . .. . . . . . 147 
Tibia, width proximal surfaces, (antero-posterior)............................. . 07J 
Tibia, transverse diafi?.eter shaft _. _. _ ... _. _.................................. . 061 
Tibia, antero-posterior diameter shaft . .. .. . . .. .. .. . . .. .. . . .. . . .. . . .• . .. . . . . . . . 065 
Tibia, antero-posterior diameter shaft, distal articulation...................... . 092 
Tibia., transverse diameter shaft, distal articulation .................. _ . ... . . . . . . 121 
Fibula, length .. .. .. •. .••••. .•.••• ..•••• .•.. ...•.. •... ••.• .. •. .. .. .. .. •. •. •. . 430 

37 G S 
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. Measurements. 
M. 

Fibula, transverse width at middle .. ________ -- ____ . ______ -- __ .. ------ __ ------ . 032 
Fibula, width proximal articular face ________________ .. ____________ .. ______ .. . 042 
J<'ibula, width malleolar articular face, (transverse). _________ ............. _... . Ofi2 
Fibula, widt,h malleolar articular face, (longitudinal) . . . . . . . . . . .. . . . . . .. .. .. .. • 044 

.A. section of the fibula, near the proximal end, is sub-triangular; a 
short distance below, sub-circular; on the distal two-thirds it is flat, 
with the thinner edge con,Tex inward. 

The astragalu& is a flat bone, with its entire superior face occupied by 
the tibial articular surface. This is as broad as long, and very little 
convex. It is broader in front than behind; the outer margin is con
cave, the inner slightly convex. The posterior margin projects most on 
the Ol)ter side, and it is divided by a pit-like cavity, which sends a 
grooYe to the inner margin. The outer malleolar surface is an antero
posterior oval; the inner, a concavity, beyond which the inferior por
tion of the bone projects. The inferior face is divided by a prominent 
transverse angle, between sub-anterior and sub-posterior faces. The 
latter receives the calcaneum on two oval surfaces, which are joined 
behind by a narrow strip. The navicular face is sub-rhomboid, the 
cuboid one-third as large, and triangular, with a round base outward. 
The margin 9f the former scarcely projects beyond the superior face. 

lJieasurements of astra-gal~ts. 
M. 

Total width ............................... _ ..... _ ... _ .. _ •... _. . . . . • • . . . • . • . • 0. 128 
Total length .. - ..... --- .. ---- .. -.- . -- •.................• _ •.•.• _ ........ _ . _.. . 107 
Width tibial face in front ...... ·---·· ........................................ ·.090 
Length tiuial face, externally ... -- ...... ---- ............ ---- .......... ____ ... . Or:l8 
Length internal malleolar face _ ....... _ .... _ .... __ ... _ ....... _____ . _____ ... _. . 045 
Length outer calcaneal, malleolar face, antero-posteriorly .. _ .... __ ...... . . • . . . . 050 
Length na.vicnlar facet ........................... _ ................ ___ . .. . . .. . 085 
Width navicular facet, (antero-posterior) .................. __ .. _.............. . 060 
Length cuboid facet ..................... _ .. _ ........................ _....... . 065 
Widt-h cuboid facet, (antero-posterior) ........ __ .. __ .... __ ....... ~----........ . 035 

.A. cuneiform belonging to the individual mentioned first, has been 
already described. 

Measurements of cuneiform. 
M. 

Depth in front ................................ _. _. _. __ . _ ... _ •• __ . . . • . . . . . . . . . 047 
Width, (transverse) ...... -- .. -- .. ---- .. -- __ .. -- .......... __ ... ____ .... ______ . 095 
Width of internal facet ........... _ ....•... __ ..... _ ............. _ •• . . .. .. .. .. . 038 
'Vidth of second .............. _ .•................... _. . . . . . . . . . . . . . . . . . . . . . . . 027 
Width of third ......... _ ........... _ ... _ ............... _ ... _ ...... __ . _ ... __ . . 043 
Width of extemal. ................................... _ .................... _ _ . 026 

.A. distal end of a humerus was found with two astragali about 100 
yards from the last in<lividual. The articular face is very oblique to 
the transverse axis, but is about equally developed on opposite sides of 
the shaft. The condyles are unequal, have parallel axes, and are sepa
rated by but a shallow concavity. The fossre of opposite sides are not 
very large nor deep. 

J.feasurements of humer'llS. 
M. 

Transverse diameter, distally ............................ _... .. .. . . • . .. .. . . . . . 175 
Transverse ofinner condyle .. __ .. ________ .... ____ .... ______ ...... ______ ...... .104 
Transverse of outer condyle ____ ... ___ ......... _ ...... _. __ ... _....... .. . . .. .. . 125 
Transverse diameter, olecranon ................................ _. . . . . . . . . • . . . . 110 
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portion of 'ttlna just measured belongs to the individual of which 
so many fragments were found, or No.2. 

The dorsal vertebrm of the same are somewhat distorted by pressure; 
I will therefore describe a cervical of natural form. The centrum is very 
short, and the articular face is a wide, transverse oyal. Both are slightly 
concave, and the axis 'being slightly oblique, the anterior is the more 
elevated. The surface of the latter is quite rugose, except on the mar-
gins. The cervical canal is wide, aud the neurapophyses anu para
pophyses narrow. Inferior surf~LCe regularly convex. 

JJieasu,rements of cervical 'certebra. 
M. 

Length centrum ..... __ ...... - ...........•........................ _ .... -. . . . . . . 044 
Length basis neurapophysis ... ___ .................... _.. . . . . . . . . . . . . . . . . . . . . . . . 040 
Length anterior articular face ... -...... -... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
Depth anterior articular face..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . ORII 
Width neural canal at base ................ -... . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 060 

Relations.-Besides the difference in the development of the anterior 
nasal tuberositiPs, which might be sexual only, this species differs from 
L. cornutus in the simple naso-maxillary born-cores, which want the 

•interior tuberosity of that species, and in the fact that they are com
posed exclusively on their inner sides of the nasal bones to the apex,~ 
the maxillaries forming the outer face. E. pressicornis bas also a much 
wider and less massive supraoccipital basin, with lighter horn-coret~, 
if present. Minor differences have been already mentioned. 

The measurements given by Marsh for his Titanotherium (?) anceps 
(later Tinoceras anceps) are considerably smaller than those of cor-re
sponding parts of Eobasilmts pressicornis, but represent more nearly a 
species of the size of Uintatherium robustum. When the species is suffi
ciently described, we shall be able to determine to which of the genera 
it should properly be referred. 

Restoration.-r"J~he elevation of this animal was not much less than 
that of the Loxolophodon cornutus, but the proportions were more slender; 
as in all the species of Uintatherium in which the horns are known, 
these appendages stood in front oftbe orbits, and nearer the nareal open
ing than in the type of the former genus. The muzzle, too, is materially 
shorter and more contracted, and the true apex of the muzzle was not 
overhung by the great cornices seen in Loxoloplwdon. The horn-sheaths 
were probably simple, while in L. cornut~ts they were probably palmate. 
The occipital and parietal crests are much more extended in this species 
tllan in the.£. cornutus, so that in life the F~nout and muzzle had not such 
a preponderance of proportion as in ~hat species. All the species of this 
genus were rather more rhinocerotic in the proportions of the head, 
although the horns and tusks produced a very different physiognomy. · 
The extremities of the nasal bones, though not excavated as in that 
species, are strongly pitted and exostosed, and this, taken in connection 
with the elevation of the bead, renders it probable that this species also 
possessed a proboscis. 

History.-Tbis species was originally described by the writer in a short 
paper, which was published and distributed August 19, 1872, under the 
generic name Loxolophodon. I shortly afterward referred it to the new 
genus Eobasile'lts, under the name cornutus, under the impression that it 
was the same as the Loxoloplwdon corwu,t~ts; but finding this was not the 
case, I again used the specific name here adopted. 
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EOBASILEUS FURCA'l'US, Cope. 
Loxolophodon bifurcatus, Cope, in extra copies on Proboscidians of the Eocene of Wyo

ming, August lD, 1872.... Loxolophodon jtt1"Catus in the same: Proceedings American 
Philosophical Society, 1872, p. 5tl0, separata, Aug. 20. L. c. 488, August 2~. 

This species was originally described from a large horn-core whose ex
tremital part resembles strongly the nasal shovel of Eobasileus cornut'lJ;s, 
on which accouut I referred it to that position on the skull. Marsh has 
described somewhat similar horn-cores from the lateral crests of the 
skull behind in U. mirabile, whence it may be that my specimen is 
referable to that position, although it differs much from those of that 
species. 

The basis is very narrow and lenticular; a short distance above it the 
outer side is convex. The anterior and posterior extensions of the base 
differ; the one is thinner, the other more massh·e and with a shallow 
groove above its commencement. The latter may be posterior. If so, 
the compressed apex of the horn-core sends down a rib outwardly to the 
anterior and one inwardly, which disappears on the convex base. The 
general form is spatulate with the apex expanded obliquely across the 
lateral crest, and regularly rounded in superior outline. Its anterior 
fa e is flat, the posterior con vex; its surface is grooved by very small 
blood-vessels. 

As compared with the posterior born-core of Loxolophodon cornutus, 
there is every difference. That is continuous with one margin of the 
crest, this erect aboye it; that has a round base, this a lenticular one. 
It is more like that of U. 1n'irabile, which I only kpo\Y from Marsh's fig
ure, but abundautl.Y <listinct. It is much more elongate, especially above 
the 0) posterior part of the crest, aud is flattened, and without the trian
g-ular ~ection of that species. 

Measurements of horn-core. 
M. 

The totallen~th above crest, (5. ~inches) ...•... ------ ............ ------------ 0.135 
The total length alJove.base, (7t mches) .................. -------------------- .lbO 
Width across apex~ (in fi·ont) . .. . .. . . . . .. . . . . . . . . . . .. . • . . . . . . . . . . . • . . . .. . . . . • . 095 
Thickness across apex, (in front) .... ---------------- .... ---------------- ..... 028 
Thickness at l>ase ................. ---· ·----- ---- --·-- ·----· ---- ---· •.•...... 040 

It is not certain that this lwrn may not belong to the E. pressicornis, 
if it be a po.sterior core, of IVltich, however, I am not yet sure. In that 
ca:se the nam~ furcatus, under which it was first described, becomes a 
sy uonym of E. pre:ssicornis. 

UINTATHERIUM, Leidy. 
Proceedings Academy Natural Sciences, Philadelphia, 1872, p. 169, (published August 

1st.) Uintantastix, Leidy, loc. cit., Dinoceras, Marsh, Amer.Journ. Sci. Arts, 1872. Octo
ber, Ul72, (published September 27.) 

This genus resembles the last in its general proportions, but differs in 
its more elongate cer\'ical vertel>rre. The centra of these are flat at both 
extremities, but have not such a marked elephantine abbreviation as 
seen in the two genera aboYe described. This enabled the head to 
approach the ground more nearly, and as the limbs were shorter in 
some of the species, they no doubt modified the length of the prol>oscis, 
if present. 

Several names have been applied to this genus. Professor Leidy's 
name, here employed, bears date early in .August. Under <late of Sep
tember 27th, Professor lVIarsh proposed the name Dinocerws (American 
Journal Science Arts, 1872) for the U. mirabile, but did not give his 

"See Proceeding!'! American Philosophica,l Society, 1872, p. 515, where this name is 
recorded. 
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reasons for separating it from his Tinoceras, (the names of the two bear 
an objectionable resemblance,) or those published by Dr. Leidy or my
self. As it is evidently synonymous with Uintatherium, I include it 
here, as is done by Dr. Leidy. 

I am acquainted, by autopsy, with t.wo species of this genus. None 
of them are so large as the Eobasileus pressicornis. U. robustum, Leidy, 
is smaller, and the U. lamtstre, Marsh, smaller still. U. mirabile, 
(.Dinoceras,) Marsh, is about the size of the U. robustum, and nearly 
allied to it; but it may be distinct, as it wants a tubercle on the last 
molar. I therefore retain three species, as follows: Uintatherium robus
tum, Leidy; U. mirabile, Marsh; U. la,cust're, 1\Iarsh. For convenience 
I compare these species with those of Eobasileus. 

The naso-maxillary horn-cores have been seen in E. pressico-rnis and 
U. mirabile, and the nasal tubercles in the same. The posterior horn
cores are known in the U. mirabile. The posterior and lateral crests of 
the cranium inclose a basin-shaped concavity above in all these species; 
it has been observed in all but E. f~trcatus. The dentition is similar to 
that in Loxolophodnn, i.e., I. 0; C. 1; P.M. 4; M. 2. The first premolar 
in U. lacustre bas an internal cone and outer concave crest. The worn 
surfaces of the other teeth in that spe(Jies, U. robustum and U. mirabile, 
are narrow ovate, with a deep exterior emargination. The true molars 
support two crests, which converge inwards and unite: there is a small 
tubercle behind the apex in U. lacustre and U. robustum. The tusk is 
long, compressed, and double-edged, as in Loxolophodon. The last in
ferior molar in U. robustum possesses three transverse crests, the pos
terior two parallel, and obliquely directed inwards toward the axis of 
the anterior, which is the highest. 

In a specimen of one of the smaller species, the ulna widens consid
erably distally, being nearly as wide as the much expanded olecranon. 
The latter is large, flattened, and subtransverse, and presents a sharp 
ridge internally. On the inner side of the distal ·part of the articular 
face for the humerus is a tubercle, from which a short, wide groove runs 
out on the inner face of the bone. The head of the radius is a little 
exterior to the middle line, and the shaft crosses the ulna in an open, 
shallow groove, to the inner side. 

The cuboid is flat, and displays two proximal and two distal articu
lar facets in TJ. furcatum. The astragalus of the same species is sub
bifurcate posteriorly, and has internally an extensive oblique malleolar 
fossa. The ca.lcaneum is short and massive, with two superior and one 
small anterior articular facet. 

The species may be thus distinguished: 
1. Large species, (occipital condyles extending over 

- about om.170 :) 
Naso-maxillary horns long; tibia with wide articular 

faces ......... - ............ - - . . . . . . . . . . . . . . . . . . . . . E. pressicornis. 
Horn-cores flat, elevated . . . . . . . . . . . . . . . . . . . . . . . . . . E. furcatus. 

2. Species of intermediate size: 
Molars smaller, with an additional tubercle on the last. U. robustum. 
Last molar without additional tttbercle, (J\farsh ;) max-

illary horn. cores low, triangular; posterior horn-cores 
short, triangular in section .. _ .... _ .... __ . _ . _ . _ . __ . U. mirabile. 
3. Smallest species, (occipital condyles. extending 

over about om.095 :) ' 
J\Iolar teeth larger, the last with a posterior expansion. U. lamtstre. 

Previous to describing the species I notice a part of the skeleton of a 
large mammal, second only in lmlk to Loxolophodon and EobasUeus above 
described. 
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·rhese remains, which were not found in association with a cranium, 
consist of several Yertebrm, some carpal bones, and the entire hind limb 
of the left side except the toes and the cuneiform and navicular bones. 

The odontoid process is very stout, with a descending trihedral apex. 
Length M .. 078; diameter at base, .048. A dorsal vertebra, with a single 
(anterior) capitular articular face, is quite concave in front. 

Measurements. 
M. 

Dia,meter antero-posteriorly.... . . . . . . . . .. . . . . . .. . . . .. .. .. . .. . .. .. .. . . .. . • . .. . . 057 
Diarneter vertically .........................................•........... _... . 094 

A cervical vertebra has the proportions of the dorsal as to its cent
rum, thus differing materially fi'om species prey"iously described. The 
articular surfaces are s_lightly concave. 

~.Measurements. 
M. 

Length (antero-posteriorly) .......... ------ .................................. 0.065 
Diameter, vertical...... . . . . . . . . . . .................................. _ ... _. _. . 087 
Diameter, transverse .............. ·----- ............................ ____ ..... 100 

Thefemur resembles that of the other species already described, but 
is remarkable for the relatively small size of the head. While the 
lengths of the bone are not very different, and the expanse of the great 
trochanter about the same, the bead of L. cornutus is large, the present 
one is very much smaller, and that of E. pressicornis intermediate. 
There is a rudimental third trochanter, and the condyles are as large 
a::_.;, and similar to, those of E. press·icornis. The external marginal con
dylar ridge is quite short. The shaft is broken and some small pieces 
lost; it is now 26 inches long, but was no doubt longer when complete. 

lVIeasurements of femu·r. 
M. 

Expanse of great trochanter ....... ~ .............................. __ ... . . . . .. 0. 230 
Diameter of head............................................................ .109 
Diameter qf shaft at middle .................................................. 093 
Diameter above condyles.... .. . . . .. . . . .. .. . .. . .. .. .. .. .. .. .. .. . .. . .. .. . . .. . . . 152 
Diameter at extremity of condyles...... . .. . . . . . .. .. . . . . . . . . . .. . . . . . . . . . . . . . . , 139 
Diameter (vertical) of inner condyle .......................................... 125 

The tibia is perfectly preserved. It is short and stout, and with mass
ive extremities. The outer basal part of the spine remains and is 
prominent. The cotyli are not oblique; the inner is sub-round, the outer 
transverse, widening outwardly; their long axes are at right angles to 
each other. The crest is a low ridge of contact of the cotyli. The 
superior fibular face is a transYerse oval; the inferior much smaller than 
in E. pressico-rn-is. The shaft is contracted, and flattened behind and on 
the inner side. The distal extremity is transverse, less truncated for 
the fibula than in E. pressicorn·is, less convex bellincl, and with a less 
prominent external malleolus. The point dividing the astragalus be
hind is more prominent. 

111 easurements of Ubia. 
M . 

Total length ................................................................ 0. 898 
D iameter heacllongitudiual.... . .. . .. .. . .. .. . .. .. .. . .. . .. .. . .. . .. .. .. .. . . . .. . . 080 
D iameter head transverse ......................................... _.. .. .. . .. . . 138 
Diameter shaft transverse ........ _... . .. . .. .. .. . . . . . .. .. . . • . . .. . . . .. .. . .. .. . . 063 
Diameter do. antero-posterior.... .. .. .. .. . .. . .. .. .. . . . . .. . . . . .. .. . . . .. .. . .. .. . 060 
Diameter distal articulation antero-posterior . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 077 
Diameter distal articulation transverse.... .. . .. . . .. . .. . . .. . .. . .. . .. . . . .. .. .. .. . 113 
Diameter distal extremity, fore and aft...... .. . . .. .. . . . . . .. .. .. . .. . . . .. . . . . .. . 093 
Diameter distal ext.remit.y, transverse .... ~- ...... -~--- .•.• __ 
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These measurements show that this bone is considerably shorter than 
in E. pres.sicornis, though of equal distal diameter. In both species the 
measurements considerably exceed thoBe given by Marsh for his Titano
therium (~) anceps. The form of the articular extremities in this animal 
differs f1·om both in being more narrowed and transverse. 

The fibula is larger proximally and smaller distally than in E. pressi
cornis. Diameter proximal articular face .039; of the distal .045. 

The astragalus is similar in size and form to that of E. pressicornis, 
but differs in two pqints. The posterior margin is deeply incised for 
the ligamentous insertion, and the outer lobe is clearly cut to this fossa, 
on the inner side. There is a pit for a ligament on the convexity of the 
inner part of the middle of the tibial articular face. A third difference 
is seen on the inferior face. The inner calcaneal facet is longer and 
narrower, and is margined on the inner side by a large fossa parallel to 
its axis, which is wanting in the other species. The calcaneum is short 
and wirle; its only anterior articulation is with the cuboid and is small. 
The heel is deeper than long, and is obliquely truncate downwards and 
inwards. 

Measurements of calcaneum. 
M. 

Length ................•............. . ..................•......•.... :. . . . . . . . 0. 105 
Width.... . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . 092 
Depth in front...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 056 

~=~!~:h~~~~i~ ~ i~~~t-.~-~-~----~- ::_:_:_ :_:_~_:_:_:_:_:_:_:_.-_~_:_:_:_:_:_:_~: =: =: ~:::: ~ ~: ~ ~: ~ ~:: ~ ~: ~ ~ =:: : 8i~ 
The cuboid is a flat sub-triangular bone with two unequal articular 

faces below. 
JJfeasurmnents. 

M. 
Length.... . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . • . . • . . . . • . . • . . . . . . . . . . . . . . . . . 0. 064 
vVid th...... . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 076 
Depth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . 031 
Length cuneiform, (antero-posterior)...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 040 
Depth cuneiform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 017 

The humerus of a third specimen may or may not belong to this species. 
It was found in another locality. Its cond;yles are much less oblique 
than in that one described under E. pressicornis. The olecranar fossa is 
shallower. It belonged to a larger animal. 

Measurements of humerus. 
M. 

Transverse diameter distally, (7.75 inches) ...•....••........•......•.••.•..•.. 0.195 
Transverse diameter, inner condyle.......................................... .125. 

Remarks.-The remains were discovered by the writer in the Bridger 
Bad Lands, on South Fork of Bitter Creek, Vvyoming. 

UINTATHERIUM ROBUS1'UM, Leidy. 

Proceedings Academy Natural Sciences, Philadelphia, 1872, p. 169, August. Uinta
mastix at1·ox7 Leidy, l. c. 

I have been able to examine, through the kindness of Professor Leidy, 
the type of his description, and find it to belong to a smaller species 
than any of those above described. The lateral parietal and supra
occipital crests are well developed, and the latter extends obliquely 
backwards. Several peculiarities are to be observed in the dentition. 
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Thus there is a great inequality in the height of the transverse crests of 
the posterior upper molar, the anterior, or the arched one, rising to a 
high cusp at its outer extremity. A small tubercle exists on the side 
of the inner angle of t11e grinding surface in the penultimate molar. 
The same angle is mueh elevated in an auterior molar. The canine is 
wider distally than in L. cormttus, and less recurved. The mastoid 
process is quite prominent. The humerus has a prominent internal 
condyloid ridge and tuberosity, and the condyles are not very oblique. 
The inner posterior lobe of the tibial face of the astragalus is quite well 
defined; there is no median ligamentous pit on the trochlear face. 

Measurements, (from Leidy.) 
Inches. 

Depth lower jaw at last molar------ .••••...•••..•.••...•.••.••••• -----·.... 3. 25 
Length humerus, about .............................. _ ..... --. _ ... ___ .... __ . 21. 00 
Biameter at condyles .........•.•• _ ..• _ ...•• _ •. __ •.. ____ •. ____ ... _. _ •..... _. 7. 50 

Found by Dr. J. V. Carter and Dr. Leidy, near Fort Bridger, Wyo
ming. 

Dr. Leidy has suggested with some reason that this species and the 
JJinoceras rmirabilis of Marsh are identical. 

UINTATHERIUM MIRABILE, Marsh. 

Dinocems rnirabilill, Marsh, Amer. Journ. Sci. Arts, 1872, October, (published Sept. 27.) 
Loc. cit., Jan. 2R, 1873. 

The cranium of this species has been partially described as above 
cited, and figures in the last-named paper largely supply the deficiency. 
From this it is evident that it differs from Loxolophodon cornutus in the 
generic characters already mentioned, and, further, in the anterior posi
tion of the naso-maxillary horns, the perforation of the lachrymal, the 
anterior development of the malar, the oblique occiput, &c. It differs 
from tbe E. pressicornis, besides the inferior size, in the shorter nasal 
bones and greater posterior approach of the premaxillary bones to the 
base of the horns; in the much shorter horns and greatly smaller part 
taken in their composition by the nasals. 

These differences account for the great number of errors committed by 
Professor Marsh in his allusions to other species, especially Loxolophodon 
corn~ttus described by me, (see his second article above quoted.) Ac
coi·ding to Marsh this species differs from U. robusturm in the absence of 
a small tubercle on the last molar, and presence of one on the penulti
mate molar. 

Measurements, (from Marsh.) 
M. 

Leugth of cranium, (28.5 inches) .................... ·-·-··. · ............ ·----· 0. i22 
\Vidth over orbits .................................... --·-.... ... .. •. .. . . . ... . 20:2 
Wiflth between summits na.so-ma.xillary cores .......... ·---.................. .169 
\Vidth between summits nasao-maxillary cores ...... · ......... - ..... _.. .. .. .. . . • 038 
Height naso-maxillary cores, (3 inches) ............. __ .... _ ........... __ .. .. . • • . 075 
L ength canine (9.25 inches) below jaw ................................... . ---- . 232 
Diameter fore and aft at base ... --· ................. --·... ... .. . ... .. . ... .... . 064 
Diameter transverse at base ................ _ ..... _.. . . . . • . .. . . . . . .. . • • . .. . • .. . 025 
Length of molar series .....•..•. - .••• __ .....•..•• __ ....• _ ... ___ •. • . . . . . . • . • • • . 150 
Last superior molar series ....... - .......... _ ........... -. _-. . . .. .. .. .. • . .. . • . 036 

UNITATHERIUM L.ACUSTRE, Marsh. 

Dinoceras lacust1·is, Marsh, l. c. October, 1872, (Published September 27, 1872.) 

I have several of the teeth and the occipital, parietal, and other por
tions of the cranium of this species. It is distinguished fi:·om its con-
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geners, apart from its smaller size, by the large size of the teeth. These are 
nearly as large as those of Loxolophodon cornutus, and considerably 
larger than those of U. robustum and U. mirabile. The occipital con
dyles are not larger than those of the elk, Oervus canadensis. The 
mastoid protuberance is prominent, an<l the post-glenoid process more 
produced <lown wards and with le~s fore and aft diameter than in t,he 
other two species. The inferior temporal ridge is strongly marked, 
and the posterior condyloid foramen is large. 

The posterior molar has a wide floor extending from the posterior or 
straight transverse crest to the cingulum. This crest is low, and has a 
low tubercle near its apex behind. The other molars have strong fore 
and aft cingula, but none at ends. The worn surfaces are first V-shaped, 
ater arrow-shaped. The first premolar has a curved outer crest and 
inner conic tubercle. 

Measurements. 
M. 

Diameter of occipital foramen and condyles...... . . • • • . . . • • . . . . • • • . • • . • • • . • . • • 0. 092 
From exterior end cond,y le to mastoid . . . . . . . . . . . . . • • • . . . . . • . • • • . . • • • . . • • . . . . • . 058 
From exterior end con ely le to post-glenoid process . . • . . . • • . • • . . . • • . . . • • • . . • . . . . 080 
Transverse diameter last upper molar . . . • . . . . . . . . . . . . . • .. • . • . . . .. . . . . . . • . . . . . . 045 
Transverse diameter third premolar...... . . . . . . . . • . . . • . • . .. • • .. . . . . . . . . . . . . . . . 029 
Length molar series . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • • • . . . • . . . . . . . • • . . . . . . . . . . . . • 163 

Found by the writer in the Bridger formation of· South Bitter Creek, 
Wyoming. 

MEGACERATOPS, Leidy. 

Proceedings Academy Natural Sciences, 1870,, p. 1. Hayden's Geological Survey, 
Wyoming, 1872, p. 352, (" Megacerops.") 

This genus is only known from the extremity of the nasal bones bear
ing the horn-cores. The latter are intermediate in position to the nasal 
and naso-maxillary horns of Eobasileus, &c., and may represent the 
median pair, in which case the diagnosis of the genus should be nasal 
horn-cores wanting. 

The genus was originally regarded by Dr. Leidy as allied to Sivathe
rium, and therefore ruminant; he also supposed that it possessed a 
proboscis" as in the tapir." The latter proposition· has mnch in its 
favor, especially as the affinities of the genus are evidently with the 
Proboscidia. 

MEGACERATOPS COLORADOENSIS, Leidy. 

Megacm·ops colomdoensis, Leidy, 1. c. 

The part of this species preserved indicates an animal of the size of 
the largest Unitatheria. The nasal bones are co-ossified, and the horn
cores are sub-cylindric, obtuse, and about two inches in length. 'They 
are situated above a point a little behind the anterior nares. 

BATHMODONTIDAD. 

As already pointed out, the structure of the limbs and feet in this sub
order is as in the order generally, and the scapula has the same form in 
general. The symphysis mandibuli is furnished with teeth, and forms a 
long solid spout. The astragalus has a very peculiar form, being even 
more exceptional than in Uintatherium. The superior articular surface 
is flat or concave in the mi<ldle. It is turned inward in front of the 
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articular face for the inner malleolus, terminating in a long point. The 
culJoid articular face is quite small and sublateral, and sessile like the 
navicular. rhe fibular facet is extensive, and the internal lateral well 
marked. 

On the other hand the coracoid process is produced into a curved 
book, and is thus more largely developed than in other Proboscidians 
or Perissodactyles. The neck is longer than in the other Proboscidians, 
and the parietal bones appear to be narrowed by the approximation of 
the temporal fossa, as in the Rhinoceros. Almost nothing, however, is 
known of .the structure of the skull. 

The genera are two, as follows : 
Penultimate molar unlike the last, with external cres-

cent and embracing ledge . . . . . . . . . . . . . . . . . . . . . . . . . . Bathmodon. 
Three molars alike, with two tranl:lverse crests not meet-

ing within . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . Metalophodon. 

BATHMODON, Cope. 

Proceedings American Philosophical Society, 1872, p. 417. 

This genus was originally chiefly distinguished by the dentition; at 
present many other important peculiarities are added. First, as regards 
the molar teeth; the two transverse crests I find to be separated (not 
united) at their inner extremities, by a narrow fissure. The anterior is 
much t.he longer, and is curved; its anterior wa.U slopes steeply down 
to the narrow cingulum. The posterior is short and straight, and bears 
a crest. The numbers are I. 3; 0. 1; P. M. 4; M. ~ 3. 

The entire mandible presents the following dentition: I. 3; C. 1; P. 
M. 4 ; M. 3. The incisors radiate around the narrow extremit.Y of the 
trough-like symphysis, and have transversely expanded crowns. The 
canin~ is inclined .forward, and forms part of the same series. Its crown 
is triangular in section, the outer face convex. In the males it was 
enormously enlarged, as indicated by a symphysis in my possession. 
The anterior premolar approached the canine. The former teeth have 
an external chevron directed inward, whose extero-superior surface of 
enamel is acute cordate. Besides this is a little longitudinal ridge, 
which represents another chevron of the true molars. On the first of 
the latter, both chevrons are developed, the posterior the least, both 
with their anterior ridge boundaries lowered; they sink entirely on the 
last two molars, which become thus two-crested, as in those of some 
Tapiroids and -the premolars of D·inotherium. 

The sternal segments are cylindric; in one the articulations for the 
h:mnpopbyses project laterally, giving the piece aT-shaped form. The 
atlas has a flat diaparapophysis, presenting its edges fore and aft; the 
arterial canal traverses it obliquely. The coracoid is double, having a 
tuberosity on the edge of the gleno'id cavity, and a prominent hook just 
outside of it. The lumbar vertebr:B are quite short. The cuneiform 
bone is narrow pyriform, with two triangular facet~ on one side, the 
smaller being sublateral; and one twisted over the other. The ungueal 
phalanges are very short, somewhat flattened, and with the terminal 
portion transverse and rugose as in some toes of Elephas. 

In the remains pertaining to this genus obtained by Dr. Hayden, 
there are numerous individuals of apparently three species. Two of 
these are larger and one smaller, the latter in part indicated by an indi
vidual without epiphyses on the lumbar vertebr:B. It presents marked 
difference in the form of the astragalus atlas, scapula, &c. 
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ct Larger species : 
Astragalus everted in front; nearly as wide as long; 

lower premolars narrower, more elevated, and rugose .. B. radian.s. 
Lower premolar broad, lower, and smooth .............. B. semiC'inctus. 

aa Smaller species: 
Astragalus much wider than long, decurved in front ...... B. latipes. 

BATHMODON RADIANS, Cope. 

Proceedings American Philosophical Society, 1872, (February 16,) p. 418. Hayden's 
Geological Survey of Montana, 1871, p. 350. 

·In addition to the characters already assigned to these species as above 
cited, I add the following: . 

The apex of the scapula is a massive flattened acumination with trun
cate extremity. The spine is elevated and truncate next the glenoid 
cavity, which is a wide oval, much produced at the coracoid margin. 
The t-ransverse process of the atlas is rounded distally, and is about as 
long as wide; the surface for the axis is directed obliq'uely inward. The 
fibula has t.he inner sharp edge prolonged to the proximal end; the form 
of the latter is much as in Eobasileus. The astragalus is slightly concave 
in both directions on the trochlear face, most so antero-posteriorly. The 
anterior outline of the same is strongly and obliquely convex, and the 
surface is produced sideways into a latera-anterior apex. The inner 
malleolar border is thus very concave; the outer is gently convex with 
a long fibular facet. The posterior margin concave, the inner tuberosity 
prominent. The navicular facet is as broad as long, and neatly sessile, 
being probably separated by a groove from the tibial. The cuboid facet 
is subround, ·small, and sublateral; the calcaneal situated diagonally. 
opposite each other. The antero-internal is twice as large as the other, 
is transverse and truncate internally by a facet near the apex, at right 
angles. The other calcaneal facet is subround. 

Measurements. 
M. 

Length ramus maudibuli to anterior margin of coronoid process .••••.•........ 0. 310 
Length premolars and molars...... . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . 218 
Length last molar crown ..........•........ ---· ... --· ........ ----............ . 040 
Width last molar crown ...........•.... -.. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . 030 
\Vidth last premolar crown ..................................•.......•... -.. . 018 
Length last premolar ............................... -... .. . . . . . . . . . . . . .. . . .. . . 025 
W:idth symph:ysis at canines .................................. - •....••.... -.. . 045 
Diameter canines 0 ................... ...................... -.. . . . . . . . . . . . . . . . 028 
Diameter canines ~ . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. . . • . . . . . . . 023 
Length exposed portion incisor 2...... . . . . . . . . . . .. . . . . . . . .. . . . .. . . . • . . . . • .. • . 026 
Width crown incisor 2...... . . . . . . . . . . . . . . . • . . . . . • . . . • . • • • . . . . . . . • . . . . . . • • . . . 0245 
Length diapophysis atlas ................................... ------.......... . 047 
Width diapophysis atlas.................................................... . 056 
vVidth facet for axis...... . . . .. . . .. . . . . . . . . .. . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . 053 
Width glenoid cavity scapula, (straight).................................... . 086 
Length coracoid from inner basis....... .. . . . . . .. . . . .. . . . . . .. . . .. .. . . . . . . . . . . . 045 
Length proximal articulation fibula.... . . . . . . .. . . .. . . . . . . . .. .. .. . . . • .. .. .. . . . 027 
Length distal articulation fibula ... _.. . . .. . . . . . • . . . . . . . . . . .. .. . . . . .. . . .. • . . • . 042 
Diameter shaft fibula. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . • . . . . . • . • . 042 
Total length astragalus, (fore and aft) . . . • . . .. . . . . . .. .. . . .. . • .. • • • • • . . .. .. . . • • . 072 
Total width astragalus .................................. --.................. . 065 
Length navicular facet...... . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . . . . . • . . • . . 045 
Width navicular facet ...•.....•........................•.•...•.......... -.. . 034 
Width cuboid facet...................... . . . . . . . . . .. . • . . . . . . . . .. . . . . . . . . . . . . . 025 
Length cuboid facet ........... ·• . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • • . . • . . . • • . 023 
Length anterior calcaneal facet .......................... _ ............... _.. . 040 
Width anterior calcaneal .. do.............................................. . 024 
Length posterior calcaneal.. do ......................... - ...... -. .. . . .. .. . • .. • . 021 
Length fibular, ..... do ... (axial). . .. • . • • .. • • . . •• _.. • . • • . • • • • • • . .. • • • . . . .. • • . 043 
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The teeth are slightly rugose, and the inferior canines show a tendency 
to imitate the form of the incisors in a slight basal angular expansion of 
the crown. This forms an approximation to the tapirs. The middle 
pair of incisors is directed outward, is the smallest, and, like all the 
others, has the roots much exposed. 

This species was originally described from teeth of the upper jaw. I 
have since obtained the entire mandible (except the angles) taken out 
at the same place and near the same time. The size, color, &c., would 
indicate that they belong to the same individual. Accompanying the 
first specimens were many bones of individuals of different sizes, which I 
learn from the finder were all taken from within a short distance of each 
other. Many of them belong to the same species, as the jaws and teeth, 
and I have described as such those that relate properly to them as to 
size, mineral appearance, &c. 

The smaller &.pecimens belong also to several individuals, and possibly 
to more than one species. I describe them together, but regard the 
astragalus as the primarily distinctive bone. 

B.A.THMODON SEMICINCTUS, Cope. 

Proceedings American Philosophical Society, 1872, p. 420. Loxolophodon semicinctus, 
Cope I. c. 

The tooth on which this species was based shows a near relation to the 
corresponding one of B. radians. 

B.A.THl\IODON L.A.TIPEs, Cope. 

Proceedings American Philosophical Society, 1873, March. 

Established on atlas axis, dorsal and lumbar vertebrffi, scapula, hume
rus, phalange, femur, astragali, &c., of a specimen found with the B. 
radians. 

The transverse process of the atlas is stouter and less flattened at the 
base than in B. radians. The axis is but little oblique, and bas a low, 
obtuse hypapophysis below. Its form is much as in the larger species, 
being rather elongate, but shorter than in Rhinocerus and other Perisso
dactyles. The dorsals and lumbars are short and plane; the former are 
obtusely, the Jatter acutely, keeled below. The head of the femur has 
no ligamentous fossa. The astragalus is considerably broader tban long, 
the apex turned outward in front of the inner malleolus, being especially 
produced. The tibial face is concave transversely, and convex antero
posteriorly at the front, plane behind. There is a posterior submarginal 
foramen, which is not bridged over in one specimen, producing a deep 
notch. The navicular facet bas considerable transverse extent, and the 
anterior side of the bone is more transverse than in B. radians. The 
calcaneal facets are diagonally opposite to each other; the outer is sub
round, the inner anterior narrow and transverse. It differs in the two 
specimens, the perforating foramen not being bridged over in the one 
(the type) with the similar posterior interruption described above. This 
may be due to fracture. The only ungueal phalange has the articular 
face not quite sessile on the transverse rugose free extremity. 

Measurements. 
M. 

Diameter diapophysis atlas, (fore and aft)_. . • • • • . • • • • . • . . . • • . • • • . . . . . . . . . . . . . 0. 036 
Diameter axial facet of atlas.. . . . . . . . . . . . . . . . . • . . . • • • • . . . . • • • . . . • • • . . . . . . . . . . . 0:34 
Diameter centrum axis, (transverse)...... • • • • . . . . • . • . • • . . . • • • . . . • . . • . . . . . . . . . . 080 
Diameter centrum axis, (vertical).. . • • • . • . . • • • • . • • . • • • • • • . • • • • • . . . • • . . • • • . • . . . . 037 
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Length centrum axis to odontoid ............................................ . 
vVidth neural canal do ...................•....•.•...................•........ 

~ 
fore and aft ................................ . 

Diameter of centrum of dorsal vertical, (total) ........ ·: ... .. --.- .......... . 
transverse ................................. . 

Diameter neural arch of same~ vertical.-·· ·- · · · · · · ·- · · · · ·--- · · · · ·--- ·- ·---- . i transverse . _ ....................•..... _ •... _. 
. ) ante!ior-posterior ........................... . 

Diameter centrum of lumbar 1 vertical, (total) ...•......................... 
( transverse ..............•.....•.............• 

Diameter head of femur ....................•.................•............... 
Length astragalus fore and aft ............................................... . 

~:ith :~;a~~~~ t:::t~-~-~-~-:~-~ ·::~-~-_: ~-~-~-~-~-:~-~-~-~-: ~:: =~ ~:::::: = :::::: ~:::::: ~ ~:::: 
Width cuboid facet ......................................................... . 
Lengt,h cuboid facet ........................................................ . 
'Width (foro and aft) anterior calcaneaL ..................................... . 
Length posterior calcaneal facet ............................................. . 
Length fibular, (axial) ..................•••..••..................•........... 
Length terminal phalange ..............•.....•.....•..............••..•..... 
\Vidth do. proximally ..................................................... .. 
vVidth distally .............................................................. . 
Diameter glenoid cavity scapula 5 vertical. ....... ----------·····---· .... ----

( transverse .......... .: .................... . 

M . 
• 057 
. 030 
. 040 
. 043 
. 059 
. 018 
. 0::32 
. 041 
• Of>O 
• 063 
. 060 
. 050 
. 065 
. 049 
. 020 
. 018 
. 016 
. 018 
. 022 
. o..n 
. 012 
• 015 
. 030 
• 051 
. 080 

From the beds of the Green River epoch near Evanston, Utah, (now 
Wyoming.) 

METALOPHODON, Cope. 

Proceedings .American Philosophical Society, 1872, p. !'i42. (Published September 20.) 

ln distinguishing this genus from Bathmodon, I stated that the differ
ences were in the dentition so f::~r as known; i. e., that the crests of the 
true molars are not united internally and that the premolars are two (not 
three) crested. I would now add to the characters, that there are 
three molars on each side, with transverse crests, which do not unite at 
the apex, except in the case of the anterior, when they are slightly con
nected. In Bathmodon there is but one such tooth, the posterior. The 
inner or third crest of the posterior premolar of that genus is only a cin
gulum, and is not probably a generic character. 

MET.A.LOPHODON .A.RM.A.Tus, Cope. Loc. cit. 

This species is represented by the greater part of the dental series of 
both jaws, which I took from a decayed cranium myself, and can thus 
be a~sured of their mutual relations. One of the true molars, at least, 
belonged to the milk series, as indicated by the unworn crowns of the 
successional teeth accompanying. Some of the premolars are but little 
worn. 

The incisors are well developed, those of the premaxillary subequal in 
size. The crown has ·a convex cutting edge and flat inner face. The 
outer face is convex. In some the inn~r face is more concave, and is 
bounded by a cingulum next the root. 

The premolars presept a single external crescent of acuminate outline, 
and a smaller, more transverse one, within. .A. cingulum bounds the 
crown fore and aft, but is wanting at both base and apex of the triangu
lar base. In the more posterior the crescent is more open, and the 
crown less transverse. 

The molars present an increase in transverse extent of the external 
crescent, and the interior one is wanting. In the posterior two the an-
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teriorridgecurvesround at the apex of the <, but is separated by a con
si<lerable interruption from the posterior. Thelatterisshortened; and ter
minates externalJy in a conic tubercle, which approaches the outer extrem
ity of the anterior ridge. In the last molar the posterior ridge is shorter, 
nearly straight, terminating at a cone at each extremity. 

Tbe canine is damaged, but was of large size, amounting in one or the 
other of the jaws to a tusk. The probably superior is compressed, with 
acute edges. The inner face gently convex, the outer more strongly so, 
with an acute ridge on its anterior convexity, inclosing an open groove, 
with the interior cutting edge. This surface of the dentine, when ex
posed, has a transversely wrinkled character, but no trace of "engine
turning" in the fractures. 

In the mandible, premolar and molar teeth are recognizable; the char
acter of the incisors remaining uncertain. As usual in the ungulates 
they possess a relatively smaller transverse diameter than do the cor
responding teeth of the maxi1lary. They change very materially in 
form from the front to the terminus of the series, and, in connection 
with the superior molars, are very instructive as to the generic connec
tion of different types of dentition. 

The peculiarity of the premolars consists in the fact that, besides the 
single external crescent exhibited by those of the upper jaw, they have 
a rudimental second one in the position it should occupy in correspond
iug teeth of Paheosyops. The inner border of the crown is convex, and 
extends from apex to apex of the crescents. There are no cingula to 
these teeth. The rudimental crescent diminishes anteriorly, its angle 
becoming first obtuse, and then disappearing. Posteriorly the reverse 
process takes place, and proportions increase. But in the last molars 
they do not assume the proportions seen in Palreotheriwrn and allied 
forms. They increase in thP elevation of corresponding ridges of the 
crescents and decrease in the others, so that the resultant form is nearly 
like that of Dinotherium or perhaps Lophiodon. The outer ridge of. one 
crescent appears as a cingulum, which sinks to the base of .the crown 
from the apex. This is rudimental in the genera just mentioned. The 
corresponding bounding ridge of the other crescent is reduced to a ru
diment extending diagonally across the valley between the remaining 
crests, as is seen in not a few genera of the Eocene. 

Measurements of the teeth. 

Total length of superior incisor .... _ ......• _ ..................•••..•.•••.•.... 
Length crown (inner face) superior incisor ...............•.•.•...•.....•....• 
Width crown (oblique) superior incisor .........•............••...•.......... _ 
Width crown (oblique) inferior incisor ....................••.........••......• 
Length crown (inner face) superior incisor ..•....•.....•...................... 
Width canine .030 from tip .................•..•.•...................•....... 

~~~~J;~!~~~~~rm;~~~r. :: ~ ~ ~: : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ :: :::: :::: ~ ~ : ~ ~: :::::: :: :: : ~ : ~ :: :: 
Eleva,tion posterior crest do ..................... .. ...........••.... -.- .••...... 
'Vidth anterior true molar .•...............•..........••..................... 
Width premolar ...............................•.....•... · ..•••..•............ 
Length premolar .................................. - ...........•............. 
Length premolar, (first) ....•........•.••...........•.................•....... 
'Vidth premolar, (first) ......................••........ -.•.........••.... -. -.· . 
Length premolar, (inferior) . ............•................ _ ........... _ •....•.. 
Width premolar, (inferior) ........•......•••...•............................. 
Width penultimate lower molar ........................................... - .. 
Length penultimate lower molar ..........................•.................. 

M . 
. 057 
. 015 
. 020 
.023 
. 018 
. 020 
. 039 
.028 
.016 
. 035 
. 028 
.0215 
. 016 
. 008 
. 024 
. 020 
. 023 
. 037 

In comparison with Bathmodon semicinct?.ts, Cope, the crowns of the 
premolars are of similar size, but more elevated. 
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This large ungulate was found in a stratum below those of the Green 
River group of Hayden, or in the lower beds of that series, near Black 
Buttes, Wyoming. 

It is not certain that the last-named species of Bathnwdon does not be
long to this genus. All three are distinct from the JJJ. a.rrna,tus, the latter, 
though young, being considerably larger than Bathmodon latipes. 

PERISSODACTYLA. 

P AL.LEOSYOPS, Leidy. 

Hayden's Geological Survey of Montana, 1871, page 358; (!) Proceedings Academy 
Natnral Sciences, Philadelphia, 1871, p. 118. Limnohyus Marsh, American Journa,l 
Science and Arts, 1872, p. 124. 

This genus has been partially described by Professor Leidy, and much 
light is thrown on its structure by the materials obtained by the survey 
of 1872. As pointed out by Leidy, this genus differs from Palmotheriurn 
in the isolation of the internal cones of the superior molars from the ex
ternal longitudinal crescentoid crests, and in the presence of but one 
inner tubercle on the last three premolars instead of two. There is but 
one internal cone on the last superior molar. Number I. 3, C. 1, P.l\f. 
4, M. 3. Number of inferior molars similar; true molars, with four 
acute tubercles alternating in pairs and connected by oblique crests, 
which thus form two V's, with their apices exterior. The last molar 
adds a fifth posterior tubercle. The last premolar lacks the posterior 
inner tubercle. The second and third have but one, the outer series 
of tubercles,-and the first is compref:lsed. The canines are separated 
by a slight interval from the premolars, and are in continuity with the 
incisors. 

The dental characters are generically identical with those of Titano
therium., Leidy, which must be referred to the Perissodactyla, and not to 
the Artiodactyla., as left by Leidy in the "Extinct Mammalian Fauna of 
Dakota and Nebraslm," though originally referred by him to this order. 

The species originally named by Leidy Palceosyops paludosus beiongs 
to the succeeding genu8, Limnohyus, Leidy. He afterward included 
species of the present genus in it, and in so doing first characterized the 
genus. Hence I agree with him in retaining the generic name for the 
latter, and not the former, as is done by Marsh. The original form was 
not characterized geuerically, a brief specific description only being 
given. 

P ALJEOSYOPS LJEVIDENS, Cope. 

Lirnnohyus lmvidens, Cope; Proceedings American Philosophical Society, 1873; pub
lished January 31. PalceosyozJs paludosus, Leidy; Hayden's Survey of Montana, 1871, 
p. 359, not Proceedings Academy Natural Sciences, Philadelphia, 1870, p. 113. 

A species ::\,bout the size of the Anoplotherium commune, Cuv., and inter
mediate between the Palceotherium magnum and P. medium. It is con
siderably larger than the existing tapirs, and was one of the most 
abundant of the quadrupeds of the Eocene of North America. 

It is chiefly represented by a nearly complete cranium with dentition, 
from Bitter Creek, and a cranium lacking the posterior part of one side 
and the lower jaw, fi·om Cottonwood Creek. The molars have the gen
eral form of those of L. robustus, but the second superior premolar has 
but one outer tubercle. The cingula are much less developed than in 
that species; those between the inner cones of the molars being entirely 
absent. These cones are low, and, with the rest of the crowns of all the 
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teeth, covered with smooth and shining enamel. The anterior median 
small tubercle of the first true molar is wanting. The last true molar 
bas but one interior cone. 

The canine tooth is powerful and bear-like; the outer incisor is the 
largest. The premaxillary bones are short, and the side of the face 
elevated and plane to the convex nasal bones. The nasal bones are 
long, narrow, and convex. Zygomatic arch massive. 

Measurements. 
M. 

Length molar series, (No. 1) .•.•..•••..• __ ••.•••••..•••..••••..•.•••••.•.. ___ • 0. 140 
Lengtll true molars ..•••... _ ... _ •....• _ •...•••..••..••• _ ..•.....• _ ..• ___ . . . . . . 085 
Lengtll tllrce incisors ...•... _ •...... _ ..... _ .... _. _ ...•••...• __ .. _ •••....•• _.. . 034 
Length crown canine ... _ ... _ .....•....•........•• _ •...•.... __ •.. ___ . • • . . . . . . . O:lO 
Length crown last molar .........•... _ ••..•..... _ ••.•...••....•• _ ......•.• _. . 039 
Width crown last molar .............. __ •••.• __ ••...•• _ •.. _. __ .. _. __ . • . • . . . . . • 036 
Length cranium to occipital crest ......... _._ ...••••.... · ............ ___ •... __ . • 3-15 
Length true molars, (No. 2) ............... _ ...• _ ••..•. _ •... _ ............ __ . .. . 101 
Length last molars, (No.2,) (oblique) .................................. ------ .039 
Width last molars, (l'q"o, 2,) (transverse) ...................... _ ................. 038 

P AL.lEOSYOPS MAJOR, Leidy. 

Survey of Wyoming, 1871, p. 359. Lirnnohyus 1·obustus, Marsh, Amer. Journ. Science 
and Arts, 1872, p. 124. 

Numerous specimens from Cottonwood Creek, Black's Fork, Bitter 
Creek, &c. 

P AL.lEOSYOPS V ALLIDENS, Cope. 

Proceed. Amer. Philos. Society, 1872, p. 487, published August 22, 1872. 

Represented by the ·dentition of one maxillary bone with other bones 
of one individual; a portion of the same dentition of a second; with 
both rami of the mandible, with complete dentition, of a third. The spe
cies i~ distinguished by the details of the dental structure, and by the 
superior size. It exceeds, in this respect, the Palceosyops major, Leidy; 
while the three posterior lower molars measure 4.25 inches in length, 
the same teeth of the present animal measure 5 inches. The last 
superior molar of another specimen measures 2 inches in length ; in the 
third the first true molar is 1.5 inch in length, while the last inferior 
molar is 2.25 inches long. The peculiarity in the structure of the supe
rior molars consists in the existence of two strong transverse ridges, 
which connect the inner tuberele with the outer crescents, inclosing a 
pit between them. These are most marked on the premolars, where 
also is found the peculiarity of -the almost entire fusion of the outer 
crescents into a single ridge. These united crescents are narrower than 
in P. major, and the summits of all the crescents are relatively more 
elevated. The number of inner tubercles is the same as in that species; 
all the teeth have very strong basal cingula, which rise up on the inner 
tubercle. The inferior molars are relatively narrower than in P. major, 
and the posterior tubercle of the last is larger and longer, and is an 
elevated cone. The inner tubercles in all the lower molars have broader 
bases and less acumination. 

The bones cont~ining the maxillary and mandibular teeth were not 
found together in any instance, so that it is possible that the different 
series may represent different species. No other species of the genus 
was, however, found in the localities to which the respective parts could 
be referred. Should these prove not to pertain together, the lower jaws 

. may be regarded as typical of the species. 
Found in the Mammoth Buttes, on South Bitter Ureek. 

, 
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LIMNOHYUS, Leidy. 

Proceedings Academy Natural Sciences, Philadelphia, 1872, p. 242, PalceosyiJps, Marsh, 
Amer. Journ. Sci. Arts, 1872, p. 122, not of Leidy, 1!:!71. 

This genus only differs from the last in possessing two conic tubercles 
of the inner series on the last superior molar, instead of one, a charac
ter first pointed out by Marsh. 

LIMNOHYUS PALUDOSUS, Leidy. 

Proceeclings Academy of Natural Sciences, Phialdelphia, 1870, p. 113, not of later 
descriptions. 

My expedition did not obtain any specimens which I can as yet certam
ly refer to this species. The measurements given by Professor Marsh for 
his Palceosyops laticeps approach very nearly to this one. Thus the 
width of the crown of the last superior molar isM .. 038; in P. laticeps 
.040; in L. diaconus, Cope, it is .047. 

LIMNOHYUS DIACONUS, Cope. 

Palceosyops diaconus, Cope,· on some Eocene Mammals olJt.ained by Hayden's Geological 
Survey of 1872, 1873, p. 4. 

The species is as large as the .Palmosyops rnajor of Leidy, but differs 
in the relative proportions of the teeth. Thus the last three molars have 
the same antero-posterior length, while the space occupied by four pre
molars is shorter. The anterior and posterior cingula of the true molars 
are very strong, but it is not well marked on the inner side between the 
cones. The latter are acutely conic, and the median anterior tubercle 
is .strongly developed. Although the wearing of -the teeth indicates 
maturity, the enamel is coarsely and obtusely rugose. The fourth pre
molar differs from that of L. major in its smaller size relatively and 
absolutely, and in the presence of a prominent \ertical tubercle on the 
outer face, rising to the angle of the deep notch between the lobes. The 
third premolar is as wide as the fourth, and about as large as the cor
responding tooth in L. nwjor, but different ~rom it in the absence of 
tubercle and ridge that mark it.s external face. The first premolar has 
two roots, and the canine is large and stout. 

This large Palrnotheroid is represented by parts of the two maxillary 
bones, which present the cro-wns of the third an<l fourth premolars, and 
of the seeond au(ij third true molars, with the bases of the other molars 
and premolars. 

lJf.eas~wements. 
M. 

Length of entire molar series. ___ ... ____ . ,_ ____ .. ____ .. ____ ... ____ .. _ .. _ _ _ _ _ _ 0. 1710 
Length of true molars. ____ .. _ .. _. __________ .....•... ____ . __ . _ . __ . _. ___ . _ _ _ _ . 1060 
Length of last molar, (crown). _____ . ____ .. ____ .. ___ .. _. ___ . ____ .. _ . _. _ _ _ _ _ _ _ . 0420 
'Vidth of last molar, (crown)_. ___ . _. __ . - ____ .. __ . _ .. ____ .. ____ .. _ .. _ ... __ .. . 047:3 
L~ngth second molar. _______ . __ . ______ . ____ ... _____ . ____ .. ____ ... __________ . . O~>GO 
Length fourth premolar. ___ -.. ___ . _ .. ____ .. ____ .. ____ .. ___ • _ _ ___ .. ____ . _ .. _ . 0260 
'Vidth fourth premolar. _____ ·-----·----··----··----····----·-----·---------· . 0260 'Vidth tliird premolar. ____ .. __ • _ .. _. __ .. ____ .. ____ ... _____ . ____ .. _ .. _______ . . 0200 
L ength thinl premolar. ___ ... ____ .. ____ . _ .. _- __ .. __________ . __ . _ . ___ ... _ _ _ _ _ . 0200 
Diameter of basis of canine ______ . _____ . ____ ... _____ . __ •.. ____ . __ . ____ . __ ... . 026~~ 

The L. paludos'lts, Leidy, is similar to this species in the rugosity of the 
enamel of its teeth, but appears by the measurements to be distinctly 
smaller, so as to relate to it about as to P. major. 

38 G S 
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In comparison with Marsh's description of his .P. laticeps, the measure
ments are alllarger,and the enamel is as rugose as in L. major, instead of 
smooth. The shortening of the premolar series is greater in .P. diaconus; 
thus in .P. laticeps the two sets of molars are related as 49 mm. to 61; 
in the present one, as 106: 65; were the proportions similar, the length 
of the premolar series should be G9 mm. 

From Henry's Fork of Green River. 

LIMNOHYUS FON'l'INALIS, Cope. 

PalaJosyops jontinalis, Cope; Proceedings of American Philosophical Society, 1873, 
January 31. 

The smallest of the tapiroids of this series, being about the size of a 
dog. It is represented especially by a considerable part of the cranium 
of an individual in which the last superior molar is not quite protruded, 
but with the other molars and last premolar of t.he permanent dentition 
in place. The enamel of these teeth is in accordance with the age, deli
cately rugose, and while the cingulum is present fore ami aft, it is want
ing; internally and externally. The anterior median tubercle is present 
on all the true molars, and the bases of the acute inner cones are in 
contact. The sagittal crest is truncate, and the squamosal portion of 
the zygoma \ery stout. The nasal bones are together very convex in 
transverse section. 

Measurements. 
M. 

Len~th of true molar series, (2.75 inches) ............. _ .•........•............ 0. 067 
Longt h of last molar...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 025 
'Vidth of last molar............ .. . . .. . • . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • • • . 026 
Length of penultimate molar............................... .. . . . . . . . . . . . . . . . . . 0~6 
Length of penultimate molar................................................. . 026 
DeptlJ squamosal process ............. _ .•. ~.... . . . . • .. . . . . . . . . . . . . . • .. . . . . . . . . . 025 

Found by the writer on a bluff on Green River, near the mouth of the 
Big Sandy, Wyoming. 

HYRAOHYUS, Leidy. 

Geological Survey of Montana, 1871, p. 360. 

'rhis genus was originally described by Leidy from portions of skele
tons of individuals from the Eocene TertiaryofWyomirtg. He recognized 
it as related to the Lophiodon of Cuvier in dentition, and as sharing with 
characters of that Eocene genus peculiarities which belong to the exist
ing genus Tapirus. 

Having obtained a large series of remains of this genus, including 
more or less numerous portions of six species with nearly complete 
skeleton of H. eximius, Leidy, I propose to give such an account of its 
osteology as will place its relations on a certain basis. 

The characters which distinguish its dentition from those of the allied 
genera are as follows: 

Tapints, Briss. i.Jower Jaw : Third molar two-crested; three premolars, 
the third and fourth with two transverse crests. Upper jaw: Seven 
molars~ first with an inner heel tubercle; other premolars with two 
transverse crests. 

Hyrachyus, Leidy. Lowm· jaw: Third molar with two crests; four pre
molars, third and fourth with one transverse and one longitudinal crest. 
Upper jaw : Seven molars, first without interior heel; premolars with 
two transverse crests. 
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Lophiodon, Cuvicr. Lower jaw: rrhircl molar with three cross-crests; 
premolars three, Nos. 2 and 3 with longitudinal crests. Upper jaw: Pre
molars with longitudinal crest only, No. 4 with two transverse crests. 
Upper }ctw : Premola.rs with only one transverse crest. 

In Hyrachyus the uasal bones are elongate, and unite with the maxil
laries anterior to the orbit; in H. eximius above the foramen infra-orbitale 
exteri~ts j in Tapirus those bones are much shorteued, and either do not 
unib~ with tlle maxillaries or join them and the frontals above the orbit 
at different points from the anterior to the posterior borders. The tem
poral fossm are so extended as to produce an elevated sagittal crest, 
·which is bifurcate behind, each projection continuing along the outer 
margin of the occipital region as a lateral crest. The tympanic bone is 
unossified beneath the rnecttus auditm·ius externus, which is bounded in 
front by a strong postglenoid process. Posteriorly it is bounded by a long 
deRcencling rnastoirl process of the squamosal bone, nearly closmg it 
below. Tbis is bounded posteriorly by a long and stout paramastoid 
process, which is compressed from before backward and curves back
ward and inward. The foramen magnum has prominent supero-lateral 
margins which are nearly straigbt, and unite at a right angle above. 

The dentition is thus: I. -J; C. t; P. 1\II. t; .M.-J; a considerable dia
stema separates the premolars and the canine. 

In the species studied, the vertebrm are divided as follows: C. 7; D. 
18 ; L. 7 ; S. 5 ; C. (~). Of the cervicals the seventh only is not pierced 
by the arterial canal. The atlas has a broad flat '' tranverse" process. 

The digits are 4-3; the third with a symmetrical hoof, those of the 
exterior digits halved; the former have two reverted proximal processes, 
the latter one. The astragalus exhibits a deeply grooved and extensive 
trochlear arc, with rather long neck, which has a greater facet for the 
astragalus, a lesser for the cuboid bone. 

From the above it is evident that this genus is nearly allied to Tapi
rus and cannot be removed to another family. Professor Leidy states 
that the premolars differ from those of Tapir'us in ba\ing "but one in
ner lobe connected with the exteral crest by two transverse crests." The 
appearance of one lobe is produced by the posterior curvature of the 
anterior transverse crest round the inner extremity of the posterior 
crest. · 

I now proceed to describe the skeleton more exactly. 

HYRACHYUS PRINCEPS, Marsh . 

.Amer. Jour. Sci. and Arts, 1872, p. 125. 

From South Bitter Creek. 

HYRACHYUS EXIl\HUS, Leidy. 

Ha~·den's Geol. Survey Montana, 1871, p. 361. 

Oranium.-ln the specimen to be described, the anterior portion from 
t.he glenoid cavities is wanting. The sagittal crest is quite elevated, and 
the lateral occipital quite prominent, and continuous below with the 
superior margin of the squamosal portion of the zygoma. Four nutri
tious foramina pierce the parietal bone near its middle and above the 
paramastoid process, and two enter the squamosal above tile postglenoid 
process. The paramastoid process approaches near the occipital cond;rle 
by its posterior border. I cannot discover the sutural b"oundaries of the 
mastoid bone, but that . separating the paramastoid process from the 
process in front of it is distinct. The condyle of the mandible is mas-
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sive, and the posterior border of the latter extenus backward with a 
slight obliquity. 

JJfeasu/rements. 
M. 

Elevation of sagittal crest above foramen magnum.. . • • . . . . • • . • • . . • • . . . . . • . • • . 0. 045 
Width of bifurcation of crest behind...... . . . • . . . • . . . . . . . . . . . . .. . . . . . . . . . . . . . . 033 
Width of occiput behind meatus auditorius . . . . . . . . . . . . .. .. . . .. . . . . .. .. . . . . . . . 070 
Width between and inclusive of occipital condyles........ . . . . . . . . .. . . . . .. . . . • . 046 
Width temporal fossa at meatus...... . . . . . . . . . . . .. • . . . . . . . . . . . . . . . . . . • . . . . . . • . 05() 
Width meatus auditorins ..................................................... 012 
Width condyle of mandible. . . . . .. . • • . .. . . . . .. •. . . . . . . . . . . . .. . . . . • .. . . . . . . . . . . 032 
Depth of ramus behind...................................................... . 095 

In further illustration of the species I add measurements of teeth, 
&c., from another specimen: 

1l1easurements. 
M. 

Length of last two superior molars ............ ---- .......................... 0. 0-11 
Length of last ................................................. :. . . . . . . . . . . . . . 019 
V!iuth of last . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 02-2 
Length of inferior molar series .. .. .. . . .. .. .. . . . . . . . . . . . .. . .. . . .. .. .. • .. . . .. . . 095 
Length of premolars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 040 
Leugth of last molar ............ _.... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 021 
Width of last molar.. .. .. .. .. .. .. .. . . . . .. . .. . .. . .. . .. .. .. .. .. .. .. .. .. . .. • • . . 013 
Depth ramus at first true molar ...................... ·•• . . .. .. . .. . .. . . . . .. . . . . . 040 

VeYtebrw.-The atlas is deeply incised anteriorly above. It is rather 
short, and its traverse processes are flat, thin, about as long as broad, 
and with regular convex distal margin. The arterial foramen issues 
some distance above and within the notch which marks the anterior 
base of the transverse process. It enters at the notch at the posterior 
base. The neural arch is quite convex, and its anterior margin is ob
tusely rounded. The axis is near the same length, and bears a promi
nent and elongate laminate neural spine. Its uiaparapophysis is narrow 
aud overlaps the parapophysis behind it three-quarters of an inch ; it is 
pierced for the cervical artery. The centra of the third and fourth cer
vicals are about equal in length to that of the axis; but the remaining 
ones shorten successively to the seventh, which maintains a length 
somewhat greater than its width. The parapopbyses of these, except 
the seventh, are flattened, and have considerable antero-posterior extent, 
their extremities overlapping. A short and rather narrow and stout 
diapophysis is present on the sixth cervical ; on the seventh it is larger, 
especially expanded antero-posteriorly at the base and truncate. There 
is no parapophysis. The fourth, fifth, sixth, and seventh have strongly 
opisthocmlian centra; that of the third is injured. 

Measurements. 
M. 

Length of the cervical series ................................................. 0.175 
Length of atlas, between articular faces...... . . . . . . .. .. . .. . . .. . .. .. .. . .. . .. .. . 046 
I .. ength of base transverse process . .. . .. .. .. . .. . .. . . .. .. . . .. .. .. . .. . .. .. .. .. . . 0~5 
Length of transverse proces::; ......... _ ......... ~.................... ... . .. .. . 020 
Diameter neural canal in front...... . . .. .. . .. . . . .. . . .. .. .. .. .. .. .. .. .. .. .. . . . . O:H 
Diameter of anterior expanse .. . • .. .. . . .. .. . . . • .. . . . . . . . . .. . . . . .. . .. . . .. . . . . . . 050 
Diameter of total expanse........................... .. . .. . . . . .. . .. . . . . . .. . .. . . 099 
Length axis along basis neural arch.... .. .. . .. . .. .. .. .. .. .. .. .. . . . . .. . .. . . . .. . 021 
Etevation crest (rectangular) from posterior zygapophysis . . . . . . . . . . . . . . . . . . . . . . 036 
Length parapophysis of :fifth cervical on margin.... . . . . . . . . . . . . . . . . . . . . . . .. . . . . 001 
Extent zygapophyses of .lifth cervical on margin.......... . . • . . . . . . . . . . . . . . . . . . O.tS 
Expanse zygapophyses of fifth cervical on margin behind...... . .. . . .. . .. .. . • . . O.t4 
Elevation neural spine of C. 6................. .... ... • .. .. .. .. .. .. . ... .. . .. . . . 056 
Elevation neural spine of C. 7 ........ ····-· ................................... 075 
Length centrum below of C. 7. . . . . . . . . .. . . . . . . . . . .. • . . .. .. .. .. . . . . .. . . . . . . . . . 0:28 
Diameter of cup, about...................................................... . 032 
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The measurements indicate that the neural spines of th0 sixth and 
seYenth are quite elevated, the latter nearly equal to that of the :first 
dorsal. 

The spines of the dorsal vertebrre are elevated in the front of the 
series rising some distance above the scapulre. They shorten and widen 
rapidly from the middle of the series backward. The extremities of all 
from the scapula posteriorly are turned forward. The metapophyses are 
conspicuously elevated above the diapophysis on the eleventh dorsal, 
and on the eighteenth, their elevation is about .4 that of the neural 
spine. The diapophysis is extended beyond the tubercular articulation, 
on the eighteenth dorsal; the extension and expansion increases rapidly 
on the lumbars. On the fourth they are as wide at the base as .66, the 
length of the centrum, and maintain their width, being directed an
teriorly. On the sixth and seventh they are still wider and longer, a1 d 
very thin. They present a projecting transverse surface back"\\ard 
one-fourth the length from the base for articulation with the seventh 
lumbar and :first sacral respectively. The centra of the lumbars are 
depressed and slightly opisthocmlian, except the last, which is :flat. 
They are contracted and keeled below. 

The sacrum is long and narrow, and thoroughly co-ossified in the 
specimen. The diapophysis of the :first and part of that of the second 
give attachment to the ilium. The intervertebral foramina are rather 
small. 

jJ[easuretnents. 

Length of dorsal vertebrm along middles of neural spines ..•................. 
Length of lumbars do--------------·· ...... ---···-·---· ...... ---· __ ---· .. .. 
Length of sacrum along centra ...... ---- .... -·-· .... ---- ................ __ _ 
Di::uneter centrum first dorsal, (transverse) .............................. _ .. _ 
Diameter centrum first dorsal, (vertical)_ . _ ....... _______ .. ___ ............. _. 
Diameter centrum fifth lumbar, (vertical). __ ... __ .... _._ ....... __ .. _________ . 
Diameter centrum fifth lumbar, (transverse) ........ ---· .................... _ 
Length do .............................. -----· ....•................. ------ _ 
Length diapophysis sixth do ... __ ....... __ .. ____ ..... _ .. _ .............. _ .. __ 
Greatest transverse width of diapophysis sixth lumbar ___ .....•. __ . ___ . _ .• ___ _ 
Length centrum seventh lumbar ___ ... ---· ... _ .. ---· .. _ ................. ___ ._ 
Transverse diameter Cintrum first sacraL ___ ... _ ... _. _____ ... ___ ..... __ .. __ .. 
Transverse expanse diapophyses do ................ ---· ...... ____ .......... _ 
Transverse diameter end of last sacral . _ .. _ .. __ . _ ..................... __ .. __ 
Transverse diameter diapophysis do ___ . _ .................. _ ........... __ .. _. 
Elevation neural spine second dorsaL ..... ------ ............................. . 
EleYation neural spine seventh dorsal above scapula. ____ ... __ . ____ . _. ______ _ 
Elevation neural spine eighteenth dorsal, (from arch behind) .... , ........... _ 

M. 
0.420 
. 298 
.170 
. 019 
. OlD 
• 0.20 
. o:~:35 
• 009 
• Ot>!) 
. 0::.0 
. 034 
• o:~G 
• O_G 
. 0:20 
. 043 
• 0!)5 
.m5 
• 0.->7 

The ribs are long and slender, the first but little expanded dista11y 
and united with the 1nanub'i·ium sterni a little behind its middle. T!Jev 
number eighteen, but as tlle last is quite long, there may have been 
another pair of sllorter ones not yet exposed in the matrix. 

JJI easurements. 
M. 

Length first ... _ .. _____ ... _ ... __ .. _ ........ _ . _ .....•....... __ •.•••.... __ .. __ . 0. 118 
Width first, distally. __ ·----· ........ ------ ...... ____ .......... ------ .... --·· . 018 
Len~th e!ghteenth .... ·-:· ---- ( from tubercle 5 ---· -··· ...... -------- ·- -- .1BO 
Lent;th Sixteenth, (end b1oken) 5 ( ·-·--· ------ ........ ....... ....... .... . 223 

There are four ste'rnal segments preserved, with a fragment of another. 
They are distinct, and the first is the largest.. It is a longitudinal plate, 
placed on edge, with the anterior border strongly excavated. The in-
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ferior margins of the succeeding segments are thickened, but the com
pressed form remains, the section being triangular. 

The scapula is large for the size of the animal. It bas an approxi
mately triangular form, the base being superior. The posterior angle is 
rig·ht, but the anterior regularly rounded. The apex supports the gle
noid cavity on a neck which is contracted by a shallow excavation of 
the anterior margin. The latter is bounded next the glenoid cavity by 
the short obtuse coracoid, which stands a short distance above the a_rtic
ulation. The·spine is long, rather elevated, with a regular convex border 
curved backward. 

Measurements. 
M. 

Length of three sternal segments ............................................ 0. 147 
Length of first sternal segments . . . . . . . . . . • . . . . . . . . . .. . .. . . . . . . . . . . . .. . . . . . . . . 084 
Depth of first sternal segments in front...... . . . . . . . . . . . . . . . . . . . .. . . • . . .. . .. . . 044 
Width of first sternal segments below ............. '..... . .. . . . . . .. . . . . . . . . . . . . . 004 
Width of third sternal segments............................................. . 015 
Length of scapula, (median)................................................. . ::215 
Width above, (greatest)..................................................... . 130 
Width of neck........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 036 
Width of glenoid cavity .................. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 035 

Hmnents.-The head is directed a little inside of directly backward. 
The bicipjtal groove is very deep and the inner tuberosity hirge ar.d 
directed forward. The external tuberosity is much larger, as usual iu 
this group of ungulates, and rises in a hook-like apex above the level of 
the bead. The external bicipital ridge is lateral, and not very promi
nent, extending on one-third the length of the shaft. The shaft is mod
erately compressed at the middle, but transversely flattened below. It 
is nearly straight. The condyles are narrow, and the inner and outer 
tuberosities almost wanting; their position marked by shallow concaYi
ties. The external continues in a lateral crest which turns into the 
slJaft below the lower thiru. The inner conuyle is both the widest and 
most prominent; the external bas its carina at its middle, and its ex
ternaJ trochlear face oblique and narrow; narrowest behind. The ole
cranar and coronoid fossffi are deep and produce a small supra-condylar 
foramen. 

The ulna exhibits a large and obtuse olecranon, concave on the ex
ternal face. Its glenoid cavity is narrowed and elevated behinu; in 
front it widens, and there the ulna receives the transverse proximal end 
of the radius, which overhangs it on both sides, leaving the little eleva
tions of the right and left coronoid processes about equal. The vertical 
diameters of the shaft of the ulna are about equal throughout. Its 
section is triangular, the base being next the radius for the proximal 
third. This is followed by an edge next the ulna, and the base of tbe 
section is on the outer inferior aspect, on account of the direction of an 
angle from a short distance beyond the outer coronoid process to the 
base of the ulnar epiphysis, where it disappears. Distally there are 
two other very obtuse ridges abov-e this one. The extremity bears two 
facets-the larger for the cuneiform, the smaller for the pisiform bone. 

The radius is throughout its length a stouter bone than the ulna anti 
bears much the greater part of the carpal articulation, viz: with the 
scaphoid, lunar, and part of the cuneiform bones. This articulation is 
transverse to that of the ulna, which is thus at one side of and behind 
it. The head is a transverse oval in section, the narrower end outward. 
The articular face consists of one and a half trochleffi, the latter wider 
and interual. The shaft is a transverse oval in section, with an angular 
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ridge along the middle externally, and the distal part proximally. A 
broad groove marks the- upper face of the epiphysis, where the shaft 
has a vertical inner face. 

Measurements. 
M. 

Length humerus, (axial) .....•..•.•.....•...••..........•......•.••....•..... 0. 270 
Diameter beau to bicipital groove...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 037 
Length along crest outer tn berosity, (about)...... . . . . . . . . . . . . • • • . . . . . . . . . . . . . . 052 
Transverse diameter, distally . . . . . . . • . . . . • . . . . . . . . . . • • • • • . . . • • • . . . . . . . . . . . . . . . 046 
Antero-posterior diameter, inner condyle.............. . . . . . . . . . • • . . • . • • . . . . . . . . 042 
Width olecranar fossa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 020 
Length u Ina.... . .. _ .. _ ....•.......... _. . . • . . . . . . . . . . . . . • . . . • • • . . • . . . . . . . . . . . 260 
Depth olecranon, distally...... .. . . . . . . . . • . . . • . • . . . . . . . . . . . • . . . • • • . • . . . . . . . . . . 0~7 
Depth at coronoid process ....• :.............................................. . 025 
Depth of distal euu _....................... . . . . . . . . • . . . . . • . . . • . . . • • . . . . . . . . . . . 019 

· Depth at middle shaft .. ...•...•....•.....•...•...••...•... --~--- .•..•. ....... .,019 
Length radius_... . . . • • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . • . • . . . . • . . .. • .. . . . . . . . 200 
Width of head ....•............ ~---·-······································· .03G 
Depth of head .. --·: .... •... ..•... .... .... .... ...•.. ...... .... ...... .. .. .... . 021 
Width shaft at middle .................................................... __ . 021 
Width near distal end, (greatest) .......••... _ ....•.......•............... _. _ . . 0:~7 
Width distal articulation ...............•..... _ ....•...••....•...•......•. _.. . 030 

The elements of the carpus are distinguished for length, and for re
duction of width. The anterior faces of all are considerably longer 
than broad, but the longest faces of the cuneiform, scaphoid, and trape
zoides are antero-posterior. The facets are as usual in the. carpus; sca
phoid t; lunar~; cuneiform f-; trapezium t; trapezoides t' magnum~; 
unciform t· The cuneiform bas a rather L-sbaped external face. Tlle 
pisiform bas two proximal facets and is enlarged and thickened distally; 
pressed in ward, it reaches the scaphoid. The trapezium is a small 
subdiscoid bone with convex outer face. The magnum is as broad as 
deep in front, where its surface is swollen; it is produced behind into a 
spatulate decnrved hook. The unciform has a narrow sub-acute hook 
behind, with wide base. 

:Measurements. 
M. 

Width of carpals of first row together ....••.......••.••....••••••••..•.• ~. . . . . 0. 044 
Width of lunare, outer face .•....•......... _ ....... __ _ ....•............. _..... . Oln 
:Oepth of lunare , outer face ................•. _ .........•............ _ ... _ .. _. . 020 
Depth of cuneiform, outer face....... . . . . . . . . . . . . . . . . • • . . . . • • • . . . . . . . . . . . . . . . . 0<!0 
'Width of cuneiform, outer face...... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 020 
Length of pisiform, outer face...... . . . . . . . . .. . . . . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . 030 
Depth distally, outer face . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . 0 t4 
Width three carpals of second row... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 0:38 
Width magnum, outer face ...•....•.•......................•............... _. . 015 
Depth magnum, outer face ....•.........................•.•................... 014 
Depth unciform, outer face ...•....•........................ ·.... . . . . . . . . . . . . . . . 017 
"Witlth unciform, outer face...... . . . . . . . . . . . . . • • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0:20 
Length unciform, antero-posterior.:................ . . . . . . . . . . . . . . . . . . . . . . . . . . ·0.21 
Length magnum, antero-posterior ...........•..•................••........ _.. . 029 
Totallengtll of carpals.... . • • • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . 040 

The metacarpals are quite slender. The first only is wanting; the 
third is rather stouter than the others, while the fourth is cmH::liderab1y 
the most slender. Its distal extremity is oblique, with prominent median 
keel, which is wanting on the superior aspec.t. The proximal facets of 
these bones are respectively (2d) 2, (3d) 2, (4th) 1, (5th) 1. There is a 
short, shallow groo"·e near the proximal end of No. 3. The phalanges 
corresponding are lost in the specimen. 
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Jl.f.easu'rements. 
M. 

Length of fifth metacarpaL... . . . . . . . . . . . . . . . . . . . . . • . . . . . . • • • • . . . . . . . . . . . . . . . 0. 070 
Estimated length of foot .............•.......•................................ 187 
Distal diameter of fifth metacarpaL.......................................... . 012 
Proximal diameter of metacarpal .......................•.............. --. .. . . 007 
Proximal diameter of fourth metacarpal...... . . . . . • . • . . . . . . . . . . . . . . . • . . . . . . . . . 012 
Proximal diameter of third metacarpaL. . . . . . . . . . . • . • . . . . . . . . . . • . • . . . . . . . . . . . . . 017 
Proximal diameter of second metacarpaL... . . • . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . 012 

The above are taken on the articular faces trans\~ersely. 
Tile pelvis is perfectly preserved. The ischium is but little over half 

as long as the ilium, measuring from the middle of the acetabulum. The 
ilium is a triradiate bone, the superior or sacral plate rather shorter and 
wider than that forming the '~crest," which is subsimilar to the pedun
cular portion. The crest expands very slightly distally forward and 
<lownward. The ischio-pubic suture is a long one, and the obturator 
foramen a long oval; the inferior pelvic elements do not form a trans
verse, but meet at an open angle. 

Measurements. 
M. 

Length ilium to sacral border.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 0. 1:10 
Lt>ngth ilium to crest........................................................ .180 
Wiclth crest........................ . . . . . . . . . . . . .. . • . . . . . . . . . . . . • . . . . . . . . . . . . . 060 
Width peduncle............................................................. . 030 
Length ischium from middle of aceta1mlum..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Wiuth ischium posteriorly......... . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0~0 
Length obturator foramen................................................... . 041 
Width obturator foramen.................................................... . 034 
Expanse of ischia above at middle.. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 076 

Fem~r.-The head projects inward on a well-marked neck. The great 
trochanter is strongly reeurved and presents an anterior tuberosity as 
well. It rises to an in curved apex much elevated above the head. The 
prominence of the front of the femur is continued into the front of the 
trochanter. The outer margin of the shaft is thin, and at a point two
fifths the length from the proximal end is produced into a low third 
trochanter, which is curved forward and thickened on the margin. The 
trochlea is well elevated, the inner margin a little the more so, and is 
narrow. It is continuous with the surface of the inner condyle, which is 
the shorter and more vertical; the external is longer and divergent; its 
terminal face is marked by two fossre, one in front of the other just out
side the distal end of the ridge bordering the trochlea. Little trochanter 
moderate. 

~[easurernents. 
M. 

Total length ........... ~.. . . . . . . . . . . . . . . . . . . . . . . . • • . . . • • . • . . . . . . . . . . . . . . . . . . 0. 285 
Proximal width of head and trochanter.... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . Oi5 
Width from front to edge third trochanter •........... ~....................... . 050 
Width just above condyles................................................... . 0:)5 
Width of condyles ........... - ................................... """......... . Or\8 
Chord of outer condyle and trochlea...... . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 060 

The tibia bas a broad prominent crest, which is remarkable in being 
deeply fissured longitudinally at its superior portion. The tendinous 
notch separates the outer portion of the crest from the spreading margin 
of the outer cotyloid face. The crest disappears at the proximal third, 
and the shaft becomes flattened in front and on the inner side. The dis
tal articular extremity is impressed by 1. -H trochlere, the outer being 
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completBd by the fibula. The posterior tuberosity is more nearly median 
than usual, hence the inner margin of the inner trochlea is low poste
riorly, and tli~ inner malleolus has a considerable beveled inferior mar
gin. The fibula has a slender shaft~ but little compressed. The head is 
expanded fore and aft, and the malleolus is quite stout. 

:Measurements. 
M. 

Length of tibia .............................................................. 0. 244 
Diameter from outer angle of head to hmer angle of crest...................... . 065 
Diameter distal end, (greatest) .................. -- ....................... _... . 035 
Diameter articular face, transverse...... .. . • .. . . . • .. . .. • • .. .. . . .. .. .. .. .. .. .. . 027 
Diameter articular face, fore and aft ..................................... _ .. .. . 026 

Both hind feet are perfectly preserved. The astragalus is rather elon
gate and compressed, the lower face truncate with two longitudinal 
bounding ridges, the outer of which is discontinued before reaching tbe 
heel. The surface between them is striate grooved. The outer face is 
slightly concave. The astragaliue facets are much expanded inward; 
the outer is transverse and strongly conYex, and separated by a groove 
from the inner, which is longitudinal and nearly plane. The posterior 
edge of this, and convexity of the outer facets are received into a trans
verse groove of the posterior part of the lower face of the astragalus. 
Tile cuboid facet is diagonal, and is bounded within by a third narrow 
facet for the astragalus. Tbe.astragalus bas a strongly convex deeply 
grooved trochlea; the convexity extends over 1580. The trochlea is 
nearly in the vertical, a little oblique to the longitudinal axis of the 
foot. The exterior malleolar facet is well marked, and bounds a lateral 
fossa above. The neck of the astragalus is broad and not contracted, but 
not wider than the trochlea. Its navicular facet is wide and concave, 
the cuboid narrow, with a long angle behind. The cuboid is quite elon
gate, and with a narrow anterior face; it has a large posterior tuberosity 
not projecting much posteriorly. The navicular is flat, with a sigmoid 
proximal face, convex on ·the inner side, concave on the outer. It 
has the three cuneiform facets below the inner antero-posterior. The 
inner is a flat bone with antero-posterior plane and apex direct('d back
ward, and considerably oblique facet for the second metatarsal. The 
mesocuneiform is much the smaller, and brings the third metatarsus a 
short distance proximal to the fourth. The ectocuneiform is a little 
wider than deep. The metatarsals are three, and are rather slender. 
The two outer are equal in length, and the median but little wider prox
imally, the increased width being more obvious distally. They have no 
proximal grooves, and the outer bas a low outer tuberosity .. The facets 
of the second row of tarsals are t t t· The phalanges, including ·un
gueal, are 3, 3, 3. The proximal ones are longer than wide and con
tracted at the ends ; the penultimate are still stouter in form. The 
ungues of middle line are symmetrical and broad, with the margin a 
segment of an ovoid, and slight contraction at the neck. The proximal 
articulation is bounded by a fossa on eacil side, which is in its turn 
isolated by the elongate process found in the tapir and in the.horse. 
The margin is marked by radiating strire separated by grooves, of which 
the median is the most marked. The lateral ungues are contracted on 
the inner side, and only possess the proximal fossa an<l hook on the 
outer side. The median distal groove is well marked. 

Measurements. 
M. 

Length of hind foot from heeL ...... .............. ---------· .................. 0. 286 
Length of calcaneum ............ ----·· ................ ------ .... ·----· ...•... 083 
Length of cuboid facet of calcaneum.................................... .. . ... • 024 
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M. 
Depth calcaneum behind........... . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . 025 
Wi<lth calcaneum at astragalus.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 035 
Greatest axial length of astragalus ............................ _ . . . . . . . . . . . . . . • 045 
Width between trochlear crests astragalus...... . . . . . . . . .. . • . . . . . . . . . . . .. . . . . . . 022 
Length neck between trochlear, outer side .....•............................... 014 
Width bead between trochlear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 030 
\Vidth navicular............ .. . . .. . . . •.. .. . ...... .. .. .. .. . . .... .. .. . . .. .. ...• . O~H 
Length navicular at middle.................................................. . 010 
Length cuboid.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02~ 
Depth outside.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 025 
Leugtb eetocuneiform in front .................•..........................• ~. . 013 
Width ectoeunciform in front................................ .. . . . . . . . . .. . • • .. . 019 
Width mesocuneiform in front................... . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 019 
Length mesocuneiforrn in front...... . . . . . . . . . . . . . .. . . . . . . . • . . . . . . . . . . . . . . . • . . . 008 
Length entocuneiform at side ............................................... : . 021 
Depth entocuneiform at sicl.e.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015 
Length of metatarsus IL... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 102 
Length of metatarsus III.. . . . .. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Width of metatarsus II proximally........................................... . 016 
Width ofmetatarsus III proximally ........................................... 020 
Width of metatarsus II distally ..... ( within 5 . . . . .. . . . . . . • . . . . . . . . . . . . . . . . . . • 016 
Width of metatarsus III distally ..... 5 fossa { . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 025 
Length median phalanges I. .......................................... __ ..... . 025 
Width median phalanges I distally . . . .. . . . .. .. .. . . . . . . . . . . . . . .. .. . .. . . .. .. . . . . 015 
Depth median phalanges I distally .. .. .. . . .. .. .. . .. .. . . . .. . .. . . . . .. . .. . . .. . .. . 009 
Length median phalanges II ......................................... ________ . 015 
Length median phalanges unguis...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 029 
Width of articuhw facet unguis............................................... . 014 
Width of neck of facet . unguis.. . . .. . . . . . . .. .. . . . . .. . . . . . . . . . . . . .. .. . .. . .. . .. • . 021 
Width of greatest expanse facet unguis.................................... . . . . . 029 
Length phalanges of metatarsal II ............................. _ ... , . . . . . . . . . . . OoO 
Length unguis of metatarsal II........... . . . .. . .. . .. . .. .. . . . . .. .. . . . . . . . . . . . . 028 
Width unguis, (greatest)...................................................... . 018 
Length metarsus and phalanges IV........................................... . 158 

Rcstoration.-Tbe following dimensions may be relied on as a basis for 
a restoration of this species: 

Measurements. 
M. 

(bead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . • . . . . . . . . . . • . . • 0.220 
Length. ) vertebral column less tail ....... ~.... . . . . . . . . . . . . . . . • . . . . . . . . . . • • • . .063 

lequal42.1 inches .................................................. 1.283 
(of neural spines exposed .. .. . . . .. .. . . .. . .. .. . . . . . . .. . .. . . .. . . . .. .. . .035 
1 of scapula ................... _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .215 

Height. ~ of fore leg.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .692 

l total 31.0!) inches inclusive . • .. . . .. . .. . . .. • . • . .. .. . . .. . .. .. . . . . . • . .. .947 r of bind leg .... -------- ... --.-- .... ----- ........ --· .. -............. .770 
Height_) of elevation of ilium.............. .. .. . . . .. . .. .. . . .. . .. . . . . .. ... .. . .135 

l total29.7 inches ............................... ~...... . .. . .. . . • . . . .. .905 
Depth of bocly at middle manubrium........................................ .255 
Depth of body at 15 rib...................................................... .250 

Allowance being made for tlle obliquity of the humerus, scapula, 
femur, and ilium, the elevation in life was-

M. 

At the withers, (26.6 inches).. . .. . .. . .. .. . . . . .. . . . . • .. . . .. . . . . . .. . .. .. .. .. .. • • .872 
At the rurnp...... ...... ...... ...... ...... ...... ...... .... .... .... ...... •.... .762 

The size of this species was, then, that of a large sheep. 
Comparison of the skeleton with that of Tapirus roulini.-For the oppor

tunity of making this comparison I am iudebted to tbe Smithsonian 
Institution, wllich possesses a skeleton of the above species of tapir from 
Ecuador, presented by President Moreno. 

Graniurn.-In addition to the generic characters mentioned at the 
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commen~.ement of this description, the H. eximittS and T. roulini differ 
as follows. in H. eximius there is (1) a high sagittal crest which is want
ing in T. rottib.i, T. malayanu8, and approximated in T. ten·estris. (2) 
The crest of the Jqnamosal part of the zygoma is continuous with the 
lateral occipital crest, wbich is not the case in existing tapirs. 

Vm·tebrm.-(1) The arterial canal of the atlas iR not isolated in front 
as in T. roulini, but notches the. basis of transverse process. (2) The 
axis is longer than in T. roulini. (3) The neural spines and especially 
the metapophyses of the posterior dorsal vertebra; a.re more elevated. 
(4) The end of the centra of the lumbars ai.·e flatter, and more depressed. 
(5) The diapophyses of the same a.re wider and longer and thinner, and 
the penultimate articulates with the last by an angular process, which 
is not the case in T. 1·oulini. 

Scapula.-(1) This bone is equal in size to that of aT. rmtlim~, of con
siderably greater general dimensions, and is hence relati,ely larger. (2) 
The spi11e is not angulate as in that species, bas a larger base, and larger 
ele-vated margin. (3) The neck is more contracted, and (4) the coracoid 
is not recurved as in T. roulini. (5) The sinus bounded below by the 
latter is much shallower, and not bordered above by a recurved hook of 
the margin. 

Humerus.-(1) It is relatively smaller in H. eximius. (2) The internal 
bicipital ridge ofT. roulini is wanting. (3) The external condyle is much 
shorter, whenee its border is nearer its trochlear rib. The rad·ius bas a 
narrower head, (1,) the external articular plane being slwrtened. (2) The 
shaft is wider with a more acute longitudinal lateral ridge medially, and 
more rounded distal end. The ulna is (1) absolutely nearly as long as 
in T. roulini, being tbns relatively longer. (2) It has three weak, longi
tudinal ridges on a convex outer face; in 11

• roulini the external face is 
di-.;-ided by a Yery prominent longitudinal angle from the radial cotylus, 
which spreads distally, sending one angle to the upper and another to 
the lower base of the distal epiphysis. 

Om:pus.-'rhis part is (1) absolutely and relatively smaller than in T. 
roul~ni. (2) The pisiform is more cylindroid distally. (3) The scaphoid 
is more produced backward on the inner side; the excavation of the 
inner side is more continued as a concavity of the outer side of the fi.·ont. 
(3) The unciform has an acute tuberosity behind; in T. roulini it is short, 
Yertical, and obtuse. (4) The trapezoides bas a shorter, wider, and more 
swollen external face. (5) The pisiform is small and con\ex, instead of 
being larger and flat. 

Tlw metacarpa~s (1) are absolutely and relatively smaller. (3) The 
inner (II) Las a more oblique phalangeal articulation, which is short 
above and with the keel prolonged upward, instead of being, as in T. 
'i·o'ltlini, distal only. 

The pelvis is distinguished by the much longer plate of the ilium, 
"hose extremity constitues the crest. (1) The crest is also shorter, and 
more anterior. In T. roulini this plate does not so much exceed the 
sacral plate in length. (2) The pubes and ilia are not so horizontal, but 
meet at nearly a right ang·le, and (3) the ischiopubic common suture is 
considerably longer. (4) The obturator foramen is a more elongate 
oval. 

The femur is very similar to that ofT. roulini, being no smaller in rel
ative size. (1) The great trochanter is wider fore and aft, and with 
margin more continued on the anterior aspect of the extremity of the 
shaft. (2) The third trochanter is nearer the middle of the length. (3) 
The condyle surfaces are continuous with the rotular, not isolated as in 
T. 1·oulini. The latter also (4) lacks the two fossm on the outer margin 
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of the external seen in H. eximius. (5) The rotular groove is also nar
rower in the latter and not so <leeply excavated as in T. 'rouz.ini. 

The tibia is (1) reduced in size, and especially coutracte<l distally; the 
relative widths of the ends are 6 em: 3.5; in T. roulini 7.5 em to 5. (~} 
The crest is more prominent, and is deeply fisRnred by a groove, which 
is represented by a shallow concavity in T. rmdini. The groove (3) ex
ternal to this is deeper. ( 4) 'fhe posterior inner tuberosity of the distal 
end is more median, hence the inner trochlear groove is further removed 
from the anterior inner malleolus, which has, therefore, a greater inner 
(not outer) extent. 

The tarsus (1) is generally longer and narrower, except in tbe case of 
the cuboid bone, (2,) which is shorter than in T. roulini. (3) The astra
galus has a narrower neck, which, therefore, appears more on the inner 
side. (4) The facet for the cuboid is smaller. (5) The inner tuberosity 
of the head is more prominent. (6) The calcaneum is more slender, with 
larger cuboid. facet, especially posteriorly. The metatarsus is absolutely 
nearly as long as in T. roulini, and, therefore, relatively longer and more 
slender. (2) The median (III) is nearly similar to the others in width; 
in the T. roulini, mucb larger than the lateral. 

The phalanges of the first cross series are more contracted distally. 
The more important differeHces between the skeleton of the two species 

in addition to those pointed out under the head of the genus, are those 
of the ulna, the scapula, the lumbar vertebrre, tbe ilium, and the crest 
of tbe tibia. The scapula is more like that of .Tapirus terrestris, while 
the ilium is approximated by that ofT. malayanus among living species; 
its form leans toward the Equine series, and not to the Pctlmotlteroid. 

Conclusion. 

From the precetling it is evident that there lived in North America 
during the Eocene period a type of Tapit·idw only differing generically 
from that now existing in South America. Thus one form of the many 
peculiar and primitive ones of that time still persists in tbe tropics and 
souti.Jern hemisphere, which claims more ancient character than the 
rhinocerus, elephants, and other remains of Miocene time. 

The affinities of Gercoleptes and Nas'lta to the types of the same period 
have been alrea<ly indicated,* and with the present case may be regarded 
as confirmatory of the proposition stating- the early geological state of 
the existing Fauna N eotropica. t 

HYRACHYUS I:M:PLICATus, Cope. 

On some Eocene Mammalia, &c., 1873, p. 5; published March 8. 

This tapir is smaller and more slender than the H. agrestis, Leidy, but 
exhibits an equal size of posterior molar teeth, which are thus relatively 
larger than in that species. It is represented first by both maxillary 
bones, with most of the molars complete, from Cottonwood Creek, 
Wyoming; then by the side of the face, with molars of both jaws com
plete, with symphysis and portions of all the incisors, from South Bitter 
Creek, and by part of maudil>ular ramus, with teeth, from Green River, 
with probably other specimens. . 

The molars differ from those of the other Hyrachyi, and resemble those 
called Helaletes, in tile presence of a prominent ridge, which descends 
on the inner side of the principal (median) outer cusp, not quite reaching 

" See on the Primitive Types of the Mammalian Orders, 1873. 
t See Origin of Genera, p. 99 and preced. 
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the valley below. It wears into a prominent loop. The anterior cusp is 
much less elevated than the median, and is separated from the latter by 
a considerable ridge. The only cingulum on the molars is on the outer 
siue of the first. Enamel smooth. 

llfeasurements No. 1. 
:M. 

Length of five molars ...••...... -------------- •••••....•••••••.•.••••. ·----· 0. 071 
L ength of three posterior molars.... . . . • . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . 0470 
Length of last molar .............•.........•.•.•...•......... _.. . . • • . . . . . . . . 0159 
Width of last molar .............................•................. _.. . . . . . . . 0200 
Width of penultimate molar................................................ . 0210 
Length of penultimate molar. . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 0168 

In the more perfect specimen all of the molars have two transverse 
crests, except the P.M. 1. The lower molars possess strong anterior 
prolongations of their posterior crests ; the third and fourth premolars 
have one elevated transverse crest near their middle, and the second 1s 
much compressed. The first I cannot find. Symphysis rather short 
for the genus. 

Measurements No. 2. 
- M . 

Length of superior molar series .................... " • • • • • • • . . . . • • • . . • . . • • . . . 0. 085 
Length of true molars .............•........ , ..•..... _ ..... _........ . . . . . . . . . 046 
L ength of penultimate.... . . . . • . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . . . . . . . . . . . . . . . • . 015 
Width of penultimate...................................................... . 019 
Length of inferior ruolar series...... . . . . . . . . . . • • . . . . . . . . • . . . . . . . . . . . . . . . • • • . 078 
Length of inferior true molars .............•......... - ~ --..... .. .. . . .• . . . .. . . 047 
L ength of pen ultimate .........••..............•.............•........... _.. . 017 
·width of penultimate ........••............•................. ___ .... __ • . . . . . 011 
Width of last prernol:tr...... . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . 008 
L ength of last premolar .............•.....•............................ ~-.. . 012 
Depth of ramus at last premolar...... . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . 02:35 
Length of diastema... . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 01!) 
Length of bases of three incisors ... " . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . • . 018 

HYR.A.CHYUS .A.GR.A.Rrcs, Leidy. 

Common everywhere. 

H YR.A.CHYUS BOOPS, Marsh. 

H elaletes boiips, Marsh, American Journal, 1872, p. 218; Hyrachyus boops, CO]Je, On 
some Eocene Mammals, &c., H:!73, p. 6. 

Bitter Creek and Black's Fork. 

HYRACHYUS N.A.NUS, Marsh. 

Lophiodon nanus, Marsh, American Journal Sciences and Arts, 1871, July; Hyracl!yus 
1umus, Leidy, Geological Survey of Montana, 1871, p. 361 ; Helaletes, Marsh, l. c., 
1872, p. 21!::1. 

Cottonwood Oreek. 
ANCHIPPOD US, Leidy. 

Proceedings Academy Natural Sciences, Philadelphia, 1868, p. 232; Trogosus, Leidy, 
Proceedings Academy Natural Science, Philadelphia, 1871, and Geological Survey of 
:Montana, 1871, p. 359. 

ANCHIPPODUS MINOR, Marsh. 
Palreosyops minor, Marsh, American Journal Science and Arts, 1871, July; T1·ogosus 

castoridens, Leidy, Geological Survey of Montana, 18i 1, p. 360. 

Cotton wood Creek. 
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OROHIPPUS, Marsh . 

.American Journal Science and Arts, 1872, (published .August 7.) 

Superior molars, with two external crescentoid crests, and two inter
nal cones, which are connected with the former by low oblique crests 
which are directed to the anterior bases of the outer tubercles. 

This genus constit.utes an approximation of tbe Limnohyus type to 
.A rwhitherium,, and probal>ly connects effecti \·ely the equine and tapiroid 
divisions. 

0ROHIPPUS PROCYONINUS, Cope. 

Proceedings .American Philosophical Society, 1872, p. 466, August 3. (HAlotherium.) 
Orohippus purnil1.lB, Marsh, I. c., August 7, Hl72. 

This species is distinguished by its small size, as it did not much ex
ceed the raccoon in dimensions. The size of a right superior molar is as 
follows: 

JUeasurements. 
M. 

Length ..•....•. ~.... . • . . . • . . . . . . . . . . . • . . . . . . . . . • . . . . . • • . . . . • . • . . . . . . . . . . . . 0. 007 
Width posterior ............ -----........................................... . 0085 
Width anterior ......... _ ......................•.....•.•............... _-... . 006 

The crown presents four tubercles, of which the inner are flat on the 
anterior, the outer flat on the external side. The anterior cross-ridge 
has a trihedral tubercle, and a low tubercle intervenes between the two 
posterior in front of them. An anterior and a posterior cingulum. 
Enamel smooth. 

Genera Incertm Sedis. 

OROTHER[UM, Marsh. 

American Journal Science and Arts, 1872, p. 217. 

0ROTHERIUM VASACCIENSE, Cope. 

On some Eocene Mammals, &c., p. 3. 

Lophiotheriwn vasacciense, Cope. Proceedings American Philosophical Society, 1872, 
July 11, (extras.) Nothw·ctus va~crcciensis, Cope, I. c., 187:2, 47 4. 

This species is similar to the next in most respects, the corresponding 
molars differing in the more elevated yoke between the tubercles of op
posite sides, and tbe presence of a posterior median tubercle. 

H.epresented by a portion of the left ramus of the lower jaw, contain
ing one tooth in perfect preservation. The structure of this indicates it 
to ue the second true molar, aud presents certain features of distinction 
from the same tooth of the L. sylvaticurn, described by Dr. Leidy. The 
crown presents four tubercles, which are arranged in pairs, the separa
tion between the right and left lobe of each being slight, thus giving the 
tooth the appearance of having two transverse crests as in Hydrachyus. 
The two anterior and outer posterior tubercles are fissured by wearing, 
but the inner posterior consists of two ncnte crests, which meet, pre
senting an acute angle toward the adjoining tubercle. The outer pos
terior tubercle sends a descending crest obliquely to the base of the inner 
anterior tubercle, as in L. sylvaticmn. A small tube~cle occupies the 
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space behind the interval between the posterior tubercles and gives 
origin to a cingulum which passes round the bases of the outer tubereles. 
It extends round the front of the tooth to the outer anterior tubercle. 
Wear would produce small angular crescents from the two posterior and 
the outer anterior tuberde. Greatest length of crown, M. 0.008; width, 
.006. The enamel of the tubercles is rugose. 

This ungulate was of about the size of the L. sylvaticum, or equal to 
the raccoon. It differs considerably from that species in the less isola
tion of the tubercles of the molar, and the crescentic form of the inner 
posterior. 

From Green River beds near Evanston, and the same near Black 
Buttes, Wyoming, on opposite sides of the Bridger Basin. 

0RO'l'HERIUM SYLVATICUM, Leidy. 
Lophiotherium sylvaticnrn, Leidy. Proceedings Acedemy Natural Sciences, Philadelphia, 

126; 01·otheriurn, Marsh, American Journal Science and Arts, 1872, August 13. 

From Black's Fork, vVyoming. 

OLIGO~OMUS, Cope. 
On some Eocene Mammals, &c., March 8, 1873, p. 2. 

Char. gen.-Molars constructed much as in Hyopsodus and Lophiothe
rium, viz, with two external subtrihedal cusps, which wear into cres
cents, the posterior connected by a low oblique ridge with tlle basis of 
the anterior cone of the inner side; the latter with two conic eusps. It 
differs from these genera and Orotherium in the possession of but two 
premolars; the inferior molars are probably six, leaving four true 
molars. 

0LIG01'0lVIUS CINC'l'US, Cope. 
Loc. cit. 

Ghar. specif.-In this animal the cusps of the molars are elevated, the 
external most so, the anterior being somewhat bilobate. Premolars with 
two fangs·. There is a rudimental posterior tubercle in M. 1 and 2, and 
a strong cingulum ronud the outer side of the crown. In an adult with 
worn teeth the enamel is obscurely rugose. 

Measurements. 
M. 

Length of five molars.---- ... --- ..• --- .. -- .. -·-- . ---- .... -.--. _ ... ___ .. ____ . 0. 0326 
Length of two premolars._--- .. ---- .. __ - _- . ---- .. _. __ ...• __ .. ____ ....... ::. . 0120 
Leogth of M. 2 .. -- ... ---- •. ---.- . -.-- .. ---- .. --- ....... -- .. _. __ .. _. __ . _ .. _ . 0067 
Width of M. 2 anteriorly .• ~.- .. ----- . ---- .. -.- .... --- .. - ... -- _ .. ____ .. ____ . . 00;)0 
Width of M. 2 posteriorly._. __ .... _.- ____ ... __ ... ___ ... ______ . _ . _ .... _ .. _. _ . 0050 
Depth ramus at front of P.M. 1. ___ --------- ·----- ------ --·· ---· ·----· ------ . 0126 

From Cottonwood Creek, Wyoming. 

ANTLt\.CODON, Marsh. 

American Journal Science ancl Arts, 1872, p. 210. 

AN'l'I.A.CODON PYGMJEUS, Cope. 

Lophiotherium pygmmum, Cope. Proceedings American Philosophical Society, 1872, 
extras, July 20; .Antiacodon venustus, Marsh, America u Journal Science and Arts, 1872, 
(published August 1:t) Hyopsoclus pygrnmus, Cope, loc. cit., p. 461. 

From Cottonwood, Wyoming. 
Represented by a portion of the right mandibular ramus, with the 

penultimate and antenenultim~tte molars iu perfect preservation. These 
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teeth present four cusps, of which the outer are crescentoid in section, 
the inner conic. They are all elevated, and the inner anterior is in both 
teeth compressed and bifid. It receives an oblique ridge from the outer 
posterior crescent, which also sends a riuge to the posterior inner. 
Enamel smooth. 

Measurements. 
M .. 

Length of penultimate molar .......•..•• ·----· ......... ··--·· .............. 0. 0045 
Width of penultimate molar behind ......... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0040 
Depth of ramus at posterior margin of penultimate molar ... __ . . . . . . . . . . . . . . • . OOiO 

This is a small mammal, about equal in size to a weasel. 

ANTIACODON FURCATUS, Cope. 

On some Eocene Mammals, &c., p. 1, March 8, 1873. 

Established on a part of the right ramus mandibuli, with the t.bree 
molars and last premolar in perfect preservation. The crowns of the 
molars are composed of two external, chevron-sllaped tubercles, the apices 
rising as acute cusps, and two internal cones, the interior of which is 
flattened and strongly bifid, both points being more elevated than any 
of the others. The cusps are nearly opposite to each other, and be
hind the interval between the two posterior rises another, not so ele
vated as the others, except on the posterior molar. Here it is elevatedt 
and nearly equidistant from the two in front of it. The enamel is 
smooth, and there is no cingulum on either side. The premolar COilsists 
of a principal sectorial cusp, and bas a smaller but stout acute anterior 
cusp, wi~h a small rudiment of another behind; a stout cusp rises from 
the inner posterior margin of the principal one, giving it a subbifid 
appearance. 

Measurements. 
M. 

Length of four molars...... . . . . .. . . . . .. . . . . . . . . . . . . .. .. .. .. .. . . .. .. .. .. .. .. 0. 0105 
Length of three true molars................................................ . 0149 
Lengtll of last truo molar.. . . .. . . .. .. . . . . .. .. .. . .. . . . .. .. .. . . . .. . . . . . . . . . .. . 0055 
Length of first true molar.................................................. . 0043 
Wi<lth of first true molar front............................................. . 0025 
Width of first true mo1ar posteriorly.. . . .. .. . . .. . . . .. . . . . . . . .. . . . . .. .. . . .. .. . 0031 
Depth of ramus at front of M. 3...... ...... ...... .... .. .. .... ...... .... .... . . 00i5 
Depth of ramus at front of P. M. l.ast.... .. . .. . .. . .. . .. . . .. .. .. . . .. .. . . . .. . . . ."0055 

This species differs from the last in the presence of the posterior 
tubercles on the M. 2-3, and the absence of external cingulum. The 
sizes are not very different. 

From the bluffs of the Upper Green River. 
The genus to which this species belongs differs from Hyopsodus in the 

carnivorous form of the last premolar, which bas a well-developed an
terior cusp. I refer it to the same genus as the last species, though its 
characters have neYer been pointed out by the author of the name, (Pro
fessor Marsh,) nor are the characters which distinguish it from Boma
codon of the same author discoverable. He states that the cuspR in B
vagans are "isolated," a character which does not apply to A. jitrcutus, 
in which they are related much as in Hyopsodus. 
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MICROSYOPS, Leidy. 

Proceedings Academy-Natural Sciences, 1872, p. 20. 

MICROSYOPS VICARIUS, Cope. 

On some Eocene Mammals, &c., 1873, p. 1. 

Founded on portions of the mandibular rami of two individuals from 
the Bad Lands of Cottonwood Creek, Wyoming. These represent an 
m~imal considerably smaller than the Hyopsodus paulus, aud with proba
bly only three premolars. This is lJelieved to be the fact from the small 
size of the last premolar, and the anterior contraction of the first molar. 
The molars have uo external cingulum nor antero-external tuberosity 
described to exist in the JH. gracilis, by Marsh. The cones have simple 
apices, and the oblique connecting 1·idges of both genera. 

Aieasurements. 
H. pul1ts. M. vicarius. 

Length of three molars ..................................... _ ... 0. 0136 
Length of last molar .............. _ ...................... _..... . 052 
Length of first molar ..................................... __ .... . 040 
Width of first molar anteriorly ............... _ .............. _.. . 041 
Width of first molar posteriorly .............. ... _.. . . . . . . . . . . . . . . 043 

HYOPSODUS, Leidy. 

M. 
0. 0115 
. 0045 
. 00:38 
. 00:26 
. 0029 

Proceedings Academy Natural Science, Philadelphia, 1871; Geological Survey Mon
tana, 1871, p. 362. 

HYOPSODUS PAULUS, Leidy. 

Hayden's Survey Montana, &c., 1871, p. 363. 

From Cottonwood and South Bitter Creeks. 

RODENTIA. 

P AR.AMYS, Leidy. 

Gcol. Survey, Montana, 1871, p. 357. 

P .A.RAMYS LEPTODUS, Cope. 

On some Eocene Mammalia, &c., 1873, p. 3. (Published March 8.) 

Established on a right mandibular ramus with all the teeth preserved. 
It indicates an auimal of about the size of the P. deUcat'lts, J.Jeidy, and 
P. robustus, Marsh, but with smaller incisors, which have little more 
than half the diameter of the same tooth in those species. The molars 
lw,Ye two anterior separate, and three posterior contiguous, cones, the 
median smallest. The anterior and posterior of both sides separated by 
a deep excavation. The anterior tooth is peculiar in its greater com pres- , 
sion. The posterior tubercles are not separated, and the anterior inner 
situate behind the outer, and connected with the posterior inner by a 
concave ridge. 

39 G S 
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]leasurements. 

Length molar series ....................................................•.... 
Lt>ngth ~1. 4 ............................... _ ..........................•..... 
\Vidth M .. .........................................•...................... 
Length ~f. 1 . . . . . . . .................. _ ............................ __ . _ . ___ .. 

~~;~~te~l~~~; ·i;l~i~~;,-tl:<~~~~!~-~~ ~ ~: ~ ~ ~ ~ ~: ~ ~ ~~ :~ ~ ~ ~: ~: ~ ~ ~:: ~: ~: ~: ~ ~ ~:: :~ :~~~ 
Diameter lower incisor, anterior posterior . _ ................ _ ................ . 

From the SoutlJ. Bitter Creek, V'Vyoming. 

P ARA:MYS UNDANS, Marsh. 

Sciuravus undans, Marsh. Amer. Journ. Sci. Arts, 1871, (June 21.) 

M. 
O.OZ~l 

.OOfiO 

.OO:Jil 

.0060 

.00-18 

.00:!4 

.0028 

A smaller species tban the P. deUcatissimus, Leidy. The dental char
acters of tlw mandiuular series are generically identical with those of 
tlle species of Param,ys. 

From Upper Green RiYer. 

PARAMYS DELICATISSIMUS, Leidy. 
Black's Fork. 

P ARA1-1YS DELICATIOR, Leidy. 

Cottonwood Creek and Black's Fork. 

P ARAMYS DELIOATUS, Leidy. 
Black's Fork. 

PSEUDOTOMUS, Cope. 

Proceedings Amer. Philosophical Society, 18i2, p. 467, (Angust 3.) 

This genus is represented by the nearly complete craninm, with cast 
of the brain-case of the typical species. The cranium is of depressPd 
form and with considerably expanded zygomata. The muzzle is broad 
and but little elevated, so that the nasal meatus is between the alveolre 
of the superior inci~ors. 'The frontal bone is very silort, and tlle super
ciliary margin aud orl>its small, and without postfrontal process. The 
temporal foss:;e are large, and contract the brain-case behind tile orbits 
to a striking degree. Their anterior margins rise from t.he postfroutal 
angles and converge backward, meeting in a sagittal ridge opposite 
the anterior part of the squamosal bone. The parietal bones increase 
rapidly in width to tile squamosals, which also extend horizontally to 
their zygomatic portion. They do not extend very far on the superior 
aspect of the skull, nor backward beyond the auditory meatus. Tlle 
occipital region is concave and surrounded by a prominent crest. 

The foramen infraorbitale exterius has an interior position, being a. 
little ~~bove the alveolar border; it is rather small and round. Tbere 
is a prominent tul.>erosity on t.he under side of the basal part of the 
molar hone, just exterior to the position of the second molar of Arc
tmnys j its inferior face is truncate. The deutition is I. t; C. t; M. !· 
The incisors are rather small for tbe size of the skull, and much as iu 
.Arctomys. TlJ.e inner face is truncate, the outer continuous with tlle 
anterior by the lack of separating angle. Tbe thin enamel is extended 
part wa.v on the outer face. At a point twice as far in front of the pre
maxillo-maxillary suture as the latter is from the line of the zygoma, 
the incisors are widely separated from each otller, whence tlley are not 
probably in contact when they issue from tile premaxillary bones. The 
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mandibular cutters are less widely separated by a narrow prolongation 
of the symphysis. Tbe exposure of the tooth is lateral: its directiou 
nearly auterior. It pr~j('cts anteriorl_y very little beyond the symphysis, 
and bas a horizontal trituratiug surface below the level of the latter. 
There are alYeolrn for but three molar teeth, each with three roots. 
Tlw teeth themselves are not contained in them, but were apparently 
lost before tbe cranium was entombed in the Bocene mud. The posi
tion of the first molar is occupied by spongy bone in both maxillaries, 
and appears as though such teeth might baYe ('Xisted earlier in life and 
been shed. The pterygoid laminrn are prolonged, inclosing a trough. 
The foramen ovale is well deYeloped and simple, and bounded behind 
and before by a ridge. There are no additional foramina in this region. 
The space for the otic bulla is moderately large; the basicrauial axis is 
grooved at the junction of the basi-occipital and sphenoid bones. The 
zygomatic arch is deep and tilin. The glenoid cavity is wide but lon
gitudinal. The cast of the brain indicates smooth oval hemispheres 
whicb leave the cerebellum and olfactory lobes entirely exposed. The 
latter are ovoid and expanded laterally. This genus is allied. to, if not 
aetnally a member of, tile Sciuridre. The breadth and depression of its 
form reminds one of ATctomys, but the contraction behind the orbits is 
very clitl'erent, resembling rather the form of F-iber. The lateral separa
tion of the incisors, superior and inferior, is a marked peculiarity. 

PSEUDOTOMUS lliANS, Cope. 
Loc. cit. 

The enamel of the superior incisors is not grooved, but bas a delicate 
striate sculpture. The iuferior incisor does not project as far as the 
alveolar border of the jaw; its surface worn by the upper incisor is hor
izontal and anterior. The inferior diastema is a thin edge, and the 
ramus is deep there. The temporal surface of the parietal bones is 
rngosc. Tile cranium is depressed, and bas a trace of interparietal crest. 
The anterior margin of tue temporal fossa is marked by a curved angle 
on each side of the fronta.l bone. The supra-orbital arch is very short. 

Meas1.acments. 
M. 

Length cranium, (3.75 in.)---·.·----··----- ... --·----····-·-····----········- 0.095 
·width cr:minm, (withont z,vgomas) . ____ . _. ____ . ___ - .. ______ .- ..... --- _- .. _ ... 040 
Width crauium, (withzyg01nas) --·--· -----· __ ------ ··---· ---· ·----- -·-··· ---- .07:2 
Width of occiput. _____ --·--·------·----·-···---····-----·-·-···----- .... ---- .032 
\Vidth crauium near cud of nasals ...... ·----··-----------·----------·---·---- .027 
Width upper cutting tooth ...... ·--··---------··--·-----·--·--··----·---···-· .007 
Deptb upper cntting toot!J. _____ ------ ··---· ··---- _ .. ·----· ··---· ··-· ---· ..... OOH5 
Length exposed part lower tooth. __ . - .. _. __ .. -. _ . _. _.- _- _- - _---. _.- _ ... __ .. _-. .009 
Width expo_sed part lower tooth ...... ----·--··-. _____ . __ --· .............. ---· .006 

.From the Bad Lands of Cottonwood Creek. 

MARSUPI.ALI.A. 

TRIACODON, Marsh. 

Amer. Journ. Sci. Arts, 1871, July. 

This genus is placed here on the authority of nfarsh. 

TRIACODON .ACULENrus, Cope. 
Proceed. Amer. Philos. Soc., 1872, p. 4GO, (July 29.) 

Established on two teeth of the molar and premolar series. The mo
lar is subtriangular at the base of the crown, one side being convex; 
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the opposite angle nearly right and the two remaining sides flat. The 
crown is divi<led into three elevated trihe<lral cones, one at each angle. 
Their adjacent angles are acute, and the angle of union is fissured like 
the same point in the sectional tooth of carnivora. The smaller lobes 
are of equal elevation, but the crown of one is expanded so as to be 
slightly spade-shaped. The enamel is smooth. 

llf easurements. 
:M. 

Elevation of highest cusp .................... ___ ......... _ ..... __ ......... _ ... 0.009 
Elevation of shorter .... _ ............... __ ............................... _.. . .OOi 
Long diameter base of crown .............................................. _.. .006 
Long diameter base of flat side ...................... _ ....................... _ .005 

The premolar is smaller, with shorter cusps, and one of the laterals 
reduced to a rudiment. This species is near T.fallax of Marsh, but the 
tooth he describes is narrower in proportion to its length, and has the 
anterior lobe little mTer half as high. The measurements of this species 
are somewhat larger than those given by J.\<1arsh for his T. grand·is, 
(Arper. J ourn. Sci. Arts, August 13, 1872.) 

REPTILIA.. 
OROCODIL. 
CROCODILUS. 

CRoconrL us CL.A. vrs, Cope. 

Proceed. Amer: Philos. Soc., 11:372, p. 485, (Aug. 20.) 

This is a large species, with a muzzle of narrowed proportions, and 
sufficient depth to give it a broad oval section. The nasal bones appear 
to have reached the nasal orifice. The anterior superior teeth are Yery 
la-rge, especially tlle canine. The inferior tooth correspon<liug is largl', 
and occupies an emargiuation which approaches near to the nasal 
suture. The pitting of the muzzle is fine, and the swollen interspaces 
much the wider. The teeth have stout conic crowns, with well-d.evel
oped. cutting edges, and coarse striate sculpture. The mand.ible is 
acuminate to the narrow extremity, and has a long symphysis, which 
extends to oppo~ite the third tooth behind the uotch. The cervical 
vertebrre preserved have round cups; they have a simple elongate 
hypopophysis, with a pit behind it; shoulder very prominent. 

llleasurements. 
M. 

Length of ramus, with teeth ................................................. . 
Length of symphysis ........................................... _.. .. .. .. .. .. . 135 
Width oframus at end of symphysis.... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 085 
Width of ramus at end of mandible. .......................................... . 0~0 
Width of maxillary at third tooth above...................................... . 020 
Width of maxillary at notch above...... .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. . . 020 

This species has a more slender muzzle than those described by Marsh 
and Leid.y, and is of larger size. 

CROCODILUS ELLIOT1'II, Leidy. 

. Geological Survey Montana, 1871, p. 366. 

Abundant in the Bad Lands. 

CROCODILUS SULCIFERUS, Cope. 
Proceedings American Philosophical Society, 1872, p. 555, (October 12.) 

A medium-sized species with cranium deeply and. roughly pittl"'d. 
The chief character is at present visible in the teeth. The larger of 
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these are of subc,yliudric and short conic crown, which is superficially 
groO\'ed from basis to near apex; sulci coan:e, open. 

Upper Green River. 

CROCODILUS GRINNELLII, )farsh. 

American Journal Flci. Arts, 1871, June. 

Cranium from South Bitter Creek. 

CROCODIL US LIODON, Marsh. 
Lac. cit. 

From various loealities. 

DIPLOCYNODUS, Pomel. 

DIPLOCYNODUS SUBULA'l'US, Cope. 

Crocodilus (Ichtllyosuclws) 8ltbnlatu8, Cope. Proceedings American Philosophical So
ciety, 1b72, p. 554, (OctoiJer 12.) 

Some of tlJe eervical vertebrm without bypopophyses. Their cup:;; 
round, with smooth bordering surface of the sides of the centrum. 
The j..tws only are preserved from the cranium; the premaxillary is 
strongly pitted, but tile dentary bas remote shallow pits on the outer 
face and shallow grooves below. Dentition something like that of 
Diplocynochls ratellii from France. There are two very long canine-like 
teeth in the premaxil1ary bone near its posterior margin, directed some
what backwa1:d; these are precede<l after a space by a medium-sized 
tooth, 'IYhich after a similar space is preeeded by another large tooth. 
Anterior to this the alveoli are lost. Two Yery smooth compressed 
straight teeth in the front of the ramus maudibuli. These are followed 
abruptly by a distantly set series of subeqti.al teeth of not one-fourth 
the size, varying little to the back of the jaw; all the long teeth haYe 
subcompresRed crowns with oppmw(l cutting edges, and are smooth 
except at their bases. These :ue distantly sulcate, the separating 
ridges being acute. The smaller teeth are cones with cutting edges. 
Ther~ are fomteen alYeoli and. oue pit in the dentary bone from the pos
terior end to the beginning of tht.'. short sympllysis. 

llfewmrements. 

Length of alveolar series to b('g inuing of symphysis ........... _ ........ _. __ . 
Diameter alveolus of seventh tooth ...... -----------· ..... -----·---- .... ___ _ 
Elevation eightlttootll ......................... ------ ______ . __________ ... . 
Diameter at base .......... _ ................. _ .. _. __ ... _ . ______ . _ . ________ . 
Depth of dentary at bnsc ................................................. . 
Elevation of first lower canine __ ........................ __ . __ ..... _ ... ____ . 
Length crown of IWCOtHl upper canine ... __ .............................. __ . 
Diameter crown at IJase .......................... _ ........ _ ... _ ... __ ...... . 
Length tbircl cervical, (witlt ball) .................................... __ .. .. 
Diameter of cup, verticaL ....... ---- .... --·-·· .......................... .. 
Diameter of (mp, tnws\·erse .... _ ..................... _ ..... _ .......... _ ... . 
Length of a posterior dorsaL ................. ___ ... _ .. __ ...• __ .. ____ .. ___ .. 
Diameter of cup, transverse ........ _. _ ... _. __ ..................... _ ....... . 
Diameter of cup, verticaL ............... --------··-----· ...... ·----··---·· 

Found on the bluffs of Upper Green River. 

M. 
0. 130 
. 008 
. 017 
. 0065 
. 025 
. 018 
.017 
. 007 
. 0:37 
. 016 
. 018 
. 041 
. 026 
• O:l2 

'l'llis species agrees in some respects with the very brief description 
given by Marsh for his Crocod'ilu8 liodon. He does not mention the 
fluting of the lmse of tbe crown so remarkalJle in this species; and 
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states the vertebrre to be "strongly rugose" near the extremity, a 
character not seen in the present animal. 

The ])iplocynodus subulatus was about as large as the Mississippi 
alligator. 

DIPLOCYNODUS POLYODON, Cope. 

Species nova. 
Represented by portions of cranium and teeth, with probably some 

vertebrre found close to them. 'Ibis crocodile is siwilar iu size to tbe 
D. s~tbulatus, or our alligator. It differs much from the last in the ar
rangement of the teeth. There is one pre-eminently large canine oppo
site the symphysis, (in D. subulatus this tooth is opposite the posterior 
end of the same,) which is followed by nine very small teetll, whose 
round alveoli are only separated by very thin walls. Following the last 
of these immediately is another very large tooth, with nearly round 
alveolus, which is closely succeeded by other smaller teeth of larger 
size than those in front of it, and not differing in this respect amoug 
them8elves. Tbe crowns of the teeth are cylindric at base, and ha,-e 
a double ridge on the anterior outer aspect. The enamel is olJsoletely 
rugose, stri<:tte at the base. TiJe external surface of the dentary bone is 
deeply and coarsely pitted; at its anterior part the pits are close, deep, 
and small; on the interior face they are deep, short grooves. ~rbere is 
a series of close, small foramina along the inner side of the al veohe. 

lJI easu rements. 

Depth of symphysis ............ -----· ........ .. ............................ . 
Diameter ''anterior canine tooth" ...... ................................... . 
Distance of same ft'om mPdian "canine" ................................... . 
Depth dentary bonA at latter ................. .......... ··-- ............... . 
·width ramus at anterior canine .........................................•... 

M. 
0.014 

. 008 

. o:~o · 

. 027 

.025 

This species differs in many respects from the one last described. The 
teeth, anteriorly, are much more closel,y place<.l, and tbe anterior and 
middle canines :ue less separated, and more numerous small teeth occupy 
the interval. The splenial bone has a larger share in the symphysis, and 
the sculpture is much more profound. The teeth are not fluted. 

The type specirueu was found on the bluff"s of Upper Green River by 
the writer. 

ALLIGATOR, Ouv. 

The species described below belongs to this genus, so far as determin
alJle from charaeters of the cranium and dermal scuta. 

Tile axial portion of the basi-occipital bone is a transverse vertical 
plate with "\""ertical carina on tbe distal half. The fro11tal bone exllibits 
110 crests, and the crotaphite foramina are open. The quadratojngal 
arch is stout. The dermal scuta are not co-ossified, and with the cranium 
are deeply pitted. 

ALLIGATOR HETERODON, Uope. 

Proceedings American Philosophical Society, 1872, p. 544. 

The anterior and posterior teeth of this species differ exceedi.ug1y in 
shape; the former are flattened, sbarp-edgt>d, and sliglltly incmTed; 
tlltt edges not serrate. Those of the premaxillary bone are subequal in 
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ze, while one behind the middle of the maxillary is larger than the rest. 
'fhe posterior teeth lu:.tve short, very obtuse crown8, with eliiptic fore aud 
aft outline. Tlley resemble some forms seen in P,ycno<lont fishes, and 
are closely striate to a line on the apex. The upper surface of the cra
llintn is pitted, the frontal au<l parietal bones with large, deep, and 
dosely placed concavities. The former is perfectly plane, and the latter 
i:::; wide. Tlw squamosal arcll is also wide, and tlle crotophite fonuuiua 
are large and open. 

The dermal scuta are very large for the size of the animal, and were 
not united by suture. They are keelless and deeply pitted, with stnooth 
margins. 

'fhe vertebral centra found with other specimens are round. The 
co-ossified neural arches indicate the adult age of the animal. 

Measurements. 
M. 

Height crown prem-axillary tooth .. ____________ .............................. .004 
\Vidth crown prem;lxilbry at base...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0035 
Long diameter crown of a, maxillary ....•............ _ ............. ___ .. _.... .005 
Short diameter crown of a maxillary ....... _ ......... _.. .. .. . .. . .. .. . .. . . . . . . .0035 
Width parietal............................................................. .009 
Width frontal, posterior .................................... ·......... . . . . .. .. .020 
Width frontal, interorbital ........................ _....... .. .. .. .. .. . . .. .. .. .010 
Width malar below eye .................................. _. . .. .. .. .. . .. .. . . .008 

The variation in the form of the teeth is a slight exaggeration of that 
seen in the dentition of ntrions species of crocodilians. 

'11his species was about three feet in leugth, found by the writer in 
one of the lowest beds of the Green River Tertiary epoch, near Black 
Buttes, vVyowing. . 

The dermal scuta of tbi's species are very abundant in some of the 
beds of the Green RiYer epoch. Some of them exhibit a faint trace of 
keel. Vertebrm a:ssociate<l with them have subround articular ex
tremities. 

TESTUDIN ATA. 

AXESTUS, Cope. 

Proceed. Amer. P:Llilos. Society.1872, p. 462. (Published July 29.) 

This is a genus of Trionych;d::e, wbicl.t is represented by a species not 
fully known. The type specimen is represented by bones of the limbs 
and ,-arious vertebrm, witll the postabdominal bone of the left side. 

The general characters are those of Trionyx. The scapula is elongate, 
the procoracoid long- all(l narrow, and the coracoid of medium width. 
The humerus is Rigmoid, with widely spreading bicipital ridges and flat
tened «:>xtrt'mity with marginal groo~e. The femur is also curved, but 
lt'SS strongly tlwn tlte hnlllerns, and bas a median anterior low angular 
ridge. 'l'he claws are large, some curved and some entirely straight. 
Tlle cervical vertebrre are relatively large and elongate. The two sacrals 
are free from tlle carapace above, have broad articular surfaces for 
diapophyses, and flattened centra. The caudals are procmlian, and have 
short diapophyses. The postabdorniual bone has somewhat the form 
seen in existing Trionyx. It preseiJts two dentate processes forward 
for the hyosterual, aud two inward to its mate in front. It is pro
longed backward and inward into a flat pTocess. It is especially dis
tingnisbc:>d by its tenuity, and the entire absence of the -superficial 
sculpture of Trionyx. The usual dense layer 1s present, but is quite 
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thin, and exhibits the peculiar decussating pattern of lines of deposition 
characteristic of tbe same layer of the dermal scuta of Crocodiliaus . 
.Xo portions w~re obtained which can with certainty be referred to the 
carapace. The ilium is short, stout, and recurved, and the pubis is 
largely expanded. 

AXESTUS BYSSINUS, Cope. 

Loc. cit. 

The procoracoid and scapula are of equal lengths, and the coracoid is 
much dilated distally. 

The portions of the plastron preser-ved are thin for the size of the 
animal, and all the bones are dense and smooth. The postabdominal bas 
the free margins acute and senulate. There is an external gently con
-vex edge, with a long process extending backward, and one long, nar
row one inward. The enamel is white, and is marked with decussating 
lines of osseous deposit, as in woven linen. This is not the result of 
weaving. The cervical -vertebra is without spine; it is not pressed in 
the middle, and is without any pneumatic foramen. 

Measurements. 
M. 

Length cervical vertebra ... - .... -- ...• -.- ....... --- .... - ..... - .............. 0. 0<18 
Diameter at middle . - ... -.--. -..... -. -.- ............ -- .. -- .. -- ....... -. . . . . . . 0~0 
Diameter at end ... -- .......... - ... -. -- .... - ... -..... --. . . . . . . . . . . . . . . . . . . . . . o::;:; 
Diameter caudal end at lJa,ll..-- ..... - ..... - ........ -... . . . . . . . . . . . . . . .. . . . . . . . 010 
Length ......................................... ----·· ........................ Ol:.l 
Length of an ungual phalange ............... --. . .. . .. .. . .. . . . . . . . . . . . . .. .. . . . 043 
Proximal depth nngual phalange ............................... - ... --.-. . .. . . 01:3 
Length postabdominal, (lJroken).... .. .. . . . .. . . .. . . .. . .. .. .. . . .. .. .. .. .. . . .. .. . ItO 
\Vtdth postabdominal. ................ - ............. -· .. -- -· ... . .. . . . .. . ... . . .1~0 

Locality of t,he last. 

TRIONYX, Geo:ffr. 

TRIONYX HETEROGL YPTUS, Cope, sp. nov. 

Carapace broad, flat, concavely truncate behind. Free portion of 
costal bones short. The last pair of costal bones are in contact by a com
mon suture by about two-thirds their width, the anterior portion being 
separated by the last vertebral bone. There is a great difference be
tween the sculpture of the middle of the carapace and its lateral por
tions. The former region is coarsely ribbed longitudinally, the inter
vening grooves being mostly uninterrupted. On the middle portions 
of the costals the ridges are more or less broken up, and distally they 
are very delicate, forming an inosculating pattern. inclosing small pits. 
On the last costal they retain their ridge-like character. ~rhe posterior 
-vertebrals are marked by a single groove down their middle. 

Measurements. 
M. 

Vlidth of carapace at antepenultimate costal bone-.-. -.....•..•...... -. . . . . . . 0. 2:35 
Length from front of carapace backward .................... -... . . . . . . . . . . . . . . 095 
\Vidth of carapace, costal, distally .•.•....... --. -.... - .•... --.. . . -....... -... . 048 
Length of last twovertebrals .......... -- .......... ·-·-·· ·--· .... .... •... .... . 037 

Excavated from the Bridger bed, on the summit of Church Butte, by 
the writer. 
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TIUONYX CONCENTRICUS, Cope. 

Proceedings of the .American Philosophical Society, 1872, p. 469; published July 29. 

This species repoRes on various fragments, in one case representing 
numerous portions of a carapace. The sculpture is intermediate between 
those of T. heteroglJJptus and T. guttatus. The costals have suueqnal 
and subround pits throughout the entire length of the costal bones, out 
their interspaces are raised into longitudinal ribs at intervals of from 
one to three rows of pits. ~l'hese ribs are equally developed at botlt 
ends of the costals. 

JJfeas~trernents. 
M. 

\Vicltb of a costal bone ncar the middle. _____ --------·-----·----------------· 0. 0.:0 
Thickness of costal bone ncar the middle . _____ . ___ . ________ .. ____ ... __ .... _ _ _ . 003 

The type specimen is smaller than that of the last. 
]'rom Cottonwood Creek. 

TRIONY:X GUTT.A'l'US, Leidy. 

Geological Survey of Montana, 1871, p. 370. 

Not uncommon. 

TRIONYX SCUTU:i\f.ANTIQUUM, Cope, spec. nov. 

Established on a nearly perfect carapace and part of the plastrum 
from the Bad Lauds of Cottonwood Creek. These indicate the largest 
species of tlw genus yet found in North America. 

Tlle carapace is a longitudinal o\·al, broadly rounded in front. The 
median line forms a marked depression, and the costal bones rise anu 
descend again, forming an arch on each side. The free portion of the 
ribs is not very long. The sculpture conRists of numerous honeycomb
like pits separated by rather nanow ridges. On tLe middle parts of tlte 
carapace these are subeqnal, but ou the middle of the length alJ the 
ridgeH run together longitudiHall,Y, an<l on their distill parts these are 
broken up so as to produce innumerable irregular tubercles and pits. 
The bones of the intercostal sutures are smootll. Eigllt costal bones, 
the anterior co-osified with the second by its entire width, and sending 
out a broad costal extremity which curves backward; its anterior mar
gin is smooth. Eight vertebrals, tlle last separating the anterior por
tions of the last costals. 

JJleasurements. 

Length carapace .. - -- ...•••....... -.- .. -... --- .... -...••............... __ . 
Greatest width carapace, axi::.L ...... --· ---- ...... ---- .. ---· .. _ --·. __ ... _ .. 
Thickness of fifth costal._ ......... - .. --- ... --- ..................... ___ . _. _ 
Tllickness of fourth vertebra. __ .. _ . _ . _ .... _ .......... _ ... _ .... ____ . ______ .. 
Thickness ofceutrum offourth Yertel>ra ...• ---· ·----- ··---· .••• -----· ·----· 

PLASTOME~US, Cope. 

l\f. 

0.425 
. 410 
. 0015 
. O:lt 
• UlO 

Allied to Trionyx. No (~) marginal bones of the carapace except a 
nuchal; extremities of ribs little, or not projecting beyond costal bones. 
Plastron united with carapace by one or two tooth-like processes of the 
hyosternal and hyposternal bones. An anterior produetion of the h3·os-
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tcrnal inclosing a median fontanelle and uniting by broad suture with 
a clavicle, (episternal.) 

This genus is highly interesting as connecting more or less nearly the 
genus Trionyx with the Ohelydrine form Anostira. It is represented by 
seYeral species iu the Bridger Eocene, all of which have the sculpture of 
uoth of the gt'nera named. The plastron is ossified nearly as in A nos
tira, but in the numerous specimens obtained there was not one mar
ginal bone. Nevertheless the strong emarginat.ion of the proximal end 
of the second costals proves the presence of a nucLalmargiual, which 
doeR not exist in Trionyx; if there were other rnarginals tLey must have 
ueen small and inclosed in a cartilaginous margin. The first costals 
were much shorter than the second aud much as in Tr'iOnJ/X. A costal 
process of the tirst dorsal extended. backward and was attached by 
suture to the second costal boue just in front of its capitulum as in 
Trionyx, ChelJJdra, &c. A singular sternal bone accompauies the speci
mens of P. thomasii and P. trionychoides, but partially fractured in 
both cases so as to leave its position uncertain. lt can be nothing else 
tLan the medi<:tn portion of a hyosternal with the outer ('Xtremity 
wanting. It bounds a fontanelle interiorly, which nearly reaches the 
hyposternal; anteriorly it bas sutures for both mososternum alHl clavi
cle. It is entirely unlike anything in Trionyx; it is thickened. toward 
the median line, and strongly sculptured externally. Tile byosternal or 
hyposterual of the " bridge" iudieates that portion to have ueeu long. and 
about as wide as is usual in Triony.t. Its free edge is tbiu; the sutural 
uuiou with the other compoueut bone complete. 

The type of the genus is P. thmuasii, (Trionyx thomasii, Cope.) Other 
species have been referred by me to Anostira. The largest species 
(P. multifoveatus) was about as large as the snapper; the smallest (P. 
molopinu8) as large as Chrysemys pieta. 

PLASTOMENUS 'l'HOMAsn, Cope. 

Trionyx thomasii, Cope. Proceed. Arner. Phil. Soc. 1Fli2; 462. (Published July 29.) 

Represented by various parts of three indiYiduals, a sufficient num
ber·of identical pieces being present in all to insure their specitie unity. 

The uones of uoth carapace and plastron have a honeycomb pattern 
of reticulation, with shallow pits, wLich on weatberiug become punct&. 
The intervening ribs teud to connect juto ridges running diagonally 
across the costal bones. The pits tend to form linear f'eries parallel to. 
the borders on some of the bones of tbe plast.rou. TLe latter are flat 
at the transverse suture. Tlle last costal is very wide and in contact 
with its fellow on the median line, as in other species of the genus, 
except a sntnral emargination behind, apparently for a pygal bone. 
The outer border is straight, truncating the last riu extremity. 

JlleasuTemcnts. 

Thickness of a. costa!-. _____ . _________ -.-._-.-----.--- ___ ._._._-· . -- .. __ -. ___ .. 
Width last costal distally______ _. __ . _____ . _ _ _____ . ____ . __________ . ____ .. __ _ 
vVidth hyo~:~ternal _ .• -.- .. ___ -. - ___ -- - . _- _ - _-- - - .. --. __ - . _--- _. ___ - ___ - - . . _ .. 
Thickness byostcrnal _______ .. _____________ , ________ . ___ . ____ .. ____________ _ 

t;i~~~\1f a a v:~~!t~~~l~ _- ~ _- ~ _- ~ ~ ~ ~ _·: ~ ~: ~ ~ ~ _- ~ _- ~ _- ~ ~::: ~ ~: ~ ~ ~: ~ :: ~ .-. ~ ~:::: ~ ~ ~::: ~::: 

M. 

.004 

.0-18 

.018 

.00.) 

.018 

.014 

Two of the specimens from the Bad Lands of Cottonwood Creek, \Vy
oming. Named for Dr. Jos. Thoruas, of Philadelphia, my former tutor. 
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PLAS1'0MENUS TRIONYCIIOIDES, Cope . 

.4nnsti1·a trionychoides, Cope. Proceed. Amer. Pbilos. Society, lt:l7i!, p. 4Gl. (Published 
July 29.) 

The origiual specimen of the species was found m_iugled with one of 
Anmdinc orna,ta, and being· of about the same size the two were supposed 
to pertain to a single species. I 110w distiuguish the fragments clearly, 
and find portious of three other indi dduals from other localities to per
tain to the same. One of these presents the two sternal elements de
scribed in the preceding accouut of P. Tlwmasii. 

~rhe sculpture of the costal bones cousists of reticulated ridges whicll 
iuclose coarser pits than in the last species, and sllow no tendency to 
run into ribs extending obliquelj· across the bones. The second costal 
exhibits a .greatly leveled suture for the first, and its alar portion behind 
its costal rib is twiee as wide as the latter. The last costal differs from 
that of P. Thomasii in being augulate instead of trurwate at the rib ex
tremity, and the latter projeets strougly beyond the angle. In the second 
~peeimen the sternal bones are rnucll more couvex tllan in P. Thomasii 
and more thickened inwardly. Those of the specimeus from the Bad 
Lauds of Cottouwood. Ureek. 

PLAS'l'OMENUS MULTIFOVEA'l'US, Cope, spec. nov. 

Represented by the costal bone of a specime11 of much larger size tllan 
the }Hece<lingaud following species. Its sculptureisaslJallm-v but slJarply 
impressed honeycomb pittiug, smaller than in the preceding species. 
'rbus there are seventeen or eighteen pits across the middle to seven or 
eight in P. tTionychoides. No ribs whatever. 

111 easurements. 
M. 

Width costal at middle. ___ -· .... - ... ----·---- ... ----.--_--. __ .-·-· .. ____ . __ .. 0240 
Wid t b costal at encl .. ___ ... _ .... -.-- .. -- . - ... _ . . ... -- .. __ . _ .......... _ ..... _ . 0:3:0 
Thickness at middle .. --- .... -- .. ---- .. -- . -- .. --- .. ---- ... - - ............ ____ . . 0035 

PLAS'l'OMENUS CEDE]}nus, Cope . 

.Anostira redemia, Cope. Proceed. Amer. Pbilos. Soc., 1872, p. 461, (July 29.) 

Represented by most of the important parts of three specimens. TIJese 
all display the last and middle costals, and two of them tlJe second cos
ta Is. Sternal bones are wanting, except, perhaps, in one. 

From tllese it appears that tlJe a11terior costals haye a distantly punc
tate sculpture, with rib-like swellings runniug diagonally across them. 
On tlJe middle costals the punct::e di::mppear aud tlJe ribs grow thicker; 
ou the last costals the ribs are broken into a number of smooth tuber
cular swelliugs \YlJOse axes are uearly at right angles to that of the 
carapace. The second costal bas its posterior alar portion twice as 
wide as the rib portion; its suture witlJ the first costal is very oblique 
arHl 'bounded behind by a rabbet edge. Tlle last costals are peculiar in 
their union throughout tlleir entire length without emargiuation for 
pygal, and in t.lw gently con\ex posterior outline, with projecting rib 
end, differing in tlwse respects markedly from P. Thonzasii and P. tri
onychohles. 

Measurements. 
M. 

No.1. Length last costal, common suture .. __ -· __ ... ·-· ... _ .... ___ ... __ --· ___ . 0. 045 
Length last costal, anterior ..... -. _- ........ -- ... -.- ....... _ .. _ .... __ . . 063 
Length last costal, exterior bpr<ler. ... _ ... _ ... -. __ ................... __ . . 002 
Width middle costal .... ·- __ -··--.·-._- ....... - -· .............. -· ---. . 020 
Thickness middle costaL._ .. ____ ..••• - •. _. __ .. ____ .. _ .. _ ... __ .. _ . ___ •. . 004 
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M. 
No.2. Width :first costal, proximally . . . . . . . . . . . . . . . . . • . . . • •. . . . . . . . . . . . . . . . . . . 0:!6 

Widtll first costal behind rib, distally ....... _ ......... _.. . . . . . . . . . . . . . . 011 
No. 3. Width middle costal . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0~1 

Two of the specimens from Cotton wood Creek. 

PLASTO:i\fENUs l\fOLOPINus, Cope. 
Proceed. Amer. Philos. Soc., 1872, p. 461, (July 29,) Anostira. 

First costal bone with wide rih, the aliform border behind it not more 
than half its whlth. Suture for first costal distal, obliquely truncating 
end of rib, vertical aud not oblique. External surface of the same 
coarsely pitted, and with obscure oblique ribs. Median costals witlt 
approximated thick cross-ribs, with obsolete punctations between. 

This species is uear tiJe P. oedemius, but differs considerably in the 
form of the first costal bone. The type is smaller than tlwse of the 
latter. 

]feas'ltrements. 
:1L 

\Vidth first costal at extremity...... .. . . . . .. .. . .. . .. . . . . . . . . . . . . . .. . . .. . . • . . . . 01<!0 
Widtll first costn.l, .75 iuc!J from eucl.... . . . • . . .. . .. . . . . . . . . . . . .. . . . . .. .. .. .. .. . 0210 
Width of a mid<lle costal . .. . .. .. . . .. .. .. .. . . .. .. . . . . .. .. .. .. .. .. .. .. .. .. .. .. . 01~0 
'l'llickness of l1 mi<lcUe costal . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0055 

From the Bridger group, Wyoming. 

ANOSTIHA, Leidy. 
Proceedings Academy Nat. Sci., 1871, p. 10;(. 

In this genus the e'pidermis was thin and adhenmt to the bones, and 
not divided into scuta. The carapace is composed as in Emyrlirlm of 
costal vertebral and margiual bou es, the last u11ited to the :fir::;;t by suture 
and gomphosis. 1'he series of vertebrals does not contiuue to tiJe cau
dal, except by the intervention of a pygal. The sternum is' cruciform, 
witll narrow, longitudinal prolongations, or lobes, and narrow bridget-~. 
It appears not to have possessed auy fontanelles, but the prt>seuce of 
mesosternum is not yet fully made out. The <'ranium and limbs are 
unknown. 'l'his genus must be regarded as au iuteresting iuterme<liate 
t,ype, connecting Plastornenu8 and Oltelydra, or Dennatemys. In skiu 
aud sculpture it is illeutical with the first; in carapace anti plastrou, 
most like Ohelydra. 

Two species, a large and a small, are ~nowu. 

ANOSTIRA RADULINA, Uope. 

Proceed. Amer. Pllilos. Society, 1872, p. 555, (published October 12.) 

Based on two marginal bones: one from the front, tbe other from the 
rear, of the carapace of an auimal of twice the bulk of the largest Anos
t-irre yet found. Apart from size, the sculpture is peculiar. It consiRts 
in the anterior of closely packed Yermicular ridges which run out flat 
on the posterior and upper edge. In the posterior it consists of only 
closely placed minute tubercles over the whole surface. 

JJ1easurcments. 

~.Ji~~~hf~~~~to~nf~~:ee~~~e-~~~:~:~:~~~~~~~:~:~ :: ~~:: :::::::::::::::::: :~ :::::: 
Length posterior on free edge.. . . . . . . . . . . . . . . . . ............................ . 
Width posterior on free edge ............................................... .. 

Bad Lands of Ham's Fork, W yomiug. 

M. 

0.025 
. O~t! 
.0~.) 
. 02G 
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.ANOSTIR.A ORNATA, Leidy. 
Loc. cit. 

From Bad Lands of Upper Green River and Cottonwood Creek. 

BAEN A, Leidy. 

Geological Survey, Wyoming, 1870, p. 367; Survey, Montana, 1871, p. 368. Ch,isternum, 
Leidy. Proceed. Acauemy Nat. Sciences, 1872, p. 102. 

Family Baenirlm agreeing with the Adocidce* in the presence of inter
gular scuta, and the al>sence of coossification of the ischium and pubis 
with the plastron, l>ut differing in the presence of an intersternal bone 
on each side, as in the Pleurodira. As generic characters, it possesses 
two marginal intergular plates, which resemble the gulars of Emydidm; 
it bas a series of intermargiual scuta, and the free lobes of the sternum 
are narrowed and shortened ; the bridge is very wide. The dermal 
scuta are everywhere distinct. The mesosterna! bone is in form between 
T-shaped and 'sagittate. The last pair of marginals, instead of being in 
eoutact, are separated by a wide emargination. 

The affinities of this genus are complex and interesting. It would 
be a pleurodire, but for tile fact that the pelvis is uot coo;::;:sitied with the 
plastron; nevertheless tllere are ruuimeuts of this unioo. iu the form of 
a shallow pit on each. The posterior or "? ischiadic i;::; near tue posterior 
end, and on the lateral margin of the postabdominal boue; it is of a 
llarrow oval form. The anterior is shallow, and sublaterally impressed 
into tbe side of the upright septum, which supports the carapace. 

· Whetller it received the pubis or not is uncertain. 
The double intergular scuta is not found in any existing genus of 

Ple~trodira. 
The posterior margin of tbe carapace is excavated, as in Chelydra, 

but the margin is more arched in this position in Chisternum. The 
form suggests the presence of a large tail, and the serrate margin of 
the carapace posteriorly reminds one again of Chelydra. There are in 
B. arenosa fourteen marginal scuta, without tbe nuchal; in Ohelydr.a 
st1j_Jentina, as in Emydidce, but thirteen. 
~here are prominent axillary atul inguinal septa, as in some Emydidm. 

They are corupm;ed of the produced edges of two coossified costal 
bones. 

The affinities appear to be to Adoc'lts on tbe one side, and Hydraspid,idm 
on the other, perllaps as descendant of the former and ancestor of the 
latter. It also possessrs traces of other relationsllips of Adocus, i. e., to 
Dermate:;nys, and more remotely to Chelydra. 

BAENA HEllRAICA, Cope. 

Baena hebraica. Proceed. Amer. Philos. Society, 1872, p. 463, (published July 29.) 

General form depressed and discoid, as wide as long. Bridge wider 
than long, but the length equal to tbe width of the bases of the sternal 
lobes. Anterior lobe longer than wide at the base, and narrowed at the 
extremity. The inguinal and axillary septa are very prominent. The 
edge of the carapace fi.'om the front to the inguinal region is without 
emargination. All the osseous elements are coossified. 

The scuta are well distinguished. The unchal is very small and wider 
than long; the first marginal is shorter but more prominent. The second 
and third are larger but narrow; the fou·rth and fifth are wider, but the 

*Proceed. Amer. Philos. Soc., 1870, p. 547. 
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sixth widens by an inwarcl projection of its border so as to meet the in
tercostal suture between the second and third costal scuta. Ii'rorn this 
one to the ninth (as far as preserved) the inner margins are produced so 
far as to make the scuta nearly twice as wide as long, when viewed 
from above. Tlle first costal is small, its posterior border is curved. 
The :first vertebral is pyriform, truncate in front. It is (perhaps abnor
mally) divided by a transverse suture into a quadrate anterior aud 
cordate tntnsverse posterior portion. Tlle other vertebrals are somewhat 
longer than broad and are separated by sutures convex anteriorly. 

The intermarginal scuta are all wider thau long; their number is nor
mall~ four, but a n<trrow one is intercalated behind the inguinal on one 
side. Tile longitudinal suture of the acntes of the plastron is exceed
ingly tortuous, winding between points more than an inch apart. The 
gnlars and intergulars are transverse and bounded by transverse sutures. 
They cross the median suture (which is straight on the anterior lolJe) 
some distance apart. The humerals are long and the humeropectoral 
scutal suture is convex backward, its extremities reaclling the margin 
in front of the axillre. The anterior extremity of tile anterior sternal 
lobe has a quadrilobate outline. 

The surface is smooth except a1ong the Jines of intercostal sutures, 
wllere short grooves parallel to the general axis alternate with protu
berances having the same direction, the whole having somewhat tbe ap
pearance of sculptured characters. 

Jlfeasurernents. 
M. 

Length carapace (axia1) (19 inches)_. ___ .. ___ .. _ .... ____ . __ .••...•....... __ ... 0. GOO 
'Vidth carapace (axial) (19 inches). __ ..... __ ... __ .... ___ ... _ ..... __ ..... _.... . 500 
Length of plastron from groin . _ .. _. _ .... _ ...... _ ....................... _.... . il\.13 
WidtL of base anteriorloue ........ ____ ·--· ...................... ·--· .... ____ .lGG 
Width extremity :wtcriorlobe (at gnlars) ..... __ ....... __ ....... _. _ .. ___ . _.... . 0~0 
Length of anterior lobe (a.t gnlars) ......... _ ......... _ ............ _ ... _ ... _.. . 1:.!:{ 
Width of uucbalscntc ..... ---· .... ·--- ...................... _________ --· .... . Oil 
Length unchal scutc ........................... ____ ..... __ . .... ... . .... .... . . . 0:.!4 
Length tiJird marginal. __ ... __ . _ ... __ . _ .. _ ...... _ .. _ ...... __ ..... _ ........ __ . . 008 
Width tLird marginal.._ ... _ .................. _ ....................... _ ... __ . . OlG 
Witlth eighth marginal. ..................... ---· .. --· ..... _ ·-- .. __ . -· ... _.. . ODO 
Length eighth rnargin.al ......................... _ ... _ ........ _ ........... _.. . OG3 

This Rpecies, when compared with its nearest ally, 0. undatum, differs 
in the greatly wider marginal scuta; in the latter the corresponding ones 
(6-7-8-9) are much longer than wide, as in most other tortoises. The 
intermarginal scuta are of more elongate formR, and the normal nu111 ber 
is :five in B. undata, instead of four: The sculpture in the longer-known 
species is entirely distinct, consisting of pits and tubercles scattert-'d 
generally over the surface, while tiJe peculiar sculpture of the suture 
lines is wanting. 0. heb1·aicum is relatively wider. 

Bad Lands of Cottonwood Creek. 

B.AEN.A. UND.A.T.A., Leidy. 

Geological Survey, Montana, 1871, p. 369. 

A partially complete specimen of this species presents the following 
characters. The anterior lobe of the plastron is as wide as that of B. 
hebraica, but little more than half as long. The posterior lobe is trun
cate at the extremity. The nuchal scute projects beyond the first mar
ginal; the reverse is the case in the type of B. hebraica. The posterior 
sutures of the intergular and gular scuta l1ave a common center, and 
that of the gular has a rectangular curvature, the nearly transverse 
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middle portion slightly con\ex forward. The suture separating the 
femoral and anal scuta is similar, but rever~ed in direction, presenting 
two ol>tuse right angles, two portions being transverse and one longi
tudinal on each side. 

FrQm Bl<tek's Fork and other localities. 

BAENA ARENOSA, Leidy. 

Loc. cit. Baena a.fflnis, Leidy, ibid. 

A perfect specimen of smaller size tllan those of the preceding species, 
and oue abont equal to the Ptychemys rugosct, is not dissimilar in form. 

The carapace is strongly convex, and all its component parts, as well 
as those of the plastron, are co-ossified. The sutures of the intersternal 
bones are visible. Tlte posterior end of the carapace is arched upward, 
nnd smootllly excavated; the postero-lateral bor<lers are thin, and 
deeply uotche<l as tlle ends of the scutal sutures. Similar but shal
lower emarginations mark the borders of the marginal scuta. The 
anterior margin is slightly concave. The lobes of the plastron are 
narrow, the posterior wider and slig-htly emarginate. 1'he Uridge h:; 
wide, and not more than half as long as the width of the base of the 
posterior lobe. 

The general surface is minutely rugose or sbagreened, on the plnstron 
strongly ~So, and without other sculpture. The carapace i~ marked by 
strong grooves disposed in a regular manner. A double groove extends 
along the median line of the second, third, and fourth vertebral scuta. 
Other grooves are nearly parallel to this oue, whose extremities di
verge to the angles of the vertebral scuta. At the anterior angles of 
the costal scu1 a oblique grooves converge toward the vertebra Is, and 
are continued backward as parallel to the median line. They are sepa
rated by parallel tuberosities. On the first and last vertebral scuta 
there are transverse grooves next the adjacent vertebrals, and longi
tudinal ones toward the margins of the carapace. 

The scuta are well marked. The marginals are a1l longer than wide, 
except the four preceding the last, which are all wider than long. The 
lm;t is suboval, and is very small, while the anal is altogether wauting. 
The nuchal is divided, (it is single in B. hebraica;) tbe first marginal is 
very small and projectiiJg; the third is longer, while the fourth, fifth, 
and sixth are rather short. The vertebral scuta are all longer than 
wide, and the fourth is deeply erna.rginate to receive the last scute. 
The first is a broad triangle with anterior angle truncate, and the two 
basal ones cut off to a less degree. 

Tlw scutal sutures of the plastron are but little sinuous. The intergu-
1ars have precisely the form of gulars of Emydes. The posterior gular 
~utm·e crosse8 the median line a short distance posterior to those of 
the intergnlar8, and each half consists of an obtuse V directed backward. 
T'he posterior humeral suture originates in front of the axilla. There 
are four intermarginal scuta on the one side and three on the other, 
the additional one being a small one behind the left axillary. The 
fern oro-anal suture is nearly straight. -

~Measurements. 
M. 

Length of carapace, (axial) ......... ______ . _ . _ . ___ .. _ ... _ ......... ___ . . . . . . . . . 0. 450 
Widt.b of c:uapace, (axial) ........... ____ ............ _ .. __ .. __ .. ____ .. _____ ... . 240 
Length of plustrou ................... ____ .. . . . . . .. ... _________ .. ___________ . . 290 
Length of anterior lobe ................ _._. _________ ... __ . ___ . _____ .. ________ . 082 
Leogt h of posterior _ .. ___ .. . .... _. _ .... _. _ .. ___ . _. ___ . __ . _ . _______ . ______ . _ . 08:> 
Width of extremity anterior lobe .............. __ .....•....•. __ ... ___ . _...... . 038 
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M. 

'Vidth of extremity posterior lobe.... . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 0:-)7 
Length of nuchal scuta.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0:30 
Length of third marginaL... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 0:23 
Widtll of third marginal ..................................................... 020 
Widtll of fourth marginal ................. _.... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 024 
Length of fourth marginaL... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 028 
Length of eighth marginal .... _............... .. .. . . .. .. . . .. . . . . . . . ... .. . .. . . O:JO 
Width of eighth marginal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . 035 

This species differs in many details from the preceding species, nota
bly in tlw form of the rnarginals. The anterior are wider than in either 
species, while the median are narrow as in C. undaturn. The sculpture 
i~ very distinct from t-hat of either. 

From the Bad Lands of Ham's Fork, Wyoming. 

BAENA PONDEROg.A., Cope, sp. nov. 

Established on numerous fragments of a specimen of a species which 
I cannot refer to tLis genus with certainty, but which agrees witll 
the species already known in some particulars of structure. Thus the 
last marginal plates were sep-arated by an excavation of the posterior 
border; at least this is the only position to which I can refer a portion 
of the margin of the carapace where the marginal scutes suddenly cease; 
the lateral ribs of the bridge are received into a deep p1t between two 
costals. 

The marginal and other bones are very massive, much more so than 
in any other known water-tortoise of this formation. The margins of 
the former are thickened~ especia1ly at the last marginal scute, which 
is on a massive protuberance. The sutures are entirely regular. The 
lateral marginal scuta are about as loug as broad. The surface of the 
shell is marked with irregu]ar impressions, which are sometimes like 
rain-drop pits. A posterior verteb1-al bone possesses a median rib simi-
lar to that in Dermatemys vyorningens'is. · 

Measurements. 
M. 

Length of an anterior marginal scute...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045 
. Width of an a,nterior marginal scute....... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . 0:39 

Thiekness of bone at anterior marginal scute....... . . . . . . . . . . . .. . . . . . . . . . . . . . . . 02:3 · 
Length of a free marginal bone ...........••............ -.-. . . . . . . . . . . . . . . . . . . . 050 
Width of a free marginal bone...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 057 
Length of first margioal of bridge............................................ . 060 
Thickness at simple end ....................... ~ .. . . . . . . . . . . . . . . . . . . . • . . . . . . . . 023 

From the Bati Lands of Ham's Fork, vVyoming. 

DIDHM.A.TEJ\1YS, Gray. 

Baptemys, Leidy, loa. cit. 
This genus is similar to Emys in the structure of the carapace and 

plastron, except that the lobes of the latter are narrower and shorter. 
The scuta are similar, excepting that there is a series of intermarginals 
on the bridge on each side. There are thirteen marginals on each side, 
those of the last pair in contact throughout. In a specimen of the only 
species known, I find a trace of an intergular scute as is sometimes seen 
in D. berardii, now living in Mexico. 

DERMATEMYS WYOMINGENSIS, Leidy. 
Loa. cit. 

From various localities. 
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Bi\IYS, Brong. 

Section Palreotheca, Cope. 
Proceed. Amer. Philos. Society, 1872, p. 463; Notomorpha, 1. c., 1872, p. 474. 

r.rhis genus is composed of Emydidce in which the marginal and costal 
b0neR are uuited by suture with the weak gomphosis of many of the 
recent forms of the family. The plastron is united by sutural attach
ment of the prolonged borders of the bridge to one or two adjacent 
costal bones, in an elongate pit of greater or less elevation. This eleva
tion may be so produced ns to con~titute axillary and inguinal septa as 
iu the recent genus Batagur. In many of the species the anterior or 
axillary suture is on a single costal, the posterior on the produced mar
gins of two. Several of the species ar~ of small size and with strongly 
convex carapace. Some of these might be suspected to be young of 
others already known, but for the fact that their component pieces are 
generally more massive and their sculpture more pronounced. They 
resem b1e in several superficial respects our Cistudines. 

I formerly (Extinct Batrachiaan<l ReptiliaN. A., &c.) described a genus 
Agmnphus of tile Cretaceous period as having the cllaracter of articula
tion of the marginal bones witllout gomphosis; in this some Eocene 
forms agree with it. A<lditiona1 specimens of A. petrosus, Cope, the type, 
show that it possPsses a series of intermarginal scuta as in Adocus and 
Dermatemys. 

Some of the species (E. test~tdinea, &c.) I originally placed in a sepa
rate genus, Notomorpha, on the snppositiou that they were pleurodire. 
The costal articulations of the bridge are identical in form with those 
of the pnlJis in many pleurodire genera, ( Taph1·osphys, e. g.,) and are so ob· 
lique as to be similar to these in position also h1 relation to the lateral 
~utnres w!Jen the flat costal is not complete. The species appear to be
long to the present genus. 

1\Iost of the smaller species were found in strata of the Green Ri-ver 
epoch, near Black Butte and Evan::<.ton; the larger species occur in the 
Bridger beds proper. The following is a synopsis of the species: 
I. 'fhe bridge sutures not or moderately eleYated on a single costal at 

one extremit~T of the carapace only. 
a. Dorsal line with a projecting keel. 

E. potycyphus; E. terrestris; E. megaulax; E. pach.lJlonms. 
aa. Dorsal line not keeled. 

/3. l\Iesosternal not reached by gular scuta. 
. E. test'ltdincus; E. euthnetus. 

(3/3. M('Sosternal entire, beal'ing part of gular scuta. 
E. gratis; E. u:yomingensis; E. latila.biatus. 

II. The bridge suturps on prominent septa, which are composed of ad
jaeeut parts of adjaceut costal bones. 

E. septar-ius. 

El\'IYS SEPTARIUS, Cope. 

Established on a nearly complete specimen of the size of Ptycllemys 
1'1l[!Osa. The carapace is rather thin and the sutures not obliterated. 
T!Je vPrtebne are sessile on the vertebral bones. The form is quite 
c:.:onyex. The plastron is flat and rather stout. The mesosternum is 
rhom lJic, the longer angle anterior on the outer side, but posterior on 
the iuner side. Its anterior angle is em braced by the gular scuta. 
':rue anterior lobe of the plw~tron i8 contracted near the axillm, and flared 
·.vitll a thiu edge iu frout of it; then contracted to the rather narrow lip 

40 G S 



62G GEOLOGICAL SURVEY OF THE TERRITORIES. 

of the middle front. The posterior lobe is somewhat flared and has a 
wide beveled margin, and is deeply notched behind, the notch being 
close and the lobes projecting. 

The surface is delicately sculptured with obsolete ridged Jines across 
the axis of the costal bones. The vertebral region is somewhat swollen 
between the cross-sutures, which present an obtuse augle in ~be same 
direction, both before and behind. The Rcuta are longer than wide, and 
have bracket-shaped outlines. The surface has the obsolete riuges, 
which diverge in every direction from the median inlooking angle of 
one end, but are mostly longitudinal. 

In old specimens this delicate sculpture might become obsolete. 

JJfeasurements. 
M. 

L C' ngth of plastron ........•...... ·--•......................... - ... -.... . . . . . . 0. 32f> 
Width of, at groin.·-----·----·...................................... ......... .150 
Width lip . __ . _ .... _ ............ _ .. _ ........... - .......... _ ...... -.. . . . . . . . . . 054 
Length lip ... -- ....• - ........•... -•... --......... . . . . . . . . . . . . . . . . . . . . . . . . . . . 0:~0 
Wi<lth clavicular bone behind._ ....... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 041 
Width mesosterual externally ...... ---'--·.... ... ... . ... . ......... ... .... ... . . 058 
Leugth mesosterna! externally ___ . .. . . . . .. . . . . . . ... . . . . . .. .. . ... . . . .. . . . . ... . 045 
Thickness hyosternal behind................................................. . 015 
L ength of vertebral scutum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 072 
Wi<lth of vertebral scutum ------ .................... , .. ....... .. . .. .... ... . . 068 
Width of a costal bone ... ~ .. _ •... _ .. _ .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 029 
Thickness of a costal l:>one .. _ ........... _ ................................. _.. . 006 

Found in the Bad Lands of South Bitter Creek by the writer. 

E~!YS LA'l'ILABIATus, Cope. 

Proceedings Amer. Philos. Soc., 1812, p. 471. 
Represented by a perfect specimen of a tortoise of a broadly oval 

form, and somewbat terrestrial habit. Its prominent characters are to 
be seen in the plastron, of which the posterior lobe is deeply uifurcate. 
TIJe anterior lobe is peculiar in the unusual width of the lip-like pro
jection of the clavicular ("episternal") uone, which is twice as wide as 
111 E. vyomingensis, and not prominent. Bones all smooth; margins of 
lobes of plastron tbickeued. 

There are three scars, perhaps of muscular insertions near the poste
rior margin of the pla~tron, one oyal one opposite to each lobe, and one 
ronnd one opposite to the notch. 

As compared with E. septarius this species has no such septa nor 
sculpture; the emargiuation of the plastron is more open, and the lip 
much shorter and wider. 

Jlfeas~wements. 

t~i~11f~ offc~~~~~~~~:: : ·_ : : : ~ ~ ~ : ~: : : ·. : : : : : : : :: ~: ~ : : : ~ : :: :.- ~ ~ :: : ~ ~ : : : : ~ :: ~ ~ ~: :: 
Width of lip of plastron .......... ------ ................ ·----·---· ......... . 
Depth of posterior notch._ ........................................... -..... . 

From ncar Black'8 Fork of Green Ri-ver. 

El\IYS WYOl\HNGENSIS, Leidy. 

Geological Survey Montana, 18il, p. 367. 
Abundant in the Bridger formation. 

E}1YS GRAVIS, Cope. 

M. 

0.255 
. 2;)0 
. 06 
• 02 

Notornorpha gmvis and N. garrnanii, Cope, Proceed. Amer. Philos. Soc., 1872, p. 476, 477. 

The preceding names were used to designate what were snpposed to 
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represent different species, which were stated to differ in the form of 
the episternal bone. This difference appears with further observation 
to be less important than was suppo~ed. 

'rtlis species is known by portions of several specimens. The type is 
l;1rger tluin any of the last described, and equaled some of the Chloni
idw of the ocean in dimensions. The right hyosternal bone in<licatfls 
both resemblance and difference from theN. test1U1inect. The former is 
seen in the internal thickening parallel to the margin, bounded behind 
by a deep groove extending to the axilla. A peculiarity, in which it 
tlifters from the N. testudinea, is seen in the posterior position of the 
humero-pectoral dermal suture, which originates at the axilla. The 
epihyosternal suture is concave. The thickened portion of tile epister
nal margin is shorter and wider than in the ~1wcies just uarne<l, tlw 
width being to the length as 2.5 to 2; in N. testndinea, as 1.5 to 2. 

Measurernents. 
M. 

Thickness of hyosternal anterjorly .. ---·. -- -- .......... -- ........... -- .... --. . 011 
\Vidth of costal, (f) second specimen.......................................... . 0Gt:3 

Surfaces not sculptured. 
From Green River strata, near E\Tanston, W .rorniug. 

EJ.YIYS 1'ESTUDINEus, Cope. 

Notomorpha testudinea, Cope, Zoe. cit., p. 475. 

Represented by portions of four or more individuals. In one of these 
the anterior lobe of the plastron is in part preserved. The mesosternum 
is a transverse oval, tlw posterjor margin regularly convex, the anterior 
with three eqnal borders. The median of these is concave. The sutures 
are radiating, and the groove separating" the humeral scuta appears to 
traverse tho entire leugth of the bone. The outer surface is gently con
vex. The free margin of the episternal and hyposternal bones is acute, 
and with an internal thickening, as in Oistudo, Testudo, &c., forming a 
ridge, with abrupt inner face. This face extends backward as a groove 
to the axillary process of the hyosternal, forming a characteristic mark. 
Although the extremity of the episternal bone is lost, and the meso
sternal exhibits no trace of the intergular scute, the outer sutures of the 
gular scuta are so far posterior as to reuder it highly prol>able that the 
iutergular plate existed. At the point where this snture reaches the 
margin the latter is openly emarginate. The posterior suture of tile 
hnmeral scute crosses tlw margin half way between the axilla and the 
episternal suture, and is not marked by a notch. The last-named l:)uture 
i:--: transverse. On the xiphisternal bones the groo~e of the anterior 
sntnre of the anals is plainly visible. It is regularly convex forward, 
and in one specimen is double. 

In a second specimen of al,ont the same size parts of two costal bones 
are preserved. They are tl1ick, and display the usual costal and n-'rte
bral scute-sutures, the latter one in a groove, for the middle of tue 
vPrtebrals is elevated, aud the costals project shoulder-like just out~:iide 
the groove. 

In a third specimen, a little larger, xiphisternals with se\eral margi
nals are preserved. A free posterior marginal is regularly recun·ed, 
allll the scute-sntures are deeply impressed. 'rhe tnarginal seuta have 
evidently been marked with concentric groo\es wituiu tlleir margins. 
Tile first margiual boue of the bridge has a very obtnst-' ellge. 

Iu none of the specimens are the surfaces sculptured. 
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~Measurements. 

No.1. 

Width plastron at axilla 0 ••••• 0 •••••••• 0 ••••• 0 ••••••••••••••••••••••••••••• 

Length plastron from axilla, (approximate) 0 •• 0 • 0 0 0 • 0 • 0 0 0 0 ••••••••••••• 0 •••• 

Thickness hyosternal at mesostcrnaL .............................. 0 ...... . 

Thickness hyosternal at hyposternal ............... 0 ..................... .. 

Width mesosterna! .............................................. -......... . 

~~~!~~e:e~£s!e~~:£eb·r~i~·- ~ ~:::: :::~ ~:: ~ :~-.::::: ·0:: ~ ::.0::: ~ :::::::::::: :::: 
Thickness of xiphisternal, (normal) ................... 0 .............. _ ... .. 

Thickness ofxiphisternal at pubis ............................ -.----- ....... . 

No.2. 

M. 
O.OtlG 

. 05 
• 009 
. 0065 
. 037 
. 026 
. OOG 
.004' 
. 007 

Thickness costal at hump ........... 0 .................................. _... • 0075 
Width of costal .......................... 0..... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0175 

No.3. 

Width of posterior marginal.............. . .. .. .. .. . . . • .• . .. . . .. . .. .. .. .. .. . 027 
Length of posterior marginal 0 ••••••••••••••••••••••••••••••••••• _ ••••• _. • • • 019 

The mesosterna], though found with No. 1, does not fit it exactly and 
does not belong to it. 

From Green HiYer formation near Evanston, Wyoming. 

EMYS EUTHNETUS, Cope, sp. nov. 

Represented by numerous portions of several specimens. These per
tained to a species of about the size of the salt-water terrapin, JJlala
coclemmys pa,lustris. There is no dorsal keel, and the scutal sutures, 
though distinct, are not very much impressed, nor tlle interspaees swol
len. The lip of the plastron is narrow, thick, and not notched; the 
sutures of the gular scales do not extend on to the mesosternum. ~rhe 
margins of the lobes of tlle plastron are a little thickened and the su
tul'es of the bones coarse, and at the h;ypoxiphisternal junction, &c., 
with gomphosis. (It h; tine and close at this point in E. testudineu.s.) 

The costal sutures for tlle bridge are projecting and curved in one 
position; in the other straighter, and very near the margin of the cos
tal bone. Surfaces smooth. 

Abundant in the red bells which lie between those of the Green River 
and Bridger epochs at Black Buttes, Wyoming. 

EMYS MEGAUL.AX, Cope, sp. nov. 

,Represented by remains of two specimens. They pertained to a spe
cies of about tile size of that last describe<l. The marked peculiarity 
consists in the broad and apruptly sunke~ sutures which separate the 
dermal scuta of the carapace. This is visible on vertebral, costal~ and 
marginal bones, where the a.rem between the sutures are abruvtJ_y sep
arated. The sntures partially interrupt the dorsal carina. 'rhis is 
wide and low. The sculpture is otherwise smooth. The scutal sutures 
are not so impressed on tlle plastron, and those of the gular scute:::; ex
tend on the mesosterna! bone. 

Measurements. 
M. 

Length of a marginal.. __ .......... __ .... _ ......... ,. . ... .... .... .. . . . . .. . ... .016 
Width of a marginal. .... _ ....... _. _ .... _ .......... _ .. _. _ ......... __ ..... _. _. .Oi!:3 
Widtll of a vertebral ...... __ ... _. __ .. _ .. _ ....... __ . 0 •• ___ .... _ ...... _ •• ___ •• .0 I t-l 
Lcmgth of a vertebral ........................................... ___ . ... . ... . .017 
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The vertebrals are snbquadrate in form. Neither carapace nor plas
tron is t.biek. The mesosterna} is transverse, diamond-shaped, and an
gular in front. 

~Measurements. 
M. 

TJength ...•..................•..•.•••......•......•..•••..••••...... ,. . . . . . . . . .023 
\Viclth . . . • • • . • • • • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • • • .034 

From the Green River beds at Black Buttes. A third but uncharac
teristic series of fragmeuts, from the first lignite-bed above the Oreta
eeous, probably belong to this species. 

El\1YS P ACIIYLOMUS, Cope, sp. nov._ 

Established on fragmentary specimens of a species similar in size to 
the last. The principal difference is to be seen in the scntal sutures, 
which, though strongly marked, are not so widely and deeply irnpresse(l. 
Though they are fine, they interrupt the dorsal carina, wilich swells up 
from it, and divides tile flat proximal portion from the much swollen 
marginal part of the marginal bones. The rnesosterual bone is similar 
in form to that of the last speeies; the only specimen is obtusely rounded. 
iu front, aud bears part of the gular sc~ta. 

From Green River bed8, near Black Buttes. 

EMYS TERRESTRIS, Cope. 

Palmotheca ter·restris, Cope. Proceed. Amer. Philos. Soc., 1872, p. 464. 

In this species, and the following, the lip only is inclosed by the gular 
Hcuta, which only reacil the apex of the mesosterna!. In neither are t w 
articulations of the bridge with the costals kuown. Represeuted by 
three individuals, one of which may be regarded as the type. The.v are 
all thinner than the E. polycyphrus, and larger, being about equal to the 
A ronwchelys odoratus of our ponds. · 

In the type specimen the carina of the vertebral bone~ is interrupted 
h.v a deep sutural groove, which is less pit-like than the E. polymJphus. 
The bone itself is broader than long, being, perhaps, from the hinder part 
of the carapace. The clavicular (episternal) bone is preserved. It is 
<·haracterized by the considerable and abrupt projection of that part 
inclosed by the gular scutum, which resembles what is sometimes seen 
in Testudo. The edge of this part is entire and acute. The posterior 
part of the projection forms a step-like prominence behind, on tile supe
rior or inner faee. Tho bone is almost as wide as long, and the meso
sternal causes a very slight medium truncation, but oYerlapped much 
on the inner side. The gular dermal suture does not reach it. 

.1lfeasurements. 
M:. 

Length vertebral bone ......................................................... (;Ui) 
Wiclth vertebral bone .......................................................... 011:! 
Length episternal .......................................................... _ ... 02 
Width episternal, (transverse to axis of body) ................................... 017 
\Vid th of a costal .. . . . . . . . . . . . . • . . . • . . . . • • . . . • • . • . . • . . . . . . . . • . • . • • • . • • . . . . . . . .011 
Thickness proximally ...•••....••...••••.••.••••••••••••••..••••.......... __ •. .003 

In the second specimen, a strong groove is seen to bound the lip of 
the front lobe of the plastron, as in the species of Notornorpha. In it the 
marginal is seen to be stout, a little recurve<l, and sbarp-e<lged. A Yer
tebral differR from those deserib<.>d in being longer than wide. In a third 
iuclivillual, the gular lip it:; not so promiueut as in tLe type, aud tile me-
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sosternal bone truncates the chwicular extensively, giving it thus a more 
elongate form. The gular scuta expands to its fi.·ont margin. The mar
ginal bone is stout and sharp-edged, and is not so deeply impressed by 
the dermal suture as in P. polycypha. 

EMYS POL YOYPHUS, Cope. 

Palccotheca. polycypha, Cope. Proceed. Amer. Philos. Soc., 187::2, p. 463. 

This species of tortoise is indicated by vertebral, costal, and margin:1 t 
bones of very small individuals. These bones are, however, not ouly 
thoroughly ossified, but are very stout, indicating the adult age of ti.H· 
animal. The deeply-impressed scutal _sutures, and heaYy proportions, 
as well as the elevated carina of the carapace, indicate affinity witlJ 
Cistuclo, or, perhaps, Testudo. As another generic character, it may lw 
noted that the vertebral bones are subquadrate and support the neural 
canal without intervening lamina. 

The carina of tbe carapace is abruptly interrupted occasionally; some 
tiwes with, sometimes without, a pair of pits, one on each side. Tilt• 
marginal bones are well recurved, and the scutal sutures are deeply im
pressed on them. 

Measurements. 
M. 

Length of vertebral bone ................................. _ ......... _ ..... _... .00!) 
Wiutb of vertebral boue ........ _ ......... ______ ......... __ ...... _ .. ___ ........ 00t'3 
Length of marginal bone ....................... ________ ..... ...... ____ ......... 01 

This is the least of the tortoises of the Bridger formation. 

HADHIANUS, Cope. 

Proceed. Amer. Philos. Soc., 1872, p. 468. 

This genus resemlJles Testudo in form, but has two anal scuta, as in 
most Emydidre. The claws are short and stout; an ungual phalange is a 
long oval viewed from above, and is oval in section, with obtuse edges. 
The articular surface is subinferior. A cervical vertebra is of moderate 
length, and has a very prominent anterior zygapophysis. The centrum 
presents two distinct convex articular surfaces anteriorly, and one trans
Yerse one behind. A sacral is free from the carapace alJove; it• presents 
two subround articular cups posteriorly and outwardly; the anterior 
are broken off. These characters are observed in a large specimen of 
H. Oorsonii. 

HADRIA.NUS .A.LLA.BI.A.Tus, Cope. 

Proceed. Amet'. Philos. Soc., 1872, p. 471. 

This large land-tortoise is nearer in general form to the H. corsonii 
than to the H. octonarius, but differs from both iu the absence of the pro
jecting lip of the anterior lobe of the plastron, which is thus simply 
truncate. The mesosternum is not cordate, but has much the shape of 
t.hat of H. corsonii, that is, rhombic. The scutal sutures are deeply 
impressed. The plastron is strong-ly concave. Carapace without irreg
ularities of the surface. Length 18 inches. 

From the Bad Lands of Cotton wood Creek, Wyoming. 

HA.DRI.A.NUS OOTON.A.RIUS, Cope. 

Proceed. Amer. Philos. Soc., 1872, p. 468. 

The H. octonarius is distinguished from its congener jn many ways. 
It is of elongate form, strongly coutracted at the bridges, but expanded 
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and arched above the limbs. The carapace in quite convex. The plas
tron has the posterior lobe emarginate rather than bifurcate, as seen iu 
H. Oorsonii. Each projection represents a right-angled triangle rather 
than a wedge. The anterior lobe presents an elongate lip, which is ex
panded, and slightly emarginate at the end. The mesosterna! bone is 
heart-shaped, the posterior emargination being wide and deep. 

The anterior margin of the carapace is solllewhat flared above the 
limbs. The nuchal Rcutum is very narrow transversely, but elongatP. 
The carapace descends and is incurved in the middle of the posterior 
margin. 

Measurements. 
M. 

Length, (below) ................................................. ~ ... -.. ----. . 7:30 
Width at middle ..... _ ............. _. _ .... _ ........ ___ ... ___ ......... ____ .-. . 4:-37 
Width at hind limbs ..... . ..................... __ .... __ . _.......... . . . . . . . . . . . 5:!5 

This species differs from the H. Oorsonii in many important points. It 
is, perhaps, the largest of our extinct land-tortoises, and is foundeu on a 
beautifully perfect specimen from the bluffs of Cotton wood Oreek. 

HADRIANUS CORSONII, Leidy. 

Geological Survey, Montana, 1871, p. 366; Testudo hadrianus, Cope. Proceed. Am. 
Philos. Soc., 1872, 463; Hadrianus quadratus, loc. cit., 468. 

Indicated by many individuals, two nearly perfect, another chiefly 
represented by a complete plastron. This proves the existence of a 
very massive species of the terrestrial genus Testudo. The plastron 
presents a short wide lip in front, which is turned outward, forming a 
strong angle with the plane of the upturned front of the lobe. This 
lobe is bordered by a thickening of the upper surface, which cuts off the 
basin from the lip, as a higher ridge. The posterior lobe is deeply 
bifurcate, each postabdominal projecting as a triangle. There is a 
notch at the outer angle of the femoral seute. The byposternal bone is 
greatly thickened within the margin above, and an elevated ridge bounds 
the basin of the plastron behind, as before. The middle. of the plastron 
is thin. 

The carapace is without marked keel or serratious. It is remarkable 
for its expanded and truncate anterior outline, which is nearly straight 
between two lateral obtuse angles. 

Length carapace, M .. 750=29 inches; widtll, .G30. The marginal scuta 
are narrow, and there is a large nuchal plate. 

Abundant in the Bridger beds. 

LACERTILIA. 

NAOCEPHALUS, Cope. 

Proceed. Amer. Philos. Soc., 18i2, p. 465,(July 29.) 

Established on an incomplete craninm, with vertebrm found associated. 
No teeth are preserved, nor any part of the mandible. The remaining 
portions of the cranium are, however, highly characteristic. 

The occipital descends posteriorly, and bears a pair of lateral ridges, 
which converge rapidly posteriorly. This bone is united with the parie
tal by suture, which is transverse; its outline is rectangular, so as al
most to reach the frontals, which are prolonged backward on each side 
the parietal, leaving but a narrow exposure of the posterior processes of 
the parietal. These extend backward, and are broken off in the speci
men, but they probably formed parts of arches. The parietal is single, 
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and there is no parietal fontanelle. The bone is triangular in outline, 
with the apex anterior, di,·iding the frontals. These are contracted at 
the orbits, and have a projecting supercilliary head; antPriorly they are 
thickened. The postfrontals are of remarkable form. 'rhe.v are ru~s
sive, and, compressed from before backward, they rise considerably 
above the level of the front, aud bear on their summits a cotyloid cavit.y, 
U'bich is transverse to the axis of the cranium; the use of t11is projec
tion is obscure. There is an exoccipital foramen, and a large one in the 
posterior part of the frontal opposite the postfrontal elevation. 

T11e sphenoid is a compressed keel-shaped bone, rounded below, and 
with broad alrn along much of its length. The occipital condyle is sub
condate, depressed in outline, with a vertical obtuse angle in the middle, 
and the sides somewhat plane. 

A dorsal vertebra preserved has a single vt>rtical capitular process, 
~md a short hypopophysis. The neural canal is large, and the neura
pophyses ar.e attached by sntures. The cup is nearly round, very 
slightly transverse, and vertical. 

This genus differs from Glyptosaurus, Marsh, in the total lack of cranial 
shields, and from Saniva, Leidy, in the nearly round vertebral centra. 

N .A.OCEPB.A.L US PORRECTUS, Cope. 
Loc. cit., p. 465. 

The cranium is smooth above, except the anterior part of t.he frontals, 
which are finely rugose. 

.111 easurenwnts. 
M. 

Width cranium at postfrontals ............... _ ......... _.. . . . . . . . . . .. .. .. . .. . . Oi2 
Wi<lth p:.u:ietal bcllind .............. ____ ·---- .............. __ . _ ......... ___ . . 012 
Dcptll postfrontals.... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . 018 
Depth presphenoid auteriorly ............................. _.. . . . . . . . . . . . . . . . . . 014 
Diameter dorsal vertebra, ( cnp) .. _ ..... _ ......... ___ ... _ .. ___ ........• __ ..... . 007 

From the Bad Lauds of Cotton wood Creek. 

SANIV A, Leidy. 

Geolog. Survey, WyoJ;Ding, 1870, p. 368. 

SANIV .A. ENSIDENS, Leidy. 
Loc. cit. 

Vertebrre, &c., from Black's Fork. The characters a'gree with thm;e of 
Jguanavus, Marsh, except in the greater depression of the vertebral 
centra. 

THINOSAUHUS, Marsh. 
American Joum. Sci. and Arts, October, 1872. 

THINO'S.A.URUS LEPTODUS, Marsh. 

A considerahie number of remains from Mammoth Bnt.tes (Bitter 
Creek) agree nearly with Marsll's description, 1. c. 

OPHIDIA. 
PROT.A.GR.A.S L.A.CUSTRrs, Cope. 

Proceed. Amer. Pbilos. Soc., 1872, p. 471, August 7. 

A serpent. of about the size of the exiRting pine snake, (Pityopkis 
melanolencus,) anu allied to the water-snakes of Tropidonotus aud allied 

.. genent. 
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A vertebra before me has the longitudinal hypopophysial keel of that 
group, which terminates 111 a very obtuse poiut.. 'flle ball looks exteu
siYely upward. The upper articular extremity of the parapophysis is 
short and obtuse, aud the inferior equally so, and directed shortly dowu
~mrd, their articular faces beiug coutinuous with each other. It sends 
au obtuse latero-inferior keel backward, which terminates in front of 
the ball. The angle connecting the diapophysis and zygapophyses is 
strong, while the former was narrow; in the specimens it is broken. 

Measurements. 
}1. 

r~ength of centrum with ball, (below)---. ----- .. ----- --------- .. -.... --- .. --- . 0090 
Elevation behind, (total) ............................ ....... _ .. _... . . . . . . . . . . 01:{.) 
Elevation before, (total) ..................................................... 0110 
Width between parapophyscs lJelow ... --· ......................... ___ ... ... . . 0055 
\Vidth of articular cup .. _ .... __ .... __ ............ _.. . . . . . . . . . .. . . . . . . . . . . . . . . 0054 
])ppth of articular cup ................ ____ ................................... 0043 
Depth of inferior keeL ........ . .............. _ ..... __ .... _ ...... _ .... __ . • . . . . 00~0 

From the Bad J_jauds of Cottonwood Creek. 
This species is allied to the Boavus of ~1arsll. 

BATRACHIA. 

The vertebral column n,nd part of the cranium of a p:obably incom
pletely developed tailless Batrachiau were procured uy Dr. F. V. 
Hayden, from the fh;h-sbales of the Green Hiver epoch, fron near Green 
Hi\'er City, Wyoming. They are not sufficiently characteristic to enable 
we to determine the relation of the species to known forms, and it is 
the oldest of the order yet discovered~ the fossil remains of the known 
extinct species having been derived irorn tile ~liocene and later forma
tions. 

PISCES. 

CLASTES, Uope. 

Order Ginglymodi: Mandibular ramus without or with reduced fissure 
of the dental foramen, and without the groove continuous with it in 
Lepidosteus. One series of large teeth, with small ones exterior to 
them in the dentary bone, the inner superior aspect of that bone with
out prominent dentiferous or rugose rio. 

The species of this genus resemble in many ways the LPpidostei of the 
present day. 'l'heir scales are rhombic and pierced by a duct on the 
lateral line. The cranial bones are omamented by tubercles of gaJwine, 
distnbuted varion~ly according to the species. Some of these tislles 
n~ached a large size, exceeding any now living; others resembled the 
true Lepidostei in tllis respect. 

The characters assigDed to this genus are <lerived from the under 
j <IW, and I have observed it in two species, one which I suppose to be 
the Lepido:steus glaber, Marsh, and the other C. cycl{f'erus, Cope. 

CLASTES ANAX, Cope, spec. nov. 

Represented by some cranial bones, and especially by a posttemporal, 
which indicate a very large species of gar, two or three times as large 
as the alligator-gar of the Mississippi, (A.tractosteus ferox.) The bone 
has a free OV<olte posterior outline, and its superior surface is co"~>ered 
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\\ith a thick layer of dense bone, which has not the brilliant surface 
of ganoine. This substance is tllrown into elevated corrugated ridgp::;, 
which are generally transverse to the long axis of the bone, and inMtn
late and are interrupted frequently. The spaces between are as wi<le :.ls 
the bases of the ridges. 

JI.Jeasurements. 
M. 

Width of bone. ___ ...... _ .... __ ..... ___ ... __ ...... __ ............................... ___ . .0~2 

fllickness of bone ....... _.... . . . . . . . . . .. . . . . .. .. . . . . . . . . . .. .. . . .. .. .. .. . . .. . . . . . .. . .. .. .. .. . .01~ 

Found in the Bad Lands of Ham's v..,ork. 

CLASTES ATRO:X:, Leidy. 

Lepic1osteus atrox, Leidy. Proceed. Acad. Nat. Sci., Philacla:, 1873. 

Abundant, and represented by both rough and smooth scales, the 
former from the anterior part of the body. 

0L.A.STES CYCLIFERUS, Cope . . 

Established on numerous remains of a small species, in which the 
scales are ratller wide, and generally with obtuse extrernital angles, aml 
frequently in certain regions of the body eutirely rounded at the pos
terior border. Fragments of the cranial bones are ornamented with 
sc~attered tubercles of ganoine of rounded form, and not distributed in 
lines, as in some species. In a fragment from the posterior part of the 
mandible there is a single row of large teeth, with a series of minute 
ones bet,ween them, 011 the outer edge of the bone. The external face 
presents a smooth· superior ·surface, auu a rugose inferior portion wllich 
is marked by irregular lines of points of gauoiue . 

.. Measurements. 
M. 

Depth ofdentary bone ..... ---------------------------- -----·-- ...•••.•••••. 00~0 
Width of clentary above ...................... ·---------------------·· ..••... 00i:5 
Length of a scale, (exposed face).... .. .. .. .. . . .. .. .. . .. .. .. .. . .. . . .. .. .. . .. . .. . . . .. .. • • . .. . . 0060 
\Vidlh of a scale, (exposed face) ........................ -----·------ ....••..• 0060 
Thickness of cranial bone ...... ·----------- ...... ------·------------- .••••• 

From Mammoth Buttes. 

CLASTES GLADER, Marsh. 
Lepidosteus glahcr, Marsh. Proceet1. Acad. Nat. Sci., lSi. 

Abundant. 

P APPICHTHYS, Cope. 

Gen. nov. Halecomorphorurn. 
Family Amiidac: Vertebrm short, the dorsal with prominent dia

pophysis; the sides of the centrum striate-grooved. Maxillary lJone with 
a supplementary bone on its distal upper border, and supporting a single 
series of teet.ll. Dentary bone with but one series of teeth; surface of 
cranial bones sculptured. 

This genus differs from the existing A.mia, in the presence of only one 
series of teeth, instead of se,~eral, ou the bones about the mouth. The 
posterior part of the dentary bone, or perhaps another element, is cov
ered with fine graniform teeth, as in Amia calva. 

Species of the genus are numerously represented in the beds of the 
Bridger Eocene. Some of them have been referred to Amia by Marsll. 
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P .A.PPICH'l'IIYS PLIC.A'l'US, Cope, spec. nov. 

Established on a series of bones of the skull aml vertebra~. The cranial 
bones are deeply grooved, and with parallel ridges between. The outer 
.iace of the dentary is rougllly grooYed on the inferior half of its posterior 
two-thirds. The inner face is marked by a strong groove near its mid(lle 
to the symphysis, above which it is very con-vex; below it extends to a 
thin edge. The dental alveoli are shallow and in close contact; there 
are six in .025m at its middle, where it is also .OlD deep. 'I'he teeth be
come smaller at the symphysis. The maxillary bone is rod-like proxi
mally, but flattens out mnch distally, and is there slightly rugose on tbe 
outer face. The teeth are smaller than the mandibulars, tbere bt:•.iug · 
at the middle fourteen in .025m. The alveoli are Jarger proximally. The 
depth of tbe bone at the beginning of the suture for the supplementai)T 
maxillary is .020m. The superior extremity of the hyomandilmhn· is 
broad aud fiat. The inferior qua(lrate is thickened hehind, and bas a 
snblongitndinal condyle distally. Tlle squamosal suture of the ptery
goid adjoi11s it. 

Number cranial ridges in .010111
, 10. The vertebr::.e preserved are 

quite short, :-.tnd have sessile diapophyses; they are broader than deep. 
Width, .o:.wm; depth, .019; thickness, .005. The articular surfaces for 
the neural arches are confluent, so as to have a subquadrate ·out.line . 

.Anotuer specimen is represeuted by numerous fragments. One of 
these is tbe proximal half of the os ma,xillare. This extremity rises iu <L 

curve, is somewhat depressed, and is excavated below. The inner faee 
is very convex, the outer flatter and with squamosal suture for premax
illary exter11al to the extremity a half inch. A fragment of the palatipe 
exhibits a series of large marginal teeth and a plate of smaller Olles 
within them, thus resembling Arnia; the superior face P;xhibits a <leep 
longitudinal groove, which opens out posteriorly. The prootic bone il'i! a 
half disk, thickt:med on the straight edge, and with concave sides, with a 
fiat tuberosity on one of them. On some of the cranial bones the ridges 
are interrupted. The dorsal vertebne of this specimen have the centra 
broader than deep, and with projecting diapophyses. The neural ar
ticular faces are for its own arch and that of the next vertebra, and there 
are two narrow grooves on the inferior face. Tuey are nearly or quite 
distinct. As this i:s observed on vertebrm with elongate diapoph.vses, 
and they are coufluent, or one is wanting on those with sessile diapophy
ses, it is probable that the position of the neural arches is shifted on 
the dorsals, an arch being confined to a si11gle centrum on t.he posterior 
ones, as occnrs on the caudals only in Am,ia calva. 

The specimens came from distinct localities on Cottonwood Creek. 

P APPICHTHYS SCLEROPS, Cope, sp. nov. 

Established on a ramus of the mandible of one, and other similar 
specimens of other individuals. These indicate a large fish, equal 
in size to the alligator-gar of the Mississippi. The dentary bone is 
more compressed und deepel' thau iu P. plicatus. The longitudiual 
groove runs above the middle liue, and the portion of the bone helo<vY 
it thins to an edge. The upper portion is thiekened, and the al veo1ar 
border is wide aml bounded by au angle on the inner side. The alveoli 
are large and shallow; in .025111 :scarcely three find place. Near 
the symphysis is a smaller one, which is separated by a considerable 
diastema from the sueceecling one, (perlwvs abnol'lnally.) The extenml 
face of the l>oue is rough and somewhat tubercular. 
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Jlfcasurements. 
M. 

Depth dentary at symphysis................................................. . ~l.:3 
Depth dentary at middle....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o:;::~ 
Depth dentary at eleventh tooth ............................................. O..tt.1 
Thickness dentary at eighth tooth.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 018 

PAPPICHTHYS L.2EVIS, Cope, spec. nov. 

Represented by various fragments including dentary and vertebral 
l>oues. The former differs from that of the species just de8cribed in the 
smaller size of its teeth, there being six in a space occupied by but four 
in it, at a point where the dentaries of equal depth. In other words, 
there are four in .0250m. The alveolar faces are also much more 
oblique, being in fact continuous with tlw inner face of the bone. The 
external face of the dentary is smooth, and thus different from that of 
P. sclerops. A dorsal vertebra is but little wider than deep, and is trun
cate below, presenting a prominent infero-lateral angle. 

~Measurements. 
M. 

Depth of dentary near middle .....•......... _ ........ ___ ... ___ .......... _ .. _. . 0~~7 
Thickness of dentary near middle . _. _ .. ___ ...................... __ ....... __ .• . 012 
I>ept h centrum of vertebra .. _._ ... _ ............ _ ............... ____ .. _.. .. . . . 0'29 
Width centrum of vertebra._ .............. _ ..... _ ... _ .... _ .. __ ....... _.. .. .. . 0:18 
Length centrum of vertebra, ......... _ ............. _ .... __ .. ·--- ....... ·---.. . 009 

:b,rom the bluffs of Cottonwood Creek. 

P APPICIITIIYS SY::!.\fPIIYSIS, Cope, species nova. 

Established on anum her of Yertebrre of an indiviclnal of much smaller 
size than any of the preceding·, and which was auont the size of the 
largest growth of .il. calva. The form of the dorsal centra is a little 
wider than deep; tlw caudal deeper than wide. vVbat distinguishes 
these from the vertel>ne of the species auove descril>ed is the lack of 
<:istinction between the articular facets of the adjacent ueurapophyses. 
11hese arc almost coutluent, instead of uearly o1· quite isolated. as iu tl.Je 
P. lcevis and P. plicattts. 

JJl casuremen ts. 
M. 

V ·ngth of centrum, dorsal.. ___ ..................................... ~.... . .. .. . 006 
1>,·pth of centrum,·dorsal. ..................................... ------ ......... 014 
\Vidth of centrum, dorsal. ........................... ·----- ................... 018 
})t~pth centrum, caudal. ........... _ . . -................ _ .. __ .... ___ . .. . . . . . . .. . 0115 
\Vidtll centrum, caudaL ..... ·----· ................. ------ ....... --- ......... 010:) 
Length centrum, caudal. __ ................ __ ..... _ ....................... _... . 0040 

'rbe dorsals of the above specimen haYe short diapophyses and might 
be regarded as posterior, and the anterior might be anticipated to pre
::-;ent a different type of articulation with the neurapophyses as in P. pli
catltS. But a vertel>ra of the same size and form, l>ut with long diapo
plly::-;es, from another Joce:1lity, (Upper Green RiYer,) presents the ~r~ame 
l-'nl>quadrate articular faces :shgl1tly constricted iu the middle. Hcuce 
I suspect this character to be characteristic of the species. 

PAPPICHTHYS CORSONII,* Cope, spec. nov. 

This species is, perhaps, rather smaller than the last. A dorsal ver
tebra with inferior diapophyses is but little wider than deep. The 

"Dedicated to Dr. Joseph Corson, formerly stationed n.t Fort Btidger, to whom I am 
umler many obligations, professional and otherwise. 
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articnlnr snrfa.ces for the ueurapopbyses are 8-sha.ped, the area confluent. 
A marked peculiarity js seen in tlJe dentary bone. It is much curved in 
the vertical plane as well as in the horizontal, and must have inclosed 
a wide month. The groove is median, and the inferior and superior 
sur~·aces reach it by a nearly equal slope. The former leaves the alveoli 
without horizontal border, though the latter themselves open on a hori
zontal plane. There are four and a fraction in .010m. 

lJfeasurernents. 
M. 

Depth oframns at middle ...... ·-----·----· .......... ·----- .............. ---- 0.01:~ 
Thickness of ramus at miudle ......... ; ........ ··--·- .... ________ ·----· -----· .006 
Length posterior uorsal vertebra . ____ .. _. _ ...... . .. _ ... __ .. . . . . . . . . . . . . . . . . . . . 006 
Depth posterior dorsal vedebra ............ . __ .. .. .. _ ... . ____ .. ____ . _ ..... ___ . . 012 
Width posterior dorsal vertebra ......................... ___ ....... _.. . . . . . . . . . 013 

From Upper Green Hi ver. 

PHAREODON, Leidy. 

Proceedings Academy Nat. Sciences Phila., 1873. 

This genus belongs to the order of Nernatognathi, as I discovered by 
variom; specimens in my possession. 

The usual modification of the anterior vertebr::e exists in this genus. 
The mass is carinate below, and bears two longitudinal casities sepa
rated by a low partition above. The palatine bones support a mass of 
teeth, tbere being one external series of large ones rather abruptly 
pointed, and several series of small ones of little elevation, whose size 
diminishes in ward. The dentary bone is narrow and deep and sup
ports a single series of closely placed slender teeth, which together form 
a corn b. Tile bases of these teeth are rugose-striate, and the apices 
abruptly acuminate. 

The vertebrm are short, and with reticulate ridges on the sides. 
There is a pit on each side, and there are two pits on each of the sides 
above and below. The vertebra appears to be a caudal, and the connate 
hmmapophy~is issues from between the lateral and inferior pits aud 
bas a round pit at its base. 

rrhe rem a ius of spines are of rather small size, and are strongly stri
ate and wealdy serrate. The pectoral had the hinge arrangement of 
Arniunts and Rhineastes. 

The single series of long conic teeth in the dentary bone is a peculiar 
feature, shared by few if any recent geuera. 

PHAREODON ACUTUS, Leidy. 

Represented by numerous remains. The teeth as preserved are black, 
with white, tr;mslucent, slightly incun·ed apices. The dentary bones are 
deep, in curved, aud with au erect eleYated point at the symph.Ysis; their 
outer surface is rugose, with deep lougittldinal grooves and pits of irreg
ular sizes. 

~Measurements. 
M. 

Depth deutary at symphysis---- .... ------.--·--· ________ ----·· ..•... ________ .009 
Dopt,h dentary at fourt.eenth tooth ...... _ ........ _ .. __ ... _______ .. _. _ .. _. ___ .. 015 
Length of eighth tooth ...... ----·. ·----- ·----- ------ ____ ·--·-- ------------ ... 0056 
Diameter of right tooth at base .... -------- .......... ---- .•............ _ ....... 0015 
Diameter of a cauual vertebra. __ ................. ·----· ....•. ___ .•.. _ ..•. ___ .. 008f> 
Leugth of<t caudal vertebra ...... ··---- ________ ·----------··----- ____ -----· __ .0055 
Six tet'th in ..........• _ ........ _ •....•••.... __ •..•••. ______ ...• __ ••.• __ •. _ _ _ .0100 

From Upper Green Hiver. 
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PHAREODON SERICEUS, Cope, spec. nov. 

Established on three teeth which differ from those of the P. acutus in 
tlleir large size and stout conic form; also in baYing the basal Rtriation 
ti uer, parallel, and extending over half the length of the crown. The 
basal portions as preserved are black, the apex white, and with a 
slightly abrupt contraction. 

1lieasu'rements. 

No.1. I No.2. No.3. 

-----------------------------------------1----------------
J kngth of crown ________ . ____ . __________ . ___ . · ___ . ___ . _ _ _ _ . 0050 . 0090 . 0070 
lJimueter of crown at base._______________________________ . 0035 . 0040 . 00.,:0 

From Upper Green River. 

RIIINEASTES, Cope. 

Proceed. Amer. Philos. Soc., 1872, p. 486. (Published August 20, 1872.) 
A genus of Nematognathi which differs from Phareodort in possessing 

the usual band of bristle-like teeth on the dentary bone, the series 
lJeing numerous, (in B. calvus.) The basi-occipital bone exhibits a pit 
on the middle line below, and a surface for attachment for the inferior 
branch of the posttemporal on each side, (B. calvus, R. smithii.) Tlle 
llloditied anterior vertebral mass is tleeply gTooYed below, (fl. wmithii.) 
The cranium is covered with a rugose exostosis, (R. peltatus, R. calous, 
R. smithii,) and has a strong closed groove in the position of the usual 
1ro11to-parietal fontanelle. The vertebrrn (R. smithii) are short, and the 
Rides of the centra onlv striate with the circumfereuce. There are no 
lateral pits, but a pair above and a pair below, with a oo-ossitied apophy
i:liS at the base of one of them. 

The spines preserved belong chiefly to the pectoral fin. They are 
strongly striate and weakly dentate, and have the usual binge with 
::,npt>rior recurved flange abm·e, and two em braciug processes below, 
at the base. The dorsal spine is w~aker in R. calvus, but strong in R. 
peltatus. 

T!Jis genus is allierl to the recent lchtluelurus, but difiers (R. smithii) 
in the vertebrrn, and in the rough exostoses of the cranial bones. In 
B. peltatus the supra-occipital shield has a great mass and extent, but 
iu R. calvus it is not much more extended than in Ichthmlurus. · 

The expedition obtained remains of four or five species of this genus, 
tlle first of the order foun<l extinct in this country. 
1. Rhineastes; a large, massi,·e nuchal shield. 

Cephalic ossification pappilliform ... __ ..... _ . _. ____ . R. peltatus. 
Ossification in rugose lines .. __________ . _ . _ . _ . _ .. _. . . R. radulus. 

II. Astephus; nuchal shield narrow and short. 
Ceplwlic ossification in smooth lines; one basi-occipital 

pit; pectoral spines serrate on both edges ...... _ _ _ R. srnithii. 
Three basi-occipital pits; pectoral spines serrate on 

both edges ......... _ . - .... _ .... _ .. _ .. _ . _. ____ . _ . R. ca.lvus. 
Pectoral spines serrate behind only; curved .. _ _. __ . R r:rcuatus. 

Tile cephalic bones of the la:o;t named are unk:wwn, as well as the 
spiue::::; of B. radul~ts. 
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RHINEASTES PELTATUS, Cope. 

Proceed. Amer. P!J.ilos. Soc. 1872, 486. 
Established on cranial and other bones, with spines of a siluriform 

fish of the size of the largest species of Ami'ltnts. The form in the ex
cessive rugosity of the external long surfaces reminds one of some of the 
Brazilian Dorades. The frontal fontanelle is closed, though very dis
tinctly marked by a groove of the surface not rugose. Tile rugosity 
eonsists of innumerable, packed osseous papillm. The cranial ossifica
tion is continued posteriorly as a shield, which is strongly convex from 
side to side. The spine is symmetrical, and probably dorsal. It is com
pressed and curved antero-posteriorly, and is deeply grooved behind. 
Laterally it is closely striate-grooved; the anterior face is narrowed, 
obtuse, and minutely serrate with cross ridges; each side of it is rugose, 
with several irregular series of pronounced tuoercles arrauged trans
versely. 

~Measurements. 
M. 

Width frontal bone near front of fontanelle..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Thickness at do ...... _......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00-! 
Thickness at of casque..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00-l 
Width spine ... ... .... ... . .. .... ... . .... .... .. .. ... . .... .... ... . . . . ... .. .... . 003 
Depth spine...... . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . • . • . . . . . . . . . . • . . . . . 009 

From South Bitter Ureek. 

RHINEAS1'ES RADUL US, Cope, spec. nov. 

Represented by numerous broken cranjal bones, which present a pat
tern of exostosis quite distinct from that observed in other species. This 
consists of closel~r placed crenate ridges, which radiate from various 
points and are sometimes broken up, but always rough or serrate on the 
edges. The bones are not so thick as in the last species; i. e., .0025m. 

l1'rom Bad Lands of Cottonwood Creek. 

RHINEASTES SlVIITHII, Cope. 
Proceed. Amer. Philos. Soc., 1872, p. 486, (August 20.) 

Represented by remains of several individuals, including one with 
vertebrm, basi-occipital, opercular, and other cranial bones with spines. 
They indicate a fish of the size of the large cat-fishes of the Ohio River. 
The pectoral spines are quite compressed and distinctly striate-grooved 
on the sides. The posterior groove is occupied by short, spacet1, recurved 
teeth; the anterior by an acute edge bounded by a groove on each side, 
which bas a fine, close serration. The surface of the modified vertebral 
mass is striate-ridged; that of the basi-occipital still more strongly ridged. 
There is a median pit behind, and the points of attachment of the in
ferior limb of the posttemporal is in front of it, smooth, and without 
reverted edges. The operculum bas a large, compressed, sessile cup, and 
its external surface is strongly ridged antl grooved, radiating from abo-ve 
in front. 

Measurements. 
M. 

Diameter of a vertebra . _- •••....• -·· ....•••............••.................... 021 
I,eugtb of centrum ................................ __ ......................... 009 
Damcter of modified vertebra .............................................. ~ . 013 
J ~ i anwter of groove of vertebra . . . . . . . . • . . . .. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 005 
Diameter of occipital articulation ....•........................................ 015 
L !·ngth of cup of operculum .................................................. 013 
Din meter Rpine at base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . 008 
Diameter spine at .004 from base .............................................. Ou37 
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Anotlwr pectoral spine is larger; diameter at base, .010. 
From the ~Iammotll Buttes and r .. aelede, on Soutll Bitter Creek.* 

RrrrNE.ASTES C.A.L vus, Cope, sp. nov. 

Represented by numerous specimens, including most parts of the cra
llillln, spines, &c. 

One or these shows the supra-oceipital production to haYe the form 
of au equilateral triangle, with a sinns of the posterior border on each 
side of it which :uhances in front of the epiotic bone bekw. Sllortly in 
fr·ont of this point tbe deep groove representing the fo11tanelle com
mences. Tbe cranial rngm are lines parallel to the fontmu:lle, which 
diverge to the margins of the occipital proloHgation, and are frequently 
conneeled by cross-ridges. The frontal portion of the sknll is much 
expanded laterally, and the part beneatll iuclosed by the prefrontals 
particularly wide. The fontanelle in this region does not appear to 
have been entirely closed. The surface is here also stroHgly rugose. 
The vomer bas a T-shaped anterior extremity, which is imnwdiately 
followed IJy two tramwerse parallelogrammic patches of premnxillary 
brn"!:ib-teeth in several rows. They are about twice as long as wide awl 
in contact medially. The antetior margiu of the premaxilla projeds 
their length beyond them, and is perfectly smooth and has a smooth 
rounded border. The basi-occipital has a subcordate cotylns. In front 
of the median inferior pit arc three groove-pits; the articular face for 
the posttemporal is opposite the former, and is rugose and has strongly 
reverted edges. 

Measurements. 
M. 

Diameter occipital articulation __________ ---· ___ -· __ __ __ __ __ __ __ __ __ __ __ __ __ . 008~ 
Diameter base l:mpra-occipital sllield _____ . ________ . __________________ . ·- __ __ . 01:~0 
Width front above orbits _. ____ . __ - ___ . ___ . _. ____ .. ____ . _____ . ____ . __ . __ • _. . 00-1:~ 
Lengt.b from vomer to premaxillary border . _________ . __________ . _____ . _ _ _ _ _ _ . 0110 
Leugth of both tooth patches _. _______ . - __ - ___ - __ - _. _____________ . _. __ . _ _ _ _ _ . 01:20 
Diameter pectoral spine at base ____________ -·---· __ -· __ . ____________________ . OOJl 

'l'he pectoral spine is serrate on both edges. The base of the dorsal 
iR symmetricul and articulates with itS interneura-l bone lJy 'tWO lateral 
flat and one con\'<'X median allterior coiHlyles, whose surfaces are 
curiously rugose. The interneural has a rugose median superior keel, 
which terminates in a point \Thich is receiYed into a pit of tile base of 
the spine; there is a similar vroduction on the posterior side tor a simi
,Jar purpose. rrbe basis of the spine proper is smaller than that of the 
pectoral, and is about as wide as deep. 

In a numoer of fragments of another individual, found together, the 
basi-occipital bas the characters already described. The <.leutar,Y bene 
is curved. inward, and is acute below, widening regularly to the alveolar 
border. There is no grooYe on the iuuer face, while the outer is striate
grooyed and bas a series of pits along its lower middle. 

JJ1easurements. 
M. 

Diameter occipital articulation ____________________________________ -· ______ -· . 009 
\Vi(lth alveolar face __ . __ . _. _________________ . __ . ___ . _. _______ . _____ -________ . . 004 
Depth of ramus at middle . ____________________ . _____ . ___________ . __ .. _ _ _ _ _ _ _ . 003 

*Named for my respected friend Daniel B. Smith, of Germantown, many years prin
cipal of Haverford College, anu a student and lover of natural sciences. 
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A part of the operculum of a third individual (with similar spines) 
displays great rugosity and elevated -radiating ridges; length of articu
lar cup, l\1. .0065. 

The specimens are chiefly from the Ball Lands of the Upper Green 
River. 

RHINE.A.STES .A.RCU.A.TUS. Cope, spec. nov. 

There are numerous spines about the size of those of the last species, 
which differ in the want of the fine serrated anterior edge. I select one 
a~ the type, which belonged to the pectoral fin of the right side. It i~ 
unbroken, and IS curved from base to apex. The latter is acute b,'i· 
au obljque posterior truncation. The surface is strongly striate, and 
the teeth of the posterior edge are cloRely set ; the proximal point dis
tally, the distal proximally. In this specimen there is a trace of 
anterior serration; in many specimens none whatever. The external 
surfaces of the epiclavicular aud coracoid bones are strongly rugose
striate, as is the case in all the species of this genus, and. the most 
characteristic fragment is that portion of the scapular arch at the base 
of the pectoral spine. 

M. 
Length of spine on curve ................. ·_ ............. _ ............ _ .. _.... . 05"2 
Diameter at base, loug .............................. _ ... , .. _ ................ _ . 006 
Diameter at bat;e, short.. . . . . . . . . . . . . . ....................... _ .......... _. . . . 00-1 

The recurved plate of the base is rugose, as in other cat-fishes. 
Specimens generally from Upper Green Ri ,-er. 

The spines are less com pressed than in R. calvus. 

TRICHOPHANES. Cope. 

Proceed . .A.mer. Philos. Soc., 1872, p. 479. 

Allied to Erismatopterus, Cope, and to the family of Oyp.,·inodontiflcc. 
Dorsal and anal fins short, eacll with a long and short spinous ray on tile 
anterior margin. Ventrals beneath the <lorsal. Operculum wit.h a longi
tudinal keel above. Mouth with a wide gape, extending lJeyon<l orlJit. 
'Scales wanting, represented by rigid fringes or hair-like bo<lies. Srveral 
important characters of this genus are not very distinctly displayed by 
the specimen described. This h:; especially the case with the maxillary 
region. The premaxillary bone evidently form'3 a large part of the 
arcade of the month, but whether the whole, is not certain. The pres
ence of teeth and number of branchiostegal radii cannot he stated. 
Other points, more definitely exllibited, are a preoperculnm without 
t:ierrations, dirPctcd a little obliquely lJackwanl;. a coracoid of little 
width; an inferior postclavicle with a superior (proximal) conchoidal ex
pansion, and loug, slender sllaJt, extending to the anterior extremity of 
the femora. The latter arc quite slender and acuminate anteriorly, 
and grooved to the apex, but apparently not furcate. They do not 
present any marked posterior union. Vertebrre not elongate. 

Caudal fin furcate. Interneural spines wanting in front of dorsal 
fin; those of the anterior rays very strong. Interbrelllals of the ante
rior anal rays similarly strong. Caudal iin emlJraciug one vertebra, 
and supported by separated hmmal spines. The characters which 
separate Tricoplwnes from Erisnuttopterus are seen in the large mouth 
and short muzzle and in the peculiar covering of the lJody. In tlle 
former character it rese-mbles some of the Scapeli, while the latter 

41 G S 
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is not seen in any genus. The bristle-like bodies are scattered over 
tlw whole extent of the fish, excepting the head and the fins, and are 
arranged in little aggregations, which are irregularly disposed. The 
processes themselves lie irregnlarly together, as though free from each 
other, and are evidently not the impressions of keels of the scales. 
Traces of other scales are not visible, and the bodies described would 
suggest the existence of an ossified ctenoid fringe 011 a less fully calsi
fied scale, or possibly witlwut such basis. 

T1l.ICHOPIIANES HIANS. Cope. 

Loc. cit., ·480. 

Vertebrre, D., 9; C., 15; six between interneural spine of dorsal and 
interhremal of anal :fin. Uadii, D. II,(~) 6, (soft rays somewhat injured;) 
A. II, 7; V. and P. not all preserved; caudal rays numerous, forming a 
deeply bifurcate fin. The ventrals reach a little over half way to the 
anal, and the latter about half way from its basis to that of the caudal 
fin. The dorsal fin, laid backward, reaches the line of tbe base of the 
first anal ray. The first dorsal ray is a little nearer the end of the muz
zle than the m·igi11 of the caudal fin. Tue muzzle is very obtuse, and, if 
the specimen be not distorted, not longer than the diameter of the orbit. 
The gape extends at least to the posterior line of the orbit. The subor
bital region is deep posteriorly. In its present somewhat distorted con
dition, the specimen measures in-

Total length . ____ .... ____ . ___ . ____ . ____ .. __ . _ ... ___ .. _. __ .. ____ . ___ . ____ .. 
fleau . ____ .. - - - -... - -... - - - -.. - - - ... - - - -.. -... - .... - - - . - - . - .. - - - - - •• - - - - - -
Vertcbrm . __ . _ . _ _ _ .. ____ - . __ . _ .. __ . _ .. ___ ... ___ . _ . ____ .. _____ . ____ .. ____ . 
Cauual fin . . ____ . ____ . ________ . ___ ........... __ . ___ ... _________ .. ____ . ___ _ 
Length dorsal spine . _____ . _____ .. _____ .. ____ . . .. ___ .. ___ .. __ ... ____ .. ____ _ 
Lcngt h anal spine. _____ . ____ .. ____ .. _____ . ____ .. ____ ... ___ .. __ .... _______ _ 

Length hair-like bodies .. ·----·_·-----·----- .... -----·---··-----·-·------· 
From the paper-coal of Osino, Nevada. 

AMYZON. Cope, Gen. Nov. Catostomidarum. 

Proceed. Amer. Philos. Soc., 1872, p. 480. 

M. 
0.059 

. 016 

. 029 

. 0142 

. 008 

. 008 

. 0005 

Allied to Bubalichthys. Dorsal fin elongate, with a few fulcral spines 
in front, and the anterior jointed rays osseous for a considerable part of 
the length; a few short osseous rays at front of anal :fin; scales cycloid; 
call(lDl fin emarginate; mouth rather large, terminal. 

The characters pf this genus appear to be those of the Catostomiclm. 
There are three broad branchiostegals. The vertebrre are short, and 
the hrema spines of the caudal fin are distinct and rather narrmv. In 
·one specimen a pharyngeal bone is completely preserved. Not having 
it before me at the moment, I merely observe tbat it is slender, and 
with elongate iuferior limb. The teeth are arranged comb-like, are 
truncate, and number about thirty to forty. This and other portions of 
the structure will be more fully described when the whole series of spe
cimens is investigated. The bones bordering the mouth above are a 
little displaeed, and the lower jaw projects beyond them; and is directed 
obliquely upward. The dentary bone is ::;lender and toothles-", and the 
angular is distinct. The premaxillary appears to extend beneath the 
whole length of the maxillary. Should this feature be substantiated, it 
will indicate a resem ulance to Oyprinidre. The maxillary has a high 
expansion of its superior margin, and then cont.racts toward its extrem· 
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ity. .Above it two bones descend steeply from above, which may be out 
of position. The preoperculum is not serrate. The superior ribs are 
well developed. Tllis form approaches, in its anterior mouth, the true 
Uypriniure through Bubalichthys. It is the first extinct form of Catos
tomidm found in tllis country . 

.AMYZON MENTALE. Cope. 

Loc. cit., p. 481. 

This fish occurs in considerable numbers in the Osino Shales, and 
numerous specimens have been procured. Two only of these are before 
me at present; they are of nearly similar length, viz, M. 0 .. 12 and 
.105. The most elevated portion of the dorsal outline is immediately 
in front of the dorsal fin. From this point the body contracts regularly 
to the caudal fin. The dorsal fin is long, and is elevated in front and 
concave in outline, ·the last rays being quite short: They terminate 
one-half the length of the fin in front of the caudal fin. Tbe interneural 
spines are stout in front and weak lJehind. Radii, III. 26, and (~) II. 
~3. There arc about t\venty-three vertebrre between the first interneural 
spine and the end of the series in the former specimen, in which, also, 
there are no distinct remains of scales. In the second, scales are pre
served, but no trace of lateral. ~:r.llere are six or sev~n longitudinal 
rows above the vertebral column. The anal fin is preserved, somewhat 
damaged; the rays are not Yery long, and number II. 7. The anterior 
interbremal is expanded into a keel anteriorly; ventral fins injured. 
The ribs and supplementaries are well developed. The inferior quad
rate is a broad bone, wit.b deep emargination for the symplectic. Depth 
No. 2 in front of dorsal fin, M . . 025; length basis of dorsal, .026. 

From the paper-coal of Osino, Nevada. 

REVIEW OF THE VERTEBRATE FAUNA OF THE EOCENE 
O.B, WYOMING. 

The number of Rpecies above recorded, as obtained by the expedition, 
is as follows: 

MAMMALIA, (45.) 
Species. 

Quadrumana .. _ ... , ................. _.,...................... 3 
Carnivora ...... . ... - .. _. . . . . . .... _ .............. _. ___ . . . . . . . 6 
Proboscidia .......... _ .. _ ............... _. ___ ...... .. ... . _..... 8 
Perissodactyla .... -.. . _. __ .... _ .. ____ ......... . . . . . . . . . . . . . . 14 
l~odentia ...... _ .. __ ................... _ . __ . . . .......... __ . . . G 
Marsupialia ...... _ .... _ ... _ ... _ .. __ .... . ___ ... ___ .. _........ 1 
lncertre sedis ..... __ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

AVES, (3.) 

Incertre sedis . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

REPTILIA, ( 44.) 
Crocodilia ........... _.. . . . .. _.. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 8 
Testudinata .......... _ - . . . . . . . . . . . __ ..... _ . . . . . . . . . . . . . . . . . 32 
l.;acertilia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Ophidia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 1 
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BA'l'RACHIA, (1.) 
Species. 

Incertre sed is ............................. ~ . . . . . . . . . . . . . . . . . . . 1 

PISCES, (26.) 

Ginglymodi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
llaleoollllorphi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

' N ematognathi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Plectospondyli.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Isospondy1i ... .. ............... _............................. 3 
Percesoces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Percomorphi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 2 

. Total number vertebrata ......... . ....... . ................. 120 

Character of tlu; types of Vertebrates.-Professor Leidy, in his report 
on this subject in 1871, (Geological Survey of l\Iontana, p. 353,) an
nounced the presence of Carnivora, Insectivora, Rodentia, Perissodactyla, 
and Artiodactyla Omnivora, concluding that Quad·rumana, Ohiroptera, 
Proboscidia, Artiodactyla, Rurninantia, Edentata, and JUaTsupialia were 
wanting. He also observed the entire absence of horses. The results 
of the survey of the present year confirm these statements as to the 
presence of the orders first mentioned by Professor Leidy, excepting 
that of the Artiodactyla, the existeuce of which in any form at the period 
in question remains uncertain. The entire absence of the Rwninantia 
and of the single hoofed eqniues is fully confirmed. On the otller h<:md, 
I haYe been aLJle to add Quarirmnana and Proboscidia, while Marsh, who 
discoyered the former nearly coincidentally with m;yself~ has obtained, 
in addition, Chiropte·ra au<l 1Jlarsupialia.. Thus the fauua embraced an 
extensive series of types of :Mammalia, whose characters it will be well 
to glance at in review. · 

Of the quadrnmana none are typical forrus, and all are much more gen
eralized than the existing families. Of the six carnivora, two, at least, 
are f~tr from recent forms, and combine important features now found 
jn distinct families. The proboscidia are all remote from Miocene and 
recent forms, combining features of perissodactyles. Of the perisso
dactyles, six species (Byrachyus) pertain to a persistent type, which still 
exists, while eight species (Palmosyops, Limnohy~ts, and Orohippus) com
bine the characters of the tapirs with the bunodont type with power
ful canine teeth, from which also the artiodactyla omniyora sprung. 
The genera marked "Incertre sedis" are all or nearly all genm•alized 
forms, haviug affinities to the group in question. The rodentia, so far 
as known, appear to be more or less similar to living types. Of the 
forty-five species of Mammalia enumerated, at least twenty-eight may be 
regarded as generalized in a high degree, while n,ot a few others will 
probably be fdund to present the same peculiarity within a lesser range 
of variation. 

The ordinal characters of the Reptilia are well defined, and there is 
nothing known among Crocodilict remarkabl,v distinct from those exist
ing at the present time. The same may probably be said of the Lacer
tilia and Ophidia, though their genera are not so well known. It is in 
the tortoises that we have evidence of generalized forms again, which 
only relate, it is to be noted, to the subdivisions of the erder, and not, 
as iu tlle Mammalia, to other orders. Of the thirty-two Rpecies, ten be
long to typical forms now existing, and nine ( Trionyx, Dernnatc'mys, and 
Hadriwms) to forms which exist or closely resemble existing genera, 
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but which are somewhat mixed in character. Thirteen represent genera 
(Baena, Anostira, PlastOJnenus, Axestus) which are extinct and general
iz-ed in character, the first three in an especial manner, as has been 
pointed out,. 

The orders of the fishes are equally well distinguished, and so far as 
known, tlw types differ only in minor respects from those at present in
habiting North American waters. Generalized types are unknown, ex
cepting, perhaps, in the Yery highest division. (Erismatopterus, Asine
ops.) 

As a result of this and other pah:eontological investigations conducted 
largely in North America, and substantiated by those in other countries, 
the periods of establishment of the existing order of things in the his
tory of the Yertebrata, may be stated as follows : 

The recent orders of fishes were in existence in the Cretaceous period, 
and probably earlier. Their period of evolution was in the Devonian, 
and perhaps in the Carboniferous periods. The existing orders of rep
tiles were all established in tlle Eocene; the period of evolution was 
the three Mesozoic ages, especially the Trias. The orders of birds were 
inchoate in the Cretaceous, but when they were fully differentiated is 
unknown. The existing orders of Mammalia were established in t,he 
)Iiocene period; during the Eocene they were in process of differentia
tion and were less or scarcely distinctly defined. 

On the Phylogeny of the Mammalian Orders.-So much light is thrown 
on tllis subject by the researches into the structure of the fossil Mam
malia of the Eocene formation, that it seems opportune to call attention 
to tlw subject. I deem it demonstrated to a certainty, that the case 
with the mammals of this formation is the same as witll the reptiles of 
the Trias, i. e., tllat the family types are all more generalized, and the 
orders not nearly so widely distinguished as in later periods of the 
world's history. 

The succession of later forms which bas terminated in the horse, has 
been clearly pointed out by Professor Huxley, as well as the line which 
has given the world the beautiful order of the Artiodactyla; but the 
approximate lineal predecessors of tlle Proboscidia, of the Ungulate 
animal::; as a whole, of the Quadrumana, (including man,) and of the 
Carnivora, have not been clearly pointed out. 

The genus Eobasileus has been shown* to be a Proboscidian which 
combines some important features of the Perissodactyla with those of its 
own order, thus standing in antecedent relation to the elephants, &c., of 
the present, day. The number of snell characters was showu to be some
what increased in Bathmodon, which tllerefore stands stilluearer to the 
common point of departure of the two orders. This point is to be found 
in types nearer the clawed orders, (Unguiculata,) in the number of their 
digiEs, (4-5,) and in which the transverse and longitudinal crests of the 
molar tet>th are broken up into tubercles more or less connected, either 
type of dentition being derived according as such tubercles are ex
panded transversely or longitudinally. We have sm"eral genera whieh 
answer this description so far as the teeth are concerned, but unfor
tunately the digits are unknown; such are Oligotornus, Orotherium, &c. 

The type of Tomitheriu.rn, already described, evidently stands between 
Lemurine monkeys and such small allies of Palwotheriidce, with conic
tubercular teeth, and which abound in the Bocenes of Wyoming and 
France. The dentition of the two types is indeed but little different in 
the Quadrumanou::; and Ungulate types respectively, being a continu-

"On the short-footed Ungulata of Wyoming, page 3. 
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ous series of I. 2 or 3; 0. 1, P.l\f. 3-4; M. 3; the canines but moderately 
developed. 

A comparison with Nasua reveals no distant affinity. As above re
marked, tlJe fore-limb presented a great simihnity in tlJis genus and 
1.'omitherium. The teeth, tlJough less numerous, in the molar series have 
the cutting type anterior and tubercular posterior, in both genera. 
Nothm·ctus, Leidy, resem·ules Nas~w, still more than does Tomitherium, 
and occurs in the same Eocene strata. Professor Leidy originally re
garded it~as a Carnivore, and subsequently (Hayden's Survey Montana, 
1871) placed it among Ungulates. He was probably nearly correct on 
both occasions, and that only a technical line will ultimately decide 
whether it be not a monkey. 

But the genus which associates more definitely the orders Carnivora 
and Quadntma,na is the Oercoleptes, which F. Cuvier* placed between 
the two. Its two cutting premolars and three true molars, with the co
ossified rami of the mandible, are truly Qnadrumanous features, although 
it should on other grounds be regarded as a plantigrade Carnivore. 
SeYeral of the extinct genera of the W yomiug Eocene will prove to be 
allied to this form. 

Oercoleptes does not, however, present us with the ~tltimate original 
type of the Octrnivora. Such a type must also generalize the seals, with 
their longitudiual, cone-bearing molars, and. tl.at, fissured. claws. Some 
of the seals also unite the scaphoid. and lunar bones later in life than 
other Carnivora, ; hence we would reasonably look for the division of 
these bones in their predecessors. The flat-clawed genera of Wyomingt 
answer these demands. The genera 1l1esonyx and Synoplotherium pre
sent ns with a series of molar teeth which repeat each other in form, 
are compressed below, and bear conical cusps. The jaws in the latter 
genus are slender, and the canines tend to the great development sePn 
in many seals; but principally, the scaphoid and lunar bones are dis
tinct, and the cla,-,vs tl.at and widely fissured. The tympanic bone is 
more like that of the bear and some seals, than that of the digitigrade 
Carnh'ora. These genera, tlwugh probably good swimmers, were well 
removed from the seals in the structure of the long bones of the limb~, 
and were prouably remote in their ancestry. 

In Oligotomus, Orotherium, Hyopsodus, and similar forms, the conic 
tubercles have a slight alternation, and the posterior, which has a, cres
centoid section in wearing, inclines to connection with both the inner
conic tubercles by low ridges. These ridges are fully developed in 
Palmosyops, so that we have a dental crest of two V'~ in the inferior 
molars. This, in weariug, produces the two crescents of Palccuthe1·ium. 
The addition of two tubercles on the inner side takes place in the higher 
forms, which terminates in tbe four crm;cent-bearing molars of the 
Ruminants. How this is clone is best proven by examples from the 
maxillary teeth. 

In Orotherium vasacciense, there is a tendency for the conic tubercles 
to be connected in pairs by low cross-ridges. These ridges, fully de
veloped, produce the two cross-crests of Byrachyus and Tapirus. In 
Rhinocerus, tlle outer portion retains a crescentoid form, giving rise to an 
L-shaped crest. In Bathmodon diagonal ridges appear. which would 
result. in two V's, as in Palmosyops, were it not that both transverse and 
oblique elements of the posterior V disappear, leaving but one such in 

" Dentes de~; mammifers, p. 31. 
t See the Flat-clawed Carnivora of Wyoming, by E. D. Cope, April, 1873. 
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the middle and posterior part of the mandibular series. In Uintatlwriwn 
the diagonal from the posterior crest never appears, leaving a trans
verse crest and a V on the true molars. 

In the superior molar series, the exterior flattening of the exterior 
tubercles may proceed so far as to give crescentoid sections on wearing·, 
and their lougitLHliual extent may be sueh as to cause them to unite at 
their bases. A similar succession of form may be seen in the inferior 
molars, e. g., in Orotheriwn sylvaticwm. In both Palcco8yops and Hyra
chyus, these tubercles (of the upper molars) are confluent into two V's 
(more or less open) when unworn. In the former, and in Limnohyus, the 
inner tubercles retain their primitive conic tubercular form ; bnt in 
.Palccotlw'rium, Bhinocents Lophiodon, Hyrachyus, and Tapi1·~ts, tlwy elon
gate transYerS{'ly so as to meet the corresponding outer tubercles, (now 
crests,) forming the familiar cross-crests of those genera. If the tuber
cles are alternate, they produce the oblique crest of .Palccotherium; if 
opposite, the cross-crest of Tapi-rus. An interesting annectant form is 
seen in Orohipznts procyoniwus, wbere tbe tw·o intermediate tubercles, 
which separate the inner cones from the outer V's in Limnohyus, are so 
develope<l as to constitute parts of an incomplete pair of transverse 
ridges, which disappear in front of the bases of tlw outer V 7s. These 
represent the oblique crests of Palccotl~erium and Anchitlwri'lmz, and thus 
the genus Orohippus furnishes a station on the liue from Palceosyops to 
the horse8. 

If, on the otller band, the inner tubercles flatten like the outer on 
wearing, we have tlle quadricrescentoid type of Anoplotherimn and the 
Rurninauts. 

But it is important to observe that the lower types of Quaclrnrnana 
and Carnivora, present the qnadritnberculate crown with tendency to 
flattening of tlle outer tubercles, as seen in these lowest Ungulata. In 
the Carnivora tlte sectorial tooth is prodnced by the greater flattening 
and partial confluence of the outer tubercles, and the entire loss of the 
inner, the ''heel" being iu the dogs and cats, e. g., their on1y,represent
ative. In the (~uadrnmauous families, including man, the primitive 
quadrituberculate type of molars is preserved, the flattening of the 
outer tubercles being finally lost. 

It is to be observed that the lines of Ungulata, Quadrumanct, and Car
nivora originate in plantigrade types, a sta.te of things quite predomi
nant among the lower series, or Lissencephala. It is universal in Eden
tala and very usual in Rodentia and Insectivora. The lower forms. of 
]}Jarsupialia and all of the jJfonotrernes present it. In the Marsupials, 
Hode11ts, Ungulates, and Carnivores, we have series whose highest ex
pression is iu the rno:st highly digitigrade gener<t. 

The accompanying diagram is designed to express to the eye more 
clearly the propositions wade above. By compariug it with a similar 
table published by Professor Gill, (Proceedings of the American Asso
ciation for the .A .. dvancement of Science, for 1871, p. 295,) a close resem
blance between the two may be observed, as well as certain differences. 

I wish to be understood that the genera named in it as ancestors are 
to be regarded in the light of types of groups. There is no other mode 
of explaining the facts than that in accordance with the law of "homo
logous groups," i. e., that several genera of one group ha\"e undergone 
similar modification into corresponding ones of a second group.* 

*See Origin of Genera, page 79, Prop. V. 
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llY.iENA. 

I 
1 PINNll'EDIA. FELIS. 

J· 
CANIS, 

I 
H ycenodon. Unsus. NASUA. 

I 
Synoplotboritlru. CERCOLEPTES. 

I 

HOMO. 

I 
SDIID.iE. 

I 
CEBUS. 

I 
HAP ALE. 

I 
LEMUR. 

I 
Tomithorium. 

I 

RuM'T'""· EQr·· 
TRAGrU~ Hipp

1
ri<m. ElHA'· 

Anoplo'lorium. AnohiT>"iu~ Dinotrum. 

O>mvonA. /''PP"'· /"'"'"'· 
Palreoo~uoilon. 

~ Oligotomus. 

' Nom.-Recent genera in S~IALL CAPITALS: Miocene in italics; and Eocene in roman. 
1 

On the phylogeny of the genera of Testudinata.-The extinct tortoises 
of tue Cretaceous and Eocene throw con~iderable ligllt on the probable 
origin of various exi8ting genera,* auu while much remains obecure, 
tile following ob8eryatious may be derived from tile stLlUY of the forms 
in q ue~tion : 

The order mnkes its appearance in the Triassic period, for I am as
sured by Dr. P. Endlich, of Heading, Pennsylvania, that the species 
ol.>tained by Profes8or Quenstedt in Wiirtem burg be1ong uudoubteuly 
to the !Pestudinata. vVith t!Jeir special structure we are not J7 et fnlly 
acquainted. A number of g(-'nera appear in the Jurassic, and there is 
a successive increase in the number of species in the Cretaceous and 
Tertiary formations. Three structural features of importance mark the 
earlier forms. First, the incomplete union and ossification of tlte ele
ments of the plastron and carapace; seeond, the reduction in size of 
the lobes of the plastron; third, tlte natatory character of the pha
langes, by their truncation and union in a single plane. Genera, re
taining some or all of the peculiarities, persist to the present day; but 
t,!J.e ossified types, with distinct digits, are far more abundant, and are 
comparatively rare in the period of the .Jura. Sphargi.'?, which is with
out carapace and has a greatly reduced plastron, may be regarded as 
nearest the primitive types of the order, though it still exists. Protos
t(!gc(,, of the Kansas Cretaceous, is its nearest extiuet ally known. Pro
tm;tega, is superior in the well-developed marginal bones, and prepares 
the way for consideration of the various genera, with incomplete shields 
of t!Je _present period (Chelone) or of the .Jurassic; tlle former possess
iug the natatory extremities, some of the latter assuming a terrestrial 
modification of limbs. Those with ambulatory limhs lead us at on~e 
to the existiug Chelydra, the closing of tb~ sternal fontanelles being ac
companied by a contraction of its extent, in respect to the bridges and 
lobes. ln Propleura of tile Cretaceous we have a state of things inter
mediate between some of the Jurassic genera, as Idiochelys and Ohelone. 

"See on the Extinct Tortoises of the Crataceons of New Jorse~-; Proceedings 
Amer. Assoc. Adv. Science: 1871, p. 344. 
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These genera had a common origin near the Jurassic pre<lecessor of 
Protostega. 

Trionyx appears to represent another point of departure. Its plastron 
presents a grade of development near to that of Propleura, aud its nine 
costal bones have a similar significance. Its half-ossified carapace, 
wanting the marginals~ is inferior. Its peculiar sculpture is seen in the 
Eocene Angstira, (which is much like Ohelyd1·a in form,) and in Adocus 
of the Cretaceous, which adds Ohelydrine and Pleurodire characters in 
a remarkable manner. It is closely joined by Plastomenus, which is in 
turn near to A nosti1'Yt. 

The ,Jurassic genus Aplax Myr., is nearly as deficient in ossification 
of carapace and plastron as Protostega, and is allied to the Ollelydrid 
series, which existed cotemporaneously and during tlle Oretaceou~. 
Idiochelys represents a rather more advanced form, with distinct mar
ginal bones, and with affinities to Ohel~Jdra of a <lecided character. It 
·was probably its ancestor. Allied to it we have such forms as Adocus 
and Bcena, which, while furnished with fully ossified shell, still preseut 
the contracted form of plastron seen in Idiochelys and Ohelydra., and 
several points of affinity to the Pleurodire series. ~'rom some common 
ancestor of these sprang also the true Pleuroderes of the Cretaceous, 
as Taphrosphys _: wllile, by the omission of most of the tendencies to
ward tllat series, we have the genus of Emydidce near to Adocus, 
Dennatemys. From this point we pass to true Emydidce, and thence, by 
the loss of a series of pllalanges, to 1.'estudo. From 'l'aprosphys we pur
sue the Pleurodire series to tlle .similarly modified type, Pelomedusa . 

The accompanying table expresses the relations indicated, supposed 
to be genetic, and in accordance with the theory of evolution: 

TESTUDINIDJE. 

I 
Emydidce. 

XoTB-Jurassic types in roman; Cretaceous to recent , spaced; E ocene to recent, italics; Miocene 
to recent, SMALL CAPITALS. 





ON REMAINS OF PRIMITIVE ART IN THE BRIDGER BASIN OF 
SOUTHERN WYO~IING. 

By Professor JOSEPH LEIDY. 

Fort Bridger occupies a position in the midst of a wide plain at the 
base of the Uintah Mountains, and at au elevation of upward of 6,000 
feet above the sea-level. The neighboring country, at a remote geolog
ical period, appears evidently to have been occupied by an immense 
fresh-water lake, and the ancient lake-deposits now form the basis of 
the region. These deposits have been subjected to a vast amount of 
erosion, resulting in tbe production of deep valleys· and wide basins, 
which are traversed by Green River and its tributaries. From the 
vallejT of Green Hiver, the ancient lake-deposits rise in succession as a 
series of broad table-lands, or terraces, and narrower flat-topped hills, 
which extend to the flanks of the surrounding mountains. 

The snows of the Uintah, vVahsatch, and other mountain-ranges are 
a never-failing source of supply to the principal streams; but most of 
the lesser branches, dependent for their supply on the winter snows of 
the lower hills and plaius, completely dry up· on the advance of summer. 

The country for tlle most part is treeless, and destitute even of large 
shrubs, except along some of the water-courses and in some of the
narrower valleys. At a greater elevation the higher foot-hills and 
flanks of tlle Uiutah ~Iountains are covered with a dense forest growth, 
from which the rocky summits of the latter project, as bare of vegeta
tion as the plains below. 

The elevation of the Bddger Basin and the very little rain-fall of the 
regiou are conditions unfavorable to a luxuriant vegetation. The prin
cipal growth of the plains consists of sage-bushes, (A.rternisia tridentata,) 
intermingled, however, with many other less abundant, and, in proper 
season, bright-flowered plauts. Wide, bare, path-like intervals sepa
rate the bushes, or the interspaces are occupied by scanty grasses. 

The flat-topped hills or table-lands arising from the valleys and 
extended plains, independent of the higher mountain-ranges, form the 
most characteristic feature of the landscapes in Southern Wyoming. 

The flat-topped hills or terraces, worn into all sorts of shapes, some
times appearing in the distance as extensive fortifications, at others as 
great walled cities, huge castles, pyramids, mounds, &c., are familiarly 
'known under the name of buttes. This word is of French origin, and 
signifies a bank of earth or rising ground. Similar features under simi
lar conditious are frequent in many parts of the continent west of the 
Mississippi. 

The buttes in the neighborhood of Fort Bridger are composed of 
nearly horizontal strata of various colored indurated clays and sand
stones. In most localities visited by the writer the clays predominate, 
and are usually greenish, grayish, ash-colored, and brownish. When 
unexposed they are compact, homogeneous, and of stony hardness. In 
composition they vary from nearly pure clay to such as are highly 
arenaceous, and gradate into those in which sand largely predominates. 
Exposed to atmospheric agencies they readily disintegrate, and the 
declivities of the buttes, generally destitute of vegetation, are usually 
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invested with crumbling material from a few inches to a foot or more in 
depth . 

.._ 'fhe sandstones are more frequently of various ~hades of green, but are 
also yellowish, and pass into shades of brown. They are compact and 
bard when unexposed to the "eather, and are usually fine-graine<l, but 
also occur of a gravelly character. Disintegrating less rapidly than the 
eoutiguous clays, masses are often seen resting upon narrow cones of 
the latter, contributing greatly to the picturesque and ofttimes fantastic 
appearance of the buttes. 

'fhe buttes in some localities contain beds of impure limestones, 
highly calcareous clays, and harder siliceous clays. In others they con
tain thin seams of fibrous arragonite, brown and striped jaspers, flint, 
and not unfrequently nodules of agate and chalcedony. Many of the 
table-lands and lesser buttes in the vicinity of the Uintah l\1ountains 
are thickly covered with drift from the latter, consisting of gr~wel aud 
bowlders of red and gray compact sandstones or quartzites. The 
bowlders are generally small, but assume larger proportions approach
ing the Uintahs. In many cases the drift completely covers the buttes, 
descen<ling upon the declivities so as entirely to conceal their structure. 
Usually, however, it is accumulated in the ravineR of the declivities, 
leaving bare the intervening ridges of light-c.olored clays and sand
stones. 

Many buttes in other localities are nearly or quite free from drift 
materials. ( )thers, again, are 8trewn with· more or less angular frag
ments of rock, consisting of the harder materials from the terraces 
themselves, and these likewise occur with the mingled drift from tile 
mountains. In some localities the stones strewn over the lower buttes 
aud plains are broken and flaked in such a manner as in many cases to 
assume the appearance of ru<le works of art. With them there are 
~uiugled implements of art of the rudest construction, together with a 
few of the finest fi11ish. In some places the stone implements are so 
numerous, and at the same time are so rudely constructed that one is 
constantly in doubt when to consider them as natural or accidental and 
when to view them as artificial. Some of the plains are so thickly 
strewn with the natural and artificial splintered stones that they look 
as if they had been the battle-fields of great armies U.uring the stone 
age. 

Representations of a few of the flaked stones are given in Figs. 1 
to 12. These with little doubt may be viewed as rude implements of 
art. The vast numbers of similar stones to be found on the buttes and 
plains near Fort Bridger, and their gradation to undoubted accidental 
fragments with which tiley are mingled, alone renders it improbable 
that they should be considered as such. 

The splintered stones, including the implements of art, appear greatly 
to differ iu age. Some of the specimens of black g,nd brown and striped 
jaspers, and of black flint, resembling the chalk-flint of Europe, are as 
sharp and fresh in appearance as if they had been but recently broken 
from the parent block. Others are worn, and have their sharp edges 
remove<l, and are so deeply altered in color as to look exceedingly 
ancient. Thus some of the specimens composed of brown or black 
iasper have the surface of a dull, chalky aspect extending to the depth 
of tile fourth of an inch. 

The question arises who made the stone implements and when, and 
why should they occur in such great numbers in the particular localities 
indieated. 

My friend, Dr. J. Van A. Carter, residing at Fort Bridger, and well 
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acquainted with the language, history, manners, and customs of the 
nei~hboring tribes of Indians, informs me that they know nothing 
about them. He reports that the Shoshones look upon them as the gift 
of God to their ancestors. They were no doubt made long ago, some 
probably at a comparatively late date, that is to say, just prior to com
munication of the Indians with the whites, but others probably date 
centuries back. Their great numbers in particular localities may per
haps be accounted for from the circumstances that the neighboring 
buttes may have been especially the places resorted to for the materials 
of which the implements are made, and the ruder ones were perhaps 
cast aside. Tue decomposition of the surface of some of the jasper 
and flint specimens may be looked upon aR indicative of considerable 
age, though this change may have taken place more rapidly than ordi
narily, from the action of alkaline matters with which the soil of the 
country is often much imbued. 

In an excursion to Grizzly Buttes, about ten miles from Fort Bridger, 
I olJserved what appeared to be the remains of the basin of a large 
pond or lake. The surrounding buttes were low mounds, the remains 
of the once more elevated boundaries to the supposed lake. Upon the 
edges of this I noticed numerous spawls of stone, and among them a 
number of well-finished stone arrow-heads. They appeared to me to be 
the traces of a people who once camped on the shores of the lake, which, 
perhaps, has been drained for some centuries. 

The Indians, in seeking a site for their temporary or more permanel!t 
abodes, would naturally select places where there was a supply of water 
and fuel, fiS well as of game. In repeated instances, after traversing a 
desert waste, I have been led to look upon some sheltered valley, or a 
hollow in the hills, green with vegetation and furnished with a spring 
of water, as having been formerly occupied by Indian lodges, and in all 
cases the view was confirmed by the discovery of a number of charac
teristic stone implements. 

In this relation I may take the opportunity of speaking of a stone 
implement of th€! Shoshone Indians, one of so simple a character that 
had I not observed it in actual use and had noticed it among the mate
rials of the buttes, I would have viewed it as an acci<lental spawl. It 
consists of a, thin segment of a quartr.;ite bowlder, made by striking the 
stone with a smart blow. The implement is represented in Fig. 13, 
and is circular or oval, with a sharp edge, convex on one side and flat on 
the other. It is called a "teshoa," and is employed as a scraper in 
dressing bnfl'alo-skins. By accident I learned that the implement is not 
only mgdern, as I obtaim'\d one of the same character, together with 
some perforated tusks of the elk, from an old Indian grave, which had 
been made on the upper part of a lJutte, and had become exposed by 
the gradual wearing away of the latter. 

The perforated tusks of the elk are also a subject of some interest in 
connection with thR history of primitive man. The tusks are worn in 
the form of a uecklace, as ornamental·trophies, by the Shoshone and 
other India us of the West. In a recent num lJer of the American Jour
nal of Science and Art for 1872, in a notice "On fossil man of the cav
ern of Brousse-rousse, in Ital.v," it is stated that besides a human skull 
associated. with the bones of many extinct animals, there were also 
found smTeral flint knives and a number of perforated canines of the 
stag. It would thus appear that primitive man in Europe as well as in 
this country used the same kind of ornaments, as he did the same kind 
of stone implements. 

Fig. 14 represeuts one of the perforated canines or tusks of the 
elk, found in the Indian grave as above indicated. 





ANCIENT MOUNDS OF DAKOTA. 
By C. THOMAS, Ph. D. 

While at the Northern Pacific crossing of James River, in Dakota 
Territory, duritlg the past summer, I was informed by the officers of the 
military post at that place that there were some mouuds in the vicinity 
which were supposed to be artificial. 

Colonel Burke, who was in charge of the post, very kindly cousenteu 
to allow several soldiers and some Sioux scouts, who were willing to 
accompany us to assist in opening one of these to test the correctness 
of this opinion; and General H. \V. Thomas, who took great interest in 
the su~ject, agreed to conduct the operations. 

These mounds are situated on a high prairie east of Pipestone Creek, 
about two miles southeast of Jamestown, near the l>luff wllich over
hangs the narrow valley of the creek. The position is a commanding 
one overlooking a large extent of country toward the uorth and west, 
hut to the south and east the prairie rises a little higher than at this 
point, but between this point and the higher grounu in the latter direc
tion there is a broad slight depression. 

The three mounds in this group are situated in relation to each other 
as represented in the annexed wood-cut, and are connected with each 
other by low ridges, evidently the remains of walls of some kind. 

A, the central mound, is the largest, being about 210 feet in circum-
Fig. 56. ferenceatthe l>ase;asljudged 

by carefully pacing it; it is 
N about 8 feet high in the cen-
A ter, the top having evidently 
II\ been worn down considerably 

by thP, wiEd, rain, &c., and 
the material deposited around 
the base perhaps slightly en
larging its original circumfer
ence. A badger-hole entered 
near the apex, penetrating it 

-. .. ··... obliquely some 4 or 5 feet. 
·. ·. B, situated to the southwest 
· ...... ·· ... of A, about 144 feet distant, 

is nearly as large as the lat
ter, and appareutly similar in 
every respect except that it 

appears to be more \Yorn and not quite so regular in its outlines. 
0, the third, is situated about 36 feet almost directly east of A, and 

is about half the size of that mound. 
lJ and E are the low ridges connecting these mounds; they are about 

15 to 18 feet broad, and from 2 to 3 feet high. Another broad and 
somew!wt indi~tinct I~idge, marked F in the cut, runs southeast from 
A, fadmg out at tlle distance of about 400 feet. 
. Oom~encing on the !lorth ~ide of A at G, we made an opening about 
3 feet wide and extendmg a little beyond the center. About 2 feet from 
the surface, near the center, we began to find human bones and the bones 
of an animal, apparently those of the l>uffalo; the remains of only one 
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or two individuals were found here. Below these a few rocks, but by no 
means regularly placed, were fo~nd; next we came upon the remains 
(human) of a number of individuals, at which point we ceased operations. 
Some six or seven individuals were disinterred. There did not appear 
to be any great regularity as to the position of the skeletons; in one 
caRe the face was upward, two on the side, and one perpendicular, 
(though in this instance the body did not conform to the position of the 
skull.) In most cases the heads appear to be toward the south. Over 
the bo<lies there was a layer of some hard mixture, much like mortar, 
containing a white or ashy substance resembling the alkaline deposits of 
this section. 1\-finglell with the bones near the top, as before stated, 
were those we su:Jposed to be of the buffalo; a beaver-tooth was also 
found, but no implements of any kiiHl were obtained; yet~ as we did not 
go to the bottom~ we could not say there were none there. Some bones 
of small animals were found near thb surface, but these had evidently 
been carried into the badger-hole. 

The Sioux scouts, who were full-blood and unable to speak English, 
showed no disgust or hesitancy at the work, handling tbe bones with
out objection, and when a~ked if they knew anything about these mounds 
shook their liCads in re!Jly. 

The layer of hard asb-colored earth is somewhat difficult to account 
for unless we suppose :fires were kin<lled here after the bodies were 
buried and coYered, for funeral rites or &orne other purpose. 

"\Ve dug into and for some distance al0ng the middle of the ridge or 
embanlnnent D, but could discover nothing to iiHlicate that it bad eYer 
been more thau a, simple dirt embankment or wall, possibly of sod, as 
we often see the settlers of the present day make in these western prairies. 

As I have uot studied these ancient remainB of the former inhabitants 
of this conutry, nutl do not desire to speculate iu regard to tlwm, I take 
pler~sure in adding the following notes furnished by General Thou1as 
respecting these and. some other mounds he opened iu this section pre
Yious to my arrival: 

"Lt>wis and Clarke reported seeing Indian monnds 1, 000 miles above the conflumH'e 
of tlle Ui::;si~sippi and .Missouri, but this report is not verified." So says Mr. Johu D. 
Bald win, A. M., in his work entitled "Ancient America." 

I now and here propoHe to contribute my mite toward the verification of the state
nwnt of Lewis and Cl:~rkc . 

The few men whom dnty or wild inclination have from time to time brought into 
this, for the most part, nniuhabited region oftreelcss prairie, have all kuown of the exist
ence of thousands of artificial mounds. ·what was in them they knew not, aud lmt two or 
three, to my knowledge, have ever been opened. On August 16, 1872, I opened one on 
the high table-lands that spread out on both sides of a little stream called the James. 
The point is about 47° north latitude, uml 98° 38' longitutle \\est from Greenwich. It is. 
within three miles oft he line of the~ North Pacific Railroad. The mound is circular in form, 
~01~ feet in its shorter, and 35i"t feet in Hs longer diameter, and five feet high. I 
opened fonr trenches, three feet wide, from the outer edge, meeting in the center, form
ing a cr\J t-S when fiuishcc1. I then excu.Yatcd the entire mound from the center ont
,\·ard, until there was nothing more to find. For results I had several two-bushel bags 
fnll of bones, eight skulls, many pieces of skulls too small to be of value, (thflre mnst 
have been at least twenty-five bodies buried there,) a rough-hewn stone 10 inches high 
and 5t inches in diameter, in shape resembling closely a conical shell, a cuttiug 
h::tlf au inch deep around the center, thns, (This wa~:> evidently tied with 
thongs to a stout handle, and used in pnlveriz iug their maize.) A portion of~ 
shell necklace, two flints, two heads of beaver, aiHl some bones of animals un
known, and a large quantity of bivalves, much like the clam (Jlya oblongata) of our 
Atlantic coast, out thicker, antl the interior surface much more pearly. 

Is this mound, and Hs thousands of duplicates all over this country, the work of the 
pre:oent race of Indians, or is it not? 

1. Tho Indians here aod their habits have been known for some eighty years. They 
always have burie<l their dead in trees and on slight and insecure scaffoldings, and they 
never meddle with them afterward. 

2. I had two Sioux Indians (mounted scouts) with me. I made them help dig. 
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They had not the slightest objection, were full o.f curiosity, and saJ~ they knew nothing 
of who was buried there. Had these been theu ancestors, trad1t10n ·would have pre
served the fact. They take any meddlinJ with their dead in high dnllgeon, as was 
instanced lately. A surgeon at a ueigbboring post took the body of a little papoose oft' a 
scaffold where it lay. The tribe pursued him, represented themselves as outraged, 
and the post commander wisely ordered it given up. If, then, mounds had been the 
burial-places of the ancestors of the present Indians, they would have known it and cer
tainly objected to the desecration. Two half-breeds also rode up, watched me some 
time with the greatest curiosity, said they knew nothing of these mounds, and finally 
roue away on their little Indian ponies, their long lariats of untanned buffalo-hide 
trailing behind them on the ground, and examined with unfeigned curiosity other 
neighboring mounds. They had evidently received a new revelation as to them. 

Again, the Dakotas or Sioux are supposed, on good authority, to be a branch of the 
Iroquois. This tribe and t.heir habits have been known ever sinee tho eastern coast of 
North America was discovered and settled, and we hear of no s;ucb. custom among 
them. 

3. The mounds and their conteHts are apparently of great antiquity. They are, in 
ever~T case, on the very highest point in their immediate neighborhood, and perfectly 
drained. The climate is excessively dry; so dry thttt the James Ri\·cr is entirely dry 
at a point about 500 feet above the contempl::tteclrailroad-bridge acros:; tbt>: river. Not
withstandin~ this, many of the bones crumbled into white dust on being brought to 
the air, like tlwse found in Herculaneum an!l Pompeii, and it was absolutely impossi
ble to get out a single oue in anything like perfection. Around and over these bodies 
stones and s:icks were placed, doubtless to prescrYo the remains from the coyote and 
the fox. The woou could be rubbE-d into fine yellow-brown dust between the thumu 
and forefinger. AMy tra.ce of excavation around the mound for dirt to heap it with 
bad been entirely oblitemtel1. The upright position of the skulls also indicated that 
the bodies were buried in a sitt.ing posture. The leg-bones, however, lay lower and 
horizontal. 

4. The number of mounds indicates a denser population than ever has been known 
here, or than the natural resources of this region can now support by the chase. At 
the same time the number of dry lakes scattered all over would indicate that at some 
remote period the country may have been a better one than now, and supported a 
larger population. 

5. Tile crowning argument, however, comes with the skull. It is unlike that of any 
hnm:m being to-day alive on this continent; the frontal bone being low, receding, 
growing narrow aud pinched from the brows up; the top of the head depressed in t.he 
center. The cavity of tho cra.nium is full seven inches long, and a scant four and a 
half inches wide. Tbe orbital ridges or eyebrows are excessively <level@ped, like 
those of the great Gibbon monkey. In fact the whole skull resembles that of the great 
Gibbon monkey. Tho malar or cheek bones run down very low aml deep toward the 
lower jaw, are set very far to the front, and are not wide at top, but widen ve:ry much 
toward the bottom. The nose, and here is the anomaly, is much more ~qniline than 
that of the Indian. Tho superior maxillary is one-third deeper and much more promi
nent than the Indian's. The inferior maxillary is of uncommon prominence, deptll, and 
power far exceeding that of the Indian. The month is narrow and long, more dog
t!haped than the Indian's. The foramen rnagnurn or aperture at base of skull, where tlle 
spinal coni enters the bead, is peculiarly small. The condyloid pt ocesses are full, oblong, 
flat on the working smfaces, and at such an angle as to set the head upward and baek 
more than any race we know to-day ou this continent. Set one of these skulls, with
out the lower ja.w, on the taule, and a line drawn from the upper jaw perpendicularly 
upward would lJc a good inch and a half in front of the forehead. Set on the lower 
ja.w and it would be two inches. Mr. R. D. Guttgisal, formerly au engineer on the 
Mexican Central Railroad, in connection with some friends, opened a mound at Chi
hmtbua, on tht3 line of that railroad. The skulls resembled those I have described (so 
he informs me) in every particular. He especially remembers the somewhat bird
shaped head, and the excessively small foramen rnagnunt. The bodies were not interred 
horizontally there, but leaning baCkward as if in a rocking-chair. Professor H. H. 
Smith, University of Pennsylvania, bas one of the skulls. 

On the east bauk of the James, three miles from the mound described, is one four 
or five times as large. A heavy embankment, some 12 or 15 feet wide by 3 high, 
rnns nearly southwest 150 feet, connecting it with another mound. There is also 
another embankmt3nli at right angles, running southeast about 400 feet, growing flatter 
until lost in the prairie. . 

Accowpauied by Professo( Cyrus Thomas, of the United States geological survey, 
under De. F. V. Hayden, I opened one of these mounds, at the enu of August, 1872, 
and found the same kind of skulls, similarly disposed in all respects. The whitish 
color of the superincumbent earth astonished the professor, who is inclined to the 
opinion that funeral rites were celebrateu here. He was unable to account for the 
peculiar character of this rich earth and the ash-colore(llayer on any other hypothesis. 

42 G S 
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We cut through one of the embankments, and, turning a, right angle, followed it up 
along its center sufficiently to satisfy us that it contained no lmman remains. 

Who, then, were these northern mouu<l-builders f This question mnt~t be ans\Vere<l 
by those abler than I. I cannot refrain hazarding tl:le opinion, however, that the~· 
were an offshoot of the mound-builclers whose larger works are ~een as far north u~ 
Northern Ohio at least; that they deteriora.ted century after century in this ban·en 
northern section, until they became tlle people their skulls show them to have finally 
been; and so poor that a flint-headed weapon, a shell necklace, and a. stone for grind
ing their food, were all their starving, surviYing relatiYet:s could aftonl them on thPir 
sorrowful journey to tl!e spirit land. 

H. G. THOMAS, 
Captain Ttccntieth Infanfr!J1 Brei'. B1·ig. Gen. U. S . ..:L. 
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REPORT ON THE MA~DIALS AND BIRDS OF THE EXPEDITION. 
BY C. H. MERIUAM. 

SIR: I take pleasure in presenting my report on the mammals and 
birds collecteu during the past season for publication in your report. 

I desire to tender my thanks to Mr. S. W. Jaycox for his assistance 
in the collections. I collected, from the 5th to the . 21st of June, one 
hundreu and twenty bird-skins, and fifty-two nests with eggs. 

I wish to express my indebtedness to Mr. Platt, whose collections in 
my department would have been larger had he not also had charge of 
the alcoholic and botanical collections made by that branch of the expe
dition under your immediate control. I wish also to state that I am 
under great obligations to Professor S. F. Baird and Mr. Robert Ridg
way, of the Smithsonian Institution, for aiding me in various ways. 

The total number of bird-skins collected is three hundred and thirteen; 
of nests, with eggs, sixty-seven. I found no birds at Teton or Fire
Hole Basins specifically different from those colleeted at other places on 
our route. 

I remain, yours, very respectfully, 
C. HART 1.\-IERRIAl\f. 

Dr. F. V. HAYDEN, 
United States Geologist. 

MAMMALS. 

Ot•det• I.-RAP A. CIA. 

(Sub-order CARNIVORA.) 

Family 6.-:M US'l'ELID.<E. 

( S n b-family ..~.liartince.) 

Putori?.ts pus ill us, And. and Bach., (least weasle :) 

Smithsonian cata
logue-number. 

No. 1-----.,..----1 Sex. 

Skull. Skin. 

Date. 

7 12416 11102 Juv.f July 22,1872 Teton Basin, Idaho. 

Hab.-1\iinnesota to Paget's Sound; New York, (De Kay.) 
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Gulo luscns, Sabine, (Wolverine:) 

I Catalogne-numbm·. 

sex. Date. Locality. No. ! 
I Skull. Skin. 
I 

--
I 

51 I 11094 11094 d'! Aug. 10, 1872 Yellowstone River, \Vyo. 
I 

Hab.-Salt Lake and Blaek Hills,Nebraska, to Arctic America; (North
ern New York, Aud. and Bach.) 

(Sub-family Melince.) 

JJfephitis mephitica, var. occidentalis, Bd., (California skunk:) 

Smithsonian cata-
logue-number. 

No. Sex. Date. Locality. 

281 

Skull. Skin. 

12409 11095 t Aug. 13, 1872 Lower Geyser Basin, \Yyo. 
4::> I 12410 11096 t Sept. 8, 1872 Slwslwne Lake, vVyo. 
r.- I - June 5,1872 Ogden, Utah. ;)~ -----· ---- ... . -- .... - .... 

Hab.-High central piains to the Pacific. 

~Mephitis bicolor, Gray, (little striped skunk:) 

Catalogue-number. 

Nv. Sex. Date. Locality. 

Skull. Skin. 

r:,.. 11136 - I June 28,1872 Marsh Valley, Idaho. v• • .... ~ a- .,. .... • 

- -
Htlb.-Southern Texas a-nd California; northward to Idaho on western 

slope of Rocky 1\:Iountaius. 

Family 7.-URSID.fE. 

Urstts horr·ibiUs, Ord., (grizzly bear:) 

~0.1 Catalogue-number. 
Sex. Date. Locality. 

! Skull. Skin. 
I . ---
I 

July 24, 1872 Teton Canon, Idaho. Nl 12397 ·--------- 2 

Hab.~Plains of the Upper Missouri to the Rocky Mountaind, and 
along their base; thence to the coast of California. 
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Urwus Americanus, Pallas, (black bear:) 

Catalogne-num ber. 
No. Sex. Date. Locality. 

Skull. I Skin. 
j. 

~5 1 1239tl I·:---- ---- I 6' Aug. 10,1872 1 Henry's Lake, Idaho. 

Hab.-Uniteu States generally. 

01·del· 111.-RODENTIA. 

Family 9.-ScruiUD.ri~. 

Sub-family, Scinrincc, tke tnw squirrels. 
Sciurus hudsonius, Pallas., (reu squirrel:) 

I 
No. I 

Smithsonian cata
logue-number. 

Skul-L -~ - Skin. 
Rex. Date. Locality. 

-- ---~------

23 12421 11107 ~ \ Aug. 8, 1872 Henry'~> Lake, Idabo. 
:~o 1~4~2 11108 ~ Aug. 17,1872 Upper Geyser Basin, W~· o. 
31 124~:3 11100 ~ Aug. 20 1872 Lower Geyser Basin, Wyo. 
:37 12·!:24 J.......... Aug. 30; 1872 Fort Ellis, Mont .. 
:1-.: 124~;) ~ --- 1- 1. 1. 1. 3 ... 6' Ang. 31,1872 LowerGeyserBasin,vVyo. 
51 124~9 Sept. 17,1872 Snake River, Wyo. 
'I 

-

Jlab.-Labrador (latitude 56°) to Mississippi, and in the United Statt'S 
frt1m the Atlantic to the western slope of the Hocky Mountains. 

lkmias quad-riv-itatt'lts, Rich, (1\Iissouri striped squirrPl :) 

Smithsonian cata- I 

logne-nnmbcr. S 
__ ex. 

Slml_l._l Skin. 
Xo. Date. Locality. 

1 12444 11130 June 14, 1872 Ogden, Utah. 
29 12426 11110 6' Aug. 17, 187~ Upper Geyser Basin, Wyo. 
89 1~,1~7 11111 t Sept. 2, 187:l Do. 
40 l:M<!8 11112 t f-\t>pt. 2, 1872 Do. 
4:1 ......... 11117 .Juv. Bept.l:>., l t/.7 ~,1 R ead-wa,ters ofthe l\Indison, \V5·o. 
48 .. __ ... _. ll118 6 :-iep t. Hi, l t:l/2 ~uake Hi Yer, Wyo. 

;)::! --= .
1
_ 11119 I Se='~· 1~ 1~72 

1 
Dl_'· _________ _ 

llab.-Upper Missouri 'to Hocky l\lountaius, and west to the Cascade 
Range; along the Rocky Mountains as far south as Fort Stanton, New 
:1\lcxico. 

Spennophilus grmnnwrus, Bach., (line-tailed squirrel:) 

I 
Smithsm'liau cata- I I 

logne-numuer. S 
No. _ _ . . ex. Date. 

j Skull. Skin. J I 

5...

3

> ,~ 12445 111:31 ~-- .Tnn_e_1_~-,-18-. ~-~-:~~-0-g_d_e_n_, _U_tah. 
12446 111:32 ~ Jnue 1.), 18t2 Do. 

4 12447 11133 I June 17, 1K72 Do. 
Gfi 1244V j . 1ll:35 6'? June t: , 1872 1 Do. 

Locality. 



664 GEOLOGICAL· SURVEY OF THE TERRIT,)RIES. 

Hctb.-Head of Arkansas River; along the Rocky Mountains to So
nora; north ward to Idaho Territory. 

Spermophil~ts lateralis, Rich, (Say's striped squirrel:) 

Smithsonian cata
loguc-nnmber. 

No. !---------I Sex. 
Skull. I 

Ski11. 

Date. Locality. 

2j 12417 
I 

nio3 - Aug. 10, 18721 Henry's Lake, Idaho. 

Hab.-Rocky Monlltaius to Cascades, aud. between about latitude 38° 
2G' to latitu<le 4~0. 

Spennophilus mol lis, Kennicott: 

No.I 

Smithsonian cata-
logne-number. Sex. D.tte. Locality. 

\ 
Skull. Skin. 

61 12448 111:34 t I July 3,1872 Ross Fork, Idaho. 

Hab.-Rocky Mountain region. 

Spermophilzts townsendii, Bach., (Townsend's spermophile :) 

No. I 
Smithsonian cata-

logue-number. Sex Date. Locality. 

I Skull. Skin. 

16 12418 11104 - July 29, 1872 Teton Calion, Idaho. 
18 12431 11115 - Aug. 1,1872 Do. 
19 12432 11116 6 Aug. 1, 1872 Do. 
24 12419 11105 t Aug. 9, Ul72 Henry's Lake, Idaho. 

Hab.-Rocky J\1ountains, to the no:::th. 

A.J·ctmnys jlcwiv(;nter, Bachman, (yellow-footed marmot:) 

Smithsonian cata-
Date. Locality. No. loguc-nnmber. Sex. 

1-----.-----1 
Skull. Skin. . 

20 124013 ....... -.- .. , - Aug. 4,1872 'l'cton Basin, Idaho. 
2~ 12407 .............. - Aug. 7,1H72 North Fork, Idaho. 
58 12753 11197 t July 27, 1872 Near Fort Ellis, Mont. 
59 12754 11198 ~ July 27, 187~ Do. 

Hab.-Black Hills, Nebraska. 



GEOLOGICAL SURVEY OF THE TERRITORIES. 665 

(Sub-family Castorinm.) 

Castor canadensis, Kuhl, (American beaver:) 

Catalogue-

No. number. Sex. Date. Locality. 

Skull. 
-

8 12404 - July 22,1872 Teton Basin, Idaho. 
9 .. --- ... ---. - .July 22,1tl72 Do. 

11 12403 ~ July 24,187~ Teton Calion, Idaho. 

Hctb.-Throughout the entire area of North America. 

Family 10.-SACCOMYID.A3J. 

(Sub-family Geomyinm.) 

Tlwnwmysfulvus, (mountain pocket rat:) 

No.I 
Smithsonian cata-

logue-number. Sex. Date. 
-----

I 
Sknll. Skin. 

Locality. 

171 124:20 11106 ~ Jnly :10, 1872 Teton Calion, Idaho. 
34 1~·13J 111~6 - Jnly 8,1872 Fort Ellis, Mont. 

Hab.-San Francisco :Mountains, New Mexico, to Fort Yuma alHl San 
-Diego, northward in Rocky Mountains to Montana. 

Family 11.-MURID.A3J. 

(Sub-family Dipodinw.) 

Jaculus hudsonius, (jumping mouse:) 

SmHhsonian cata-

No. logne-number. Sex. Date. 

Skin. 

Locality. 

35 11120 t I Aug. 31,18721 Upper Madison Calion, Wyo. 
5() 11125 ~ July 14, 1872 Fort Ellis, Mont. 

Hab.-Nova Scotia, ( IJabrador, Pennant,) to Southern Pennsylvania, 
and west to the Pacific Ocean. 

(Sub-family JJ[urinm.) 

Jllus musculus, Linn., (common mouse:)-

No. I Catalogue-
number. Sex. Date. 

-;-I 11199 - ... ---. ---- -- .... Mont. 

Hab.-N_ orth America generally. 

Locality. 



GGG GEOLOGICAL SURVEY OF THE TERRITORIES. 

Hesperomys leucopus, var. sono-riensis, Lee. : 

No. Catalogue- Sex. Date. Loealit.~·· number. 
- ---- - --

42 11121 - Sept. 3,1872 Lower Geyser Basin, 'Vyo. 
49 11122 (f Sept. 16, 1872 Snake Hiver, Wyo. 
61 11~00 (f -- -,11372 Mont. 
62 11;201 (f -- -,1872 Do. 

---

Hab.-Upper Missouri and Rocky Mountains to El Paso and Souora: 

(Sub-family Arvicolinm.) 

Art'icola riparia, Ord., (bank mouf:le :) 

Catalogue-
. 

I 
No. number. Sex. Date. Locality. 

-

:~:~ 11123 (f Aug. 30,18721 Lower Geyser Bos;n, Wyo. 
3G 11124 - July 10,1872 Fort Ellis, Mont. 

Hab.-United Btates to Rocky l\'Iountains. 

Family 12.-llYSTRICID.i"E. 

Erethi.zon epixctntltus, Brandt, (yellow· haired porcupine:) 
/" 

Catalogue- , 

No. 
umnber. 

Sex. Date. Locality. ---
Skull. 

26 1 

-- - -
12405 ~ I Aug. 10, 1872 Henry's Lake, lllaJ10. 

Hab.-Upper Missouri; whole Pacific coai:lt. 

Family 13.-LEPORID.JE. 

Lepus callotis, (?) Wa.gler, (jackass or mule rabbit :1 

Catalogue-

Ko. 
number. 

Sex. Date. Locality. 

Skull. 

51 12436 - Jnne ~1, 187~ O~(len, Utah. 

Hab.-Northern Mexico, through Southern Texas, aud west throngh 
New Mexico to tile Hocky .L\Iouutaius, north to the Yellow~stone; Fort 
Boise, Oregon, (~) Southern Sonora.(~) 



) 
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Lepus baiTdii, Hayuen, (Baird's rabbit:) 

No.\ 

Smithsonian cata-
logue-unmbcr. 

Sex. Da,te. Locality. 

I Skull. Skin. 
-

~2 I 12411 11097 !; Aug. 29, 1872 Lower Geyser Basin, \Vyo. 
44 12412 11098 !; Sept. 7,187~ Shoshone Lake, \Vyo. 
46 12413 11099 (J Sept. 11, 1872 Lewis Lake, \Vyo. 
47 12414 11100 :] Sept. 15,1879. Snake River, Wyo. 
50 12415 11101 Juv. Sept. 17,1872 Hart Lake, ·wyo. 

Hab.-Pine regions about the head-waters of the vVind and Yellow
stone Rivers. 

I was fortunate enough to secure five specimens of this rare and re
markable rabl>it. Heretofore but one specimen of this sprcies has been· 

Fig. 57· 

LEPUS BAIRD01 HAYDEN, 

brought before the scientific world, and it (No. 4~63) is no'v on exuibi
f,ion in the Smithsonian Institution. It was collected in the Wind H.i \'er 
1\fountains by Dr. Hayden in the month of June, 18GO, and was describru 
by him in the American Natnrali~t. , (vol. iii, No. 3, l\lny, 1869.) Un
fortnuately the sex of tllis specimen was not determined. 

One very eurious fact rela,tiug to Lepus bairdii is that all the mnles 
have teats and t<Lke part in suckling the yonng. I say all tlle males, 
because four out of the five specimens procureu were adult males, and 
all had large teats full of milk, and the hair around tlw nipple was wet 
aud stuck to iti~ showing that they were then nursing tlleir ;yonug. 
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As we found no females, we thought this might be an hermaphroditic 
form; so Dr. Josiah Curtis and myself dissected a large male-No. 44, 
(1241~, 11008)-which we fouud to contain the usual genital organs of 
the male, but no uterus, ovaries, or other female organs. I dissected 
another old male-No. 46, ( 12413, 11099)-with the same result. I re
gret exceedingiy that I was unable to procure a female specimen; but, 
from the limited numlwr of specimens examined, I should infer that 
both sexes take part in suckling tlleir young. 

I publish the following letter from Dr. Curtis, verifying the above 
statements: 

WASHINGTON, D. C., FebruaTy 20, 1873. 
DEAR Srn: When upon that part of our explorations last summ1;3r which embraced 

the region ~tbout the h ead-w:.tters of the Snake River, I saw several specimens of tile 
rabbit (Leptts bairdii, Hayden) which you had secured, and the adults gave external 
signs of having been suckled, lmt ga.ve every other evidence of being true males. 

To s:.ttisfy you, as well as myself~ beyond a douut upon this point, I very carefully 
dissected one uumistakauly-marked specimen, anu found conclusive evidence of its 
;having been recently and for some time suckled. Milk was abunuant in its udders. 
It, however, possessed no other organs characteristic of t.he female sex, but it did have 
all the male organs complete and well developed. 

Yours, respectfully, 
JOSIAH CURTIS, 

Nat·u1"alist United Stcttes Geological Survey. 
Mr. C. HART MERRIAM. 

Lagomys princeps, Rich, (little chief hare:) 

No. I 

Smithsonian cata-
lognc-number. 

Sex. Date. Locality. 

Skull. Skin. / - -
10 12430 11114 - I July 24, 1872 Teton Canon, Idaho. r 

Hub.-South· Pass of Rocky Mountains, northward. 

OI·,lei· VI.--RUlliiNANTIA. 

Family 16.-CERVID.JE. 

(Sub-family Oervince.) 

Alee americanus, Jardine, (American moose:) 

Catr:,logue-

No. 
number. 

Sex. Date. Locality. 

Skull. 

13 12399 S? ad. July 26, 1R72 Teton Canon, Iclu,ho. 
14 12400 S? juv. July 26, 1872 Do. 
15 ·-·--· ··--~- Jjuv. July 26, 1872 Do. 

Hab.-Northern portions of the Eastern United States to Labrador, 
whence it extends west to the Pacific Ocean. 
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Family 17 .-CA VI CORNIA. 

(Sub-family Antilopince.) 

Ant-ilocapra americana, Ord, (prong-horn antelope:) 

Catalogue-

No. 
number. 

Sex. Date. Locality. 

Skull. 

21 12402 Juv. Aug. 5, 1872 Middle Fork, Idaho. 
53 12401 3 Oct. 4,1872 Canon Creek, Idaho. 

Hab.-Plains west of Missouri, from the Lower Rio Grande to t.he 
Saskatchewan, and west to the Cascade and Coast Ranges of the Pacific 
slope. 

01·der IX.--CHEIROPTER.<l., THE BATS. 

Family.-VESPERTILIONID.lE. 

Nycticejus crepusmtlar·is, Allen. 

N Catalogue
o. number. 

1 11127 

Sex. Date. Locality. 

Aug. 31,1872 Lower Geyser Basin, Wyo. 

Hab.-United States, from Atlantic to Pacific. 

Vespertilio lucifugus, Leconte, (the blunt-nosed bat:) 

No. Catalogue- Sex. Date. Locality. number. 

2 11128 3 Aug. 31, 1872 Lower Geyser Basin, Wyo. 

Hab.-North America generally . 

. 
Vespertilio yumanensis, Allen, (the Gila bat:) 

No. Catalogue- Sex. Date. Locality. 
nu~nber. 

3 11129 3 July 25, 1872 Hot Springs, Montana. 

Hab.-Eastern slope of Rocky Mountains to Pacific coast. 
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BIRDS. 

Sub-class 1.--INSESSORES, PERCHING BIRDS. 

Order 1.-PASSERES, PASSERINE BIRDS. 

(Section OSOINES, SINGERS.) 

Family 1.-TURDIDJE, THE THRUSHES. 

Tll'rd~ts (Planestimts) migratorius, Linn., (common robin:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

10~ 61650 t June 18, 1872 10tX15t Ogden, Utah. 
200 62275 ~ J nly 30, 1872 9!X16t Teton Cafwn, Idnl10. 
2:55 62276 ~ Sept. 6,1tl72 9tx15! Source of the Madison. 
274 62277 t Sept. 16, 18i2 10.g.x16! Snake Hi:ver, Wyo. 

Hab.-Continent of North America to Mexico. 
We fouud a flock of about thirty robins near the head-waters of the 

1\iadi.sou Ri,·er, Wyoming Territory, on the 6th of September. The snow 
was about an inch in depth, and the flock-one of which I shot (No. 
~55)-seemeu to be moving southward. They were quite abundant on 
Snake Hiver dnri.ng the latter part of September. At all other places 
on our route robins were seldom met with. 

Gctleoscoptes carolinensis, Linn., (cat-bird :) 

N i Catalogue- ~ So D t 0 ' uuml>er. ,x. a e. 

99 i G16;)3 I t Jnue 18, 1872 

Measure
ments. 

8tX11 

Locality. 

Ogden, Utah. 

Hab.-Eastern United States to Salt Lake Valley and Washington 
Territory. I was surprised to find cat-birds as common iu the Salt 
Lake Valley as they are in ail our Eastern States. At Ogden I found 
one of tlteir nests-No. 52, (16310); it was on a bush in a marsh, about 
four feet above the ground, aud contained fixe fresh eggs. 

Oreoscoptes 1nontanus, Baird, (mountain mocking-bird:) 

No. 

41 
42 

Date. Measure
ments. Locality. Catalogue- ~ Sex. 

number. 

6165~~-6-I-J-t-ln_e_1_1_, -187_2_
1
--9-jl

6

_X_1_2_i_t-_S_a-lt_L_a_k_e_, U-ta_b_. _____ _ 

G1G52 t June 11,1872 9 X12t Do. 

Hab.-Rocky Mountains; south to Mexico, and along valley of Gila 
and Colorado, and to San Diego, California. 

This plain-colored songster is quite numerous about Salt Lake, where 
we found them breeding; we also found them northward to Snake River 
aml iu the Teton Basin. I found its nest-No. 26 (16296)-near the shore 
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of Salt Lake; it was placed at the foot of a sage-brush; was built of 
sticks, lined with fibrous roots; it was unusually large for the size of 
the bird, (measuring over eight inches iu diameter,) and contained four 
fresh eggs. 

Family 2.-CINCLIDlE, TilE DIPPERS. 

Oinclus 'lnexicanus, Swains., (water-ouzel:) 

No. 

307 
308 

Catalogue- Sex. 
nuru!Jer. Da.te. Measure

ments. Locality. 

62341 
62:WZ 

t July 14,1872 n· X12i Mystic Lake, Mont. 
~ July 14, 1872 7lti X lOf Do. 

Hab.-Roekv Mountains from British America to Mexico. 
The Americ~an dipper, or water-ouzel, is a rare bird in the district 

through which we passeu, being met with only at Ogden Calion, Mystic 
Lake, and in a little calion east of the Teton Range, near Jackson's Lake. 
It is trul~T a wonderful bird, being able not only to walk, but also to fly, 
into the water. During the latter part of September, when the snow was 
about an inch deep and was still falling, I took my gun and entered one 
of the canons a few miles north of Jackson's Lake, in the hope of meet
ing some rare birus. I had not gone far, when, to my great <lelight, I 
saw a pair of' water-ouzels on a rock in the middle of a rapid stream 
which flowed out of the calion. To my great surprise one of these birds 
dove directly into the rapids, ud in a few moments returned with a 
worm in its mouth. I shot one of the birds, which, to my great chagrin, 
fell into tlle water and was carried under l>y the current, and I was un
able to secure it. 

[The nest of the water-ouzel ( Oincl~ts mexicanus) was discovered by 
r artist, l\Ir. W. H. Holmes, about half a mile from :M..rstic Lake, 

Montana rrerritory, while he was sketching a beautiful little fall made 
by one of the mouutaiu streams. The bird was oiJserved to fly directly 
through the falling water, disappearing from view. Suspecting that a 
nest must be there, we l'eturned the following day, when, with the assist
alice of Mr. Holmes, I secured the nest, containing three yotmg, and 
shortly after shot both the old birds. The nest was maue of moss, 
measuring nearly a foot in diameter and six inches in depth. It was 
built upon the edge of a narrow shelf of rock, and so near tlle fall that 
the outside was constantly wet with spray, while tlle interior was dry 
and warm. The birds e11tered it by a small lateral opening in tlle lower 
half of the nest, the top being built up against a pr~jecting rock.-W. 
B. PLA1.'T.] 

Family 3.-SAXICGLIDJE, THE SAXICOLAS. 

Sialia arctica, Sw., (Rocky Mountain blue-bird:) 

Catalogue- Sex and 
No. j number. age. 

214 
246 
248 

6·2:~:30 
6~331 
623:32 

t 
u 
0 

Date. 

Ang. 4, Hl72 
Aag-. 2d, 1di2 
Aug. 28, 1872 

Measure
ments. 

7-?iix 13t 
f)* X 11~ 
6~- X1~t 

Locality. 

Mirldlc Fork, Idaho. 
Lower Geyser Basiu, \Vyo. 

Do. 

Hab.-High dry ce11tral plait1s; Upper Missouri to Rocky Mountain 
Hange and south to :Mexico. ·Hare ou tlle coast of California. 
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The Rocky Mountain blue-bird seems to prefer a country which bas 
been burnt over, and is covered with stumps and fallen timber. It is 
not a common species in the district through which we passed. 

Family 4.-SYL VIDATI, THE WARBLERS. 

Regulus calendula, Licht., (ruby-crowned kinglet:) 

No. Catalogue- Sexaud Date. Mev sure- Locality. number. a:;e. ments. 

~31 62333 0 Aug. 20, 1872 4iX7t Lower Geyser Basin, Wyo. 
267 62334 t Sept.14, 187~ 4~X7-Po Snake ,River, Wyo. 

Hab.-:North America from Atlantic to Pacific. 
This pretty little bird is probabl,y abundant in early spring and in 

October, although I saw but two of them during the summer. It is 
evident that they breed in the Yellowstone country, from "the fact that I 
obtained a young one-No. 231, (62333)-tbere on the 20th of August. 

Family 5.-P ARIDATI. 

(Sub-family Parinm, the Titmice.) 

Parus montanus, Gambel., (mountain titmouse:) 

No. Catalogue- Sex. Date. Measure- Locality. number. meuts. 

211 6:2349 t July 31, 1872 5! X8! Teton Canon, Idaho. 
212 62350 t July 31, 1872 5-l\XS! Do. 
236 6~351 t Sept. 7, 1872 5% xst Shoshone Lake, Wyo. 
279 62352 t Sept.18, 1872 5! X9 Snake River, Wyo. 

Hab.-Pacific coast of United States to Rocky Mountains. 
Teton Canon was the first place where we observed this species, 

probably· because it was the first place on our route wllere we found 
couiferous trees. 

The mouutain chickadee is an abundant species in the Fire-Hole Ba
sin, and also from the source of Snake River to where it leaYes the 
'"ooded mountain sides all(]. flows through an open plain. This bird, 
like our ''chickadee," (P. atricapillttts,) is very tame, and evidently likes 
tlle company of mau, as they flit about from limb to limb in search of 
their food within a few feet of you, without even looking up, or sllowiug 
auy signs of fear or eYen surprise at your presence. This species may 
easily be distinguished from our eastern P. atrioapillus by the white 
front and the white line over the eye, cutting off a black one through it. 

(Sub-family Sittinm, the Nuthatches.) 

Sitta aculeata, Cassin, (slender-billed nuthatch.) 

No. Catalogue- Sex. D31te. Measure- Locality. number. ments. 

240 62297 t Aug. 27, 1872 6 X 11 Lower Geyser Basin, Wyo. 

Hab.-Pacific coast of United States to Rocky Mountains. 
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This may be considered as a rare bird in the tract of country through 
which we passed, as I saw but one specimen, which I shot-No. 240, 
(62207.) 

Family 7 .-TROGLODYTID.M, THE WRENS. 

(Sub-family Oampylorhynchinm.) 

Salpinctes obsoletus, Cab., (rock-wren.) 

N o. l Catalogue- Sex. Date. Measure- Locality. 
1 

number. ments. 

641 616654 t June 14, 1872 tij. X 9 Ogden, Utah. 

--

Hab.-High central plains through the Rocky 1\Iountains to the Coast 
and Cascade Ranges, (but not on the Pacific coast ?) 

This bird is very properly called the "rock-wren," for high up the 
mountain sides aud among the rocks it lives, lays its eggs, and teaches 
its young the use of their tiny wings. They are noisy creatures, and seem 
to take great pleasure iu darting from rock to rock, keeping generally 
our of sig-ht. 

I shot 1ihe first of this species that I saw on one of the rocky spurs of 
the Wahsatch Range, near Ogden-No. 64, (6165±.) They were quite 
abundant on the rocky hills near the Hot Sulphur Springs, ten miles 
north of Ogden. 

(Sub-family Troglodytince.) 

Oistothorus palustris, Cab., (long-billed marsh-wren.) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
-

302 62327 t Oct. 14, 1872 5-! X 7 Fort Hall, Idaho. 

Hab,-N orth America from Atlantic to Pacific, north to Greenland. 
Fort Hall is the only place where I found the long-billed marsh-wrel1. 

I :::;aw several of them there, but succeeded only iu obtaining one speci
men-No. 302, (62327.) This bird, though not gay iu colors, is a sweet 
songster. 

Troglodytes parkmanni, And., (Parkman's wren:) 
-

.L-0. 
Catalogue- Sex. Date . Measttre- Locality. number. ments. 

172 6232'8 ~ July 18, 1872 4-! X 6~ North Fork, Idaho. 
:30G ()~329 t July 9,1872 4t X 6t Fort Ellis, )font. 

! 

Hab.-Western America, from the high central plains and Upper Mis
souri to the Pacific. 

This little bird, very similar to our house-wren, (T. cedon,) was quite 
common at North or Henry's Fork of Suake River, Middle Pork, Teton 
Canon, aucl Port Ellis. I found its nest, on the 20th of July, at Middle 

43 G S 
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Fork; it was in the hollow of a small tree that had broken off about 
ten feet high and still rested against its stump. The nest contained :fi \~e 
:young birds, and was composed of small sticks laid loosely together. 
Tile parent-birds were gr~atly incensed at my approach, and darted about 
my head in an angry manner. 

Family 8.-MOTACILLIDJE, THE WAGTAILS. 

Anthus ludovicin~ts, Licht., (tit-h.trk :) 

No. Catalogue- Sex. Date. Measure- Locality . number. mcuts. .. 
- -- --

281 622913 t £ept. 21, 1872 6-} X 10~ Snake River, Wyo. 

Hab.-North America generally; Greenland, (Reinhardt.) Accidental 
in Europe. 

We met with this bird only on Snake River and in the vicinity of 
Jackson's Lake; there we found a few flocks of from ten to fifty. 

Family 9.-SYLVICOLIDJE, THE WooD-WARBLERS. 

· Geothlypis trichas, Cab., (l\faryland yellow-throat:) 

No. Catalogue- Sex. Date. Measure- I No.ofnest Locality. number. ments. and eggs. 
-
83 61661 ~ June 17,1872 5t X 7 44 Ogden, Utah. 

309 62~4~ t July 9,1872 3i X 7 . ---- ......... Fort Ellis, Mont. 
:no 62344 t July 11, 1872 4i X 7 -... --- .... --. Do. 

Hab.-North America, from Atlantic to Pacific. 

' 

This little warbler is quite abundant at Ogden, Utah, and also on the 
l\1adison River, and at Fort Ellis, Montana Territory; I saw none else
where. I obtained the nest of this bird at Ogden-:;-No. 44, (1G308) ~ ; 
No. 83, ,(G1661,) shot. It was found in a clump of bushes in a marsh, 
about six inches above the ground, and was composed of dried grass 
.and rushes; it contained four fresh eggs. 

loteria longicauda, Lawr., (long-tailed chat:) 

No. Catalogue-
Sex.· I Date. Measure- Locality. number. ments. 

-

20 6165tl ~ June 7.,1872 . -- ... -....... ---. Ogden, Utah. 
~7 G1656 t .June 9,1872 8 X 10-fo Do. 
14 61655 t J nne 11, 1872 7i X 10 Do. 

113 6Hi59 ~ June 20, 1872 5t X 9-fo- Do. 
1~9 61794 t June 28,1872 7! X lOt Devil's Creek, Idaho. 
30 61657 . t June 8,1872 7t X lOt Ogden, Utah. 

Hab.-High central plains of the United States to the Pacific; south 
iuto Mexico. 

The long-tailed chat is a common bird in the scrub-oak bushes at the 
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foot of the Wahsatch Range, near Ogden. It is a peculiar bird, and like 
our eastern species, (Icter·ia virens,) is always heard, but seldom seen. 
They are shy, suspicious creatures, and although, when disturbed, they 
flit about in a scolding, angry manner, they generally manage to keep 
out of sight. You hear them in the bushes, imitating the mewing of a 
cat, the shrill notes of the jay, sometimes singing like a cat-bird, and 
yet, again, they sing sweetly in their own peculiar manner. They have 
a strange habit of elevating themselves in the air to the height of thirty 
or forty feet, then, poising themselves for a moment, they descend again 
to the bushes; during their descent they jerk themselves about in the 
air, at the same time uttering clear, ejaculated notes, whieh can be heard 
for quite a distance, and are not altogether unpleasant to the ear. I 
found the nest of this bird on the 15th of June; it was on a scrub-oak 
near a small stream; was about four feet above the ground, and con
tained three young birds and one egg. The egg resembled, in size and 
color, that of our eastern species, (I. virens.) 

Dendroica aud~bonii, Baird, (Audubon's warbler:) 

N Catalogue- S 
.L 

0 ' number. ex. Date. Measure
ments. Locality . 

Sept. 7,1872 5! X 9i Shoshone Lake, Wyo. 258 
268 

62345 
62:346 t Sept. 16, 1872 5! X 9 Snake River, Wyo. 

Hab.-Pacifi.c coast of United States to central Rocky 1\'lountains, 
south to Mexico. 

Audubon's warbler, though similar in most respects to our eastern yel
low-rump warbler, (D. coronata,) is easily distinguished from it by hav
ing the chin and throat yellow instead of 'white. During the latter part 

September I saw several flocks of these birds on Snake River; they 
appeared to be on their way south. 

Dendroica cestiva, Baird, (yellow . warbler:) 

No. c:~~~lf::.•· Sex. I D<ttc. ~~:~~:~- ~~do!;;:.t Locality. 

:36 61660 -{t-~ June 8, 1872 5i- X 7! 24 Ogden, Utah. 

Hab.-United States f1;om Atlantic to Pacific; south to Guatemala 
and West Indies. 

Yellow warblers were common at Ogden, as they· were at all places 
where there was a stream of water whose banks were lined with bushes. 
I found the nest of this bird at Ogden-No. 24, (16294 ;) it was on a wil
low, about three feet above the ground, and contained four fresh eggs. 

My·iod·ioctes pusill~ts, Bonap., (green black-cap warbler:) 

No. 

227 
286 

Catalogue
number. 

62347 
62348 

Sex. Date. 

Aug. 13, 1872 
Sept. 26,187~ 

Measure 
ments. Locality. 

Lower Geyser Basin. 
Second Teton Lake. 

Hab.-United States from Atlantic to Pacific; south to Guatemala. 
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We met with this beautiful warbler but twice during the summer. 
On the first occasion we were just entering the Lower Geyser Basin, 
when I observed a pair of these little birds in a grove of small pine 
trees; they were hopping about on the ground, and upon my approach 
flew up into a tree, out of which I shot the male-No. 227, (62347.) 

The second and last time that I saw this species was at the Second 
Teto~ Lake, where I saw a male high up in a pine tree. I secured him 
also. 

Family 10.-HIRUNDINID.lE, THE SWALLOWS. 

Hirundo horreorum, Barton, (barn-swallow:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments . 
------- -

244 6229("", t Aug. 28, 1872 7 X 12% Lower Gey ser Basin. 
247 62296 0 Aug. 28, 1872 5! X 11! Do. 

Hab.-N orth America, from Atlantic to Pacific. 
Barn-swallows are common at most places between Fort Hall, Idaho, 

and Ogden, Utah. They are also numerous at Fire-Hole Basin, Wyo
ming Territory, where I obtained two specimens-:No. 244, (62295,) and 
:No. 247, (62296.) 

Petrochelidon lunifrons, Say, (cli~-swallow :~ 

I ·. 

No. Catalogue- S 
'number. ex. Date. Measure

ments. Locality. 

147 61774 ~ July ~~, 1872 6 X 12i Ross Fork, Idaho. 

Hab.-N orth America, from Atlantic to Pacific. 
This is another common spPcies of swallow. We found them very 

plentiful in the vicinity of Great Salt Lake; thence north to Fort Hall, 
where thev \Yere also abundant. I obtained the nest of this species
No. 58, (16312,)-~, No.147, shot at Hoss Fork, Idaho Territory, ou the 
3d of July. It was composed of mnd, and was fastened to the bank of 
the creek, and about eight feet above the water. The nest contained 
two fresh eggs. 

Tachycincta thalassin,a, Sw., (violet-green swallow:) 

--

I N o. l Catalogue- · Sex. Date. Measure- Locality. number. ments. 
\ 

-;) 
r· 

61665 t June 18, 1872 5t X 121.:16 ! ;'),rden, Uta b. 
I 1 " 

Hctb.-Bocky Mountains to Pacific; south to l\lexico; east to Saltillo, 
Mexico. 
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This bird, the most beautiful of all the swallows, is quite common at 
Ogden Canon, where we obtained the only specimen collected-No. 96, 
(61665.) The only other place on our route at which we found this 
species was the Grand Canon of the Yellowstone. There I saw a few 
of them, but did not succeed. in obtaining any specimens. 

Gotyle riparia, Boil., (bank-swallow:) 

Catalogue-
No. number. Sex. Date. Measure

ments. Locality. 

40 61664 June 11, 1872 Salt Lake, Utah. 

Hab.-United States, from Atlantic to Pacific; common at Salt Lake, 
and from there to Snake River. 

I obtained the nest of the bank-swallow in a hole in a sand-bank bv 
the side of Salt Lake. It contained seven fresh eggs-No. 25, (16295;) 
~, No. 40, shot. 

Family 13.-L.ANIID.iE, THE SHRIKE:S. 

Collurio borealis, Baird, (great northern shrike:) 

I 
N Catalogue-

o. number. Sex. Date. Measure
ments. Locality. 

297 62270 ~ Oct. 12, 1872 10! X 14-i Fort Hall, Idaho. 

Hab.-Northern regions, from Atlantic to Pacific; in wtnter south,, 
through most of the United States. 

As the shrike or butcher-bird is confined to the cooler portions of 
America, it was met with by our party but once, and ·that was in Octo
ber, at Fort Hall, Idaho Territory. There I secured one specirneu, Xo. 
297, (62270.) 

Collurio excubitoroitles, Baird, (white-rumped shrike:) 

~o. Catalogue- Bex. 
number. Date. Measure

ments. Locality. 

61752 
62271 

~ June 11, 1872 8i X 12g. Salt Lake, Utah. 
0 Oct. 13, 1872 8t X 12-t Fort Hall, Idaho. 

Hab.-Missouri plains and fur countries to Pacific coast; eastward 
into 'Visconsin, Illinois, and Michigan. (~) 

Salt Lake and Fort Hall are the only localities at which I foun<l the 
white-rumped shrike. At the former place, on the 11th of June, I saw 
a pair of them, and succeeded in shooting the female-No. 43, (61752.) 
It is eYident, from the lateness of the season, that they breed here. 

I 
I 
I 
I 
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Family 15.-TAN AGRIDJE, THE TANAGERS. 

Pyrcmga ludO?.:icianct, Bonap., 

No. ,Catalogne Sex. Date. number. 
-----

1~ I 61662 t May 29,1872 
61663 t Juue ti, 1872 

197 62278 t July 29, 1872 
199 62:279 t July 30, 1872 
20:3 62280 t July 31, 1872 
'204 62~81 t July :n, 1872 
207 62Zo2 !;? July 31, 1872 
208 62283 t July 31,1872 
209 6:.22::34 t J nly 31, 1872 
210 62285 !;? July 31, 1872 
215 622d6 t Aug. 4,1872 

Hab.-Frorn the Black Hills 

(Louisiana tanager:) 

Measure- I 
ments. 

7! X 11t 
7 X 12fo 
7i X 11! 
7! X 11! 
7-~ X 11! 
7t X 11i 
7i X llt 
7-1- X llt 
7-1- X lli 
7t X 11-§-

Locality. 

Cheyenne, ·wyo. 
Ogden, Utah. 
Teton Canon, Idaho. 

Do. 
Do. 
Do. 
Do. 
Do. 

.Do. 
Do. 

Middle Fork, Idaho. 

to the Pacific ; south into Mexico. 
I found ~1 few of these beau tit 'ul birds in the bushes that border Crow 

ceeded in obtaining one good specimen, 
ral in the scrub-oak bushes at the foot 
ch Range, near Ogden. 

Creek, near Cheyenne, and sue 
No. 1, (61662.) I also saw seve 
and on the sides of the Wabsat 

At Teton Calion, however, tb 
obtained eight specimens. The 

ese birds are quite abundant, and here I 
y were generally seen on the tops of the 
lors of their plumage contrasted beauti
ge of the pines. They are secluded in 
wn society to that of other birds, and 

pine trees, where the bright co 
fully with the dark green folia 
tbeir habits, prefering their o 
seldom approaching the habitat ions of man. 

Near Ogden they were shy a nd suspicious, and it was difficult to get 
on the contrary, at Teton Calion, they 

t suspicion, tor they would often follow 
ear by, and never trying to keep out of 

within gunshot of them, while, 
eyed us with curiosity only, no 
us for some distance, lighting n 
sight. 

Family 16.-FRIN GILLIDlE, THE SPARROWS. 

(Sub-famil 

Oatpodacus cas.sinii, Baird, (C 

No. Catalogue Sex. Date. number. 

233 62325 !;? Aug. 21,1872 
282 62326 0 Sept. 23, 1872 

y Ooccothraustince.) 

assin's purple finch :) 

Measure
ments. 

6-! X 10! 
f>t X lOt 

Locality. 

Yellowstone River, Wyo. 
Snake River, Wyo. 

Ha.b.-Rocky Mountains and valley of the Colorado. 
These birds, the largest of t he American purple finches, are quite 

wice, once on the Yellowstone, and once 
rritory. 

rare. We met with them but t 
near Snake River, Wyoming Te 
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Glwysomitris tristis, Bonap., (yellow bird :) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
-

78 - .... -- ..... -- (! June 15, 1872 5t X9fo Ogden, Utah. 
80 61667 ~ June 15, 1872 5t XSi Do. 
84 61666 . t June17, 1872 GH X7 Do. 

295 62335 t Oct. 11, 1872 5i X9 Fort Hall, Idaho. 
29G 62336 ~ Oct. 11, 1R72 5t x9t Do. 
303 62:3:~7 - Oct. 14, 1872 5! x e;t Do. 
305 62338 (! Oct. 14, 1872 61.lo X 8-f-o Do. . 

Hab.-N ortb America generally. 
The yellow bird, American goldfinch, or thistle-bird, is common at 

Ogden and Fort Hall, as it is in most localitieR in the United States. It 
seems to prefer the civilized portion of America to the densely-wooded 
districts, as we found none in the mountains and deep pine forests. 

Okrysomitris pinus, Bonap., (pine-finch:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

179 62339 t July 22, 1872 5 X 9t Teton Basin, Idaho. 
181 62340 ~ July 22, 1872 5t X Bi Do. 
233 ...... -.......... - t Aug. 9,1672 4! X 8-i Henry's Lake, Idaho. 

Hab.-North America. from Atlantic to Pacific. 
Pine-finches were quite numerous about the Firgt Cottonwood 

Creek, Teton Basin, where I shot two specimens, Nos. 179 (62339) and 
.181, (62340.) We also found them in the vicinity of Henry's Lake, 
where I obtained one specimen, No. 223, (--.) They were occasionally 
met with by our party in Teton Canon, but I did not succeed in pro
curing any specimens there. 

(Sub-family Spizellinre.) 

Passerculus alaudinus, Bonap., (lark-sparrow:) 

Ko. Catalogue- Sex. Date. Measure- Locality. number. ments. 

294 62310 t Oct. 8,1872 5i X 9! Snake River, Idaho. 

Hab.-Ooast of California and Lower Rio Grande of Texas and 
Mexico. 

On the 8th of October I observed the only flock of these birds seen 
during our journey. They settled down on a small gravelly island in 
Snake River, and I succeeded in securing a fine specimen. 
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Poocaetes gramineus, var. con.finis, Baird, (grass-finch:) 

-

No. Catalogue- Sex. Date. Measure- No. of nest Locality. unmber. ments. and eggs. 

4 61674 - June 5,1872 6t X lOt 10 Ogden, Utah. 
6 €>1675 ~ June 5, 1872 ........................ 7 Do. 

::15 61676 ~ June 8, 1872 6! X lOt . ............................. Do. 
91 til677 - June 17, 1872 6t X 10 0 ... -- .. 0-- ...... SaH Lake, Utah. 

151 Gl778 ~ July 7,1872 6 X 10-fu . - .. -......... -.... Fort Hall, Idaho. 
152 61777 ~ July 7,1872 6t X 10! ............................ De. 
242 62308 ~ Aug, 28, 1872 Gt X 11 ....... -............. -- .. Lower Geyser Basin, 

Wyo. 
257 62309 ~ Sept. 7,187:2 61 X lOt ... --- ... -..... -. Shoshoue Lake, W J·o. 

Hab.-High central plains to the Pacific. 
This bird-a mere western variety of our common grass-finch or bay

wipged bunting, (P. gramineus)-is a very common species at Salt Lake, 
and in fact it was common all along our route, except in the densely
wooded regions. 

I found several nests of these birds. They were placed on the 
ground-generally under a sage-brush-and were composed of grass, 
laid rudely together. They lay four or five light-colored, spotted eggs 
in the earlr part of J nne. 

Chondestes grammcwa, Bonap., (lark-finch:) 

No. Catalogue- Sex. Date. Measure- No. ofnest. Locality . number. mcnts. 

' 24 .. -- .... ----- .. ~ June 7,1872 - ..... -- ... ---- .. 22 Ogden, Utah. 
G~i 61668 ~ J nne 14, 187i 7 x 111; .. - ... -- ................ Do. 
G8 61669 ~ Jnue 14, 187:2 6H X lOt 0 ........ -- ... - ... -. Do. 
75 61670 ~ June 15, li:l72 7f X llH .................... 4 .... Do. 
91:3 61671 - J uue 18, l tl72 7-P.u X llt . 4 ......................... Do. 
1~4 61776 - Juue25, 1872 . . .. ................. . ............ 4 ____ Bear River, Utah. 
241 G2307 ~ Aug. 27, 1872 .6t X lOt .. ---- .. -----. Lower Geyser Basin, 

W"j"O. 

Hab.-From Wisconsin and the prairies of Illinois (also in :Michigan,) 
to the Pacific coast; south to Texas and Mexico. 

This plaiu but rich-colored sparrow is quite auundant at Ogden, and 
from there to Snake River. It is also common at Fire-Hole Basin, 
Wyoming Tenitory, where I obtained one ~pecimen, No. 241, (62307.) I 
collectedthe nest of the lark-finch on the 7th of June at Ogden. It was 
similar in material and situation to that of the grass-finch (P. confinis) 
inst described, and contained five fresh eggs. 

As the plumage of this bird is richer and deeper than that of the 
gra8s-finch, so are its eggs much niore beautiful, their spots and mark
ings being darker and more distinct. 
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Zonotrichia leucophrys, Sw., (white-crowned sparrow:) 

No. Catalogue- Sex. Date. 

I 
Measure-

I 
Locality. 

number. ments. 

-
225 62300 6 .Aug. 12, 1872 6i X 10 Madison River, Mont . 
262 62~01 ............ Sept. 12, Ul72 7i X 10 Lewis's Lake, \Vyo. 
2t!3 62302 t Sept. 23,1872 7 X 9i Snake River, Wyo. 

Hab.-United States from Atlantic to the Rocky Mountains, where 
they become mixed up with Z. gambelli Greenland, Reinhardt. 

1\fadison River was the first place on our route where we met with 
this finch. There they were quite abundant~ as they were at Lewis's 
Lake, where I obtained a fine specimen in winter plumage. Here they 
were very shy, and it was with great difficulty that I secured a single 
specimen. We also found them in considerable numbers along Snake 
River. 

Zonotrichia gambelii, Gam bel, (Gambel's finch:) 

No. Catalogue- Sex. Date. Measure- L,.,cality. number. ments. 

300 62299 0 Oet. 13, 1872 6i X 81 :E'ort Hall, Idaho. 

Hab.-Rockv Mountains to the Pacific coast. 
We met with a few flocks of these birds at Yellowstone Lake, and at 

Fort Hall, where I obtained one specimen, No. 300, (6229D.) This spe
cies is almost exactly like the preceding, Z. leucophrys, the only notice
able difference being in the black stripe on the side of the crown, which, 
in leucophrys, passes down over the upper half of the lores and in front 
of the eye, sending back a short branch to it, which cuts off the white 
superciliary stripe. In Z. gctmbelii the superciliary stripe passes continu
ously forward to the lores, cutting off the black from the eye. In habits 
it resembles the white-crowned finch just described. 

Junco oregomts, Sclater., (pink-sided snow-bird:) 

No. I Catalogue- Sox. Date. Measure- Locality. number. ments. 

186 62316 ~ July 24,1872 6-i X 9} Teton Calion, Idahp. 
245 62317 t Ang. 28, 1~72 6~ X 9~ Lower Geyser Basin, \Vyo. 
265 62311:3 ~ Srpt.14, 1872 6-t X lOt Snake River, \Vyo. 
272 62319 t Sopt.l6, 1872 6i X lOt Do. 
273 62320 t Sept. 16, 1872 6% X lOt Do. 
276 6232L t Sept. 17, 1872 6tX 9t Do. 
277 m~:322 t Sept.l7, 1872 6t X 9t Do. 
291 62323 t Sept. 29, 1872 6i X 10 Do. 

Hctb.-Pacific coast of the United States to the eastern side of the 
Rocky Mountaius; stragglers as far east as ]'ort Leavenworth in winter 
and Great Bend of Missouri. 
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We first met with the pink-sided snow-bird at Teton Canon, wb.ere I 
secured one specimen, No.186, (62316.) After this tbey were very plenti
ful all along our route, until we emerged from the pine forests and once 
more entered the sage-brush plains. We generally found them in flocks 
of from fifteen to twenty, moving about from tree to tree in search of 
their food. 

One day, while out shooting in the Lower GeysBr Basin, I saw a snow
bird in a pine tree. I fired and it fell, and supposing it to be. dead, I 
searched about on the ground, under ,the limb on which it had been sit
ting, but found no traces of it. I at last discovered a small feather on the 
edge of a mouse-bole, and thinking that the wounded bird might have 
taken refuge in tbis subterranean abode, I commenced digging after him 
with my fingers; I had not gone far before I thought I felt feathers ahead; 
grasping tbem with my thumb and finger, I commenced pulling; tbe bird 
came a little way, then, making a violent effort, escaped farther into the 
hole, leaving in my hand two tail-feathers. 

Having no implements to dig with, except those with which nature 
had provided me, I was compelled to give up the chase. 

Spizella socialis, Bonap., (chipping sparrow:) 

No. · Catalogue- Sex. Date. Measure- Locality. number. ments . 

. 
153 61779 0 July 7,1872 5! X 7-H- Fort Hall, Idaho. 
178 62:311 ~ July 20,1872 5i X 8t Conant Creek, Idaho. 
243 62312 t Aug. 27, 1872 5i X~ Lower Geyser Basin, Wyo. 
2G6 G2313 t Sept.14, 1872 5i X 9i · Snake River, \Vyo. 
232 62315 ~ Aug. 22, 1872 5t X9 I Yellowstone River, Wyo. 
270 62314 t Sept.15, 1872 5-H-x~ Snake River, Wyo. 

Hab.-N orth America, from Atlantic to Pacific. 
Our common chipping sparrow is too well known to need description. 

Melospizafallax, Baird, (mountain song-sparrow:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

63 61673 ~ June 14,1872 6-f1o X 81\ Ogden, Utah. 
175 62303 - July 18, 1872 ... -- ...... - ... --. North Fork, I~aho. 
298 62304 ~ Oct. 12, 1872 6t X Bt Fort Hall, Ida o. 
299 62305 t Oct. 13, 1872 6i X 8 Do. 
304 62306 3 Oct. 14, 1872 ()tiX 8t Do. 

Hab.-Rocky Mountain region from Fort Thorn to the Colorado. 
The mountain song-sparrow was common at Ogden, as it was at Fort 

Hall and on the North Fork of Snake River. I found several nests of 
this bird at Ogden, about the 1st of June. They were built in a clump 
of bushes in a marsh, about six feet above the ground, were composed of 
dry grass and rushes, and contained four to six eggs. 
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(Sub-family Spizinre.) 

Guiraca melanocephala, Sw., (black-beaded grosbeak :) 

number. 
Measure- N urn ber 

ments. · of nest. Date. Locality. No. I Catalogue- Sex. 

--- ----l----------l---------1-------l----------------

5 61685 (f June 5,1872 8i X 12·H .... -- .... ---. Ogden, Utah. 
16 61686 June 6,1872 .... -.. - ..... -.... . --- ...... - .... Do. 
21 61687 (f June 7,1872 .... -- ...... --- ... . ... . .. .. .. .. - .... Do. 
29 61688 (f Jnne 8,1872 8 X 12·}i - ....... -..... -- .. Do. 
:n G1G89 t June 8,1872 8t X 12i ....................... Do. 
52 61690 t June12, 1872 8-fo X 12-H- - ...... -. -..... Do. 

180 62274 ~ July 22, 1872 8i X12t 63 Teton Basin, Idaho. 

Hab.--High central plain from the Yellowstone to the Pacific. Table-
lands of Mexico. · 

Black-beaded grosbeaks are quite numerous among the scrub-oaks at 
the foot of the Wahsatch Mountains. Here I obtained six good speci
mens. I obtained one of their nests at the First Cottonwood Creek, 
Teton Basin, Idaho Territory, on the 22d of July. It was on a cotton
wood sapling, about five feet aoove the ground, and was composed of 
pieces of grass and vines laid carelessly together, with their ends stick
ing out four or five inches; it contained two fresh eggs--No. 63, (16317,) 
c; No. 180 shot. r.rhey are peculiar in their habits: sometimes you may 
hunt half a day without getting more than a glimpse at them, as they 
flit about from bush to bush, .yet their song, which at times is scarcely 
dj.stinguisbable from that of our common cat-bird, ( Galeoscoptes Caro
linensis,) seldom escapes your ears; at other times you cannot walk 
about for ten minutes without seeing several of them perched up on 
the top of the :highest bushes near by, entertaining you with their 
song, without evincing the slightest symptoms of fear. 

Cyanospiza ammna, Baird, (lazuli finch:) 

No. I Catalogue- Sex. Date. Measure- Number Locality. number. ments. of nest. 

19 61691 ~ June 7,1872 .. - .. -- ....... -- . . ---- ....... -. Ogden, ·utah. 
:"C2 61692 t Juue 7,1872 ........................... . ---- .. -- ... Do. 
3:3 61693 t June 8,1872 6 X 9t ................... Do. 
34 61694 (f June 4,1872 5t x9 ............. ---- Do. 
38 61695 t June 9, 1872 5! X 9/11 ---------- Do. 
4G 61696 (f Junc11, 1872 5t X9t{t ......................... Do. 
46 61698 t J nne 11, 1872 5t x9 ........................ Do. 
47 61697 (f June 11, 1872 6 X 9t .................. Do. 
48 61699 t June 11, 1872 5i X 9t ....................... Do. 
49 61700 t J m1e 11, 1872 6 X 9! ........................ Do. 
50 61701 t June 11, 1872 5£- X 8-H . - ... -...... - ... - . Do. 
61 61702 t June 14, 1872 5Hx9 -..... -.......... -.. Do. 
65 61703 ~ June 14, 1872 5-fo X 8t 65 Do. 
71 61704 ~ Juuc 14, Hl72 5i X 9.g. . ... -................. Do. 
72 61105 (f June 14, 1872 5Hx8i -----· ---- Do. 
73 61706 (f J nne 15, 1822 5i X 9t ..................... Do. 
74 61707 ~ June 15, 1C>72 5t xs-a .................... Do. 
86 61708 ~ June 17,1872 5t X 8~ ...... -......... - .. Do. 

114 61709 t Juue20, 187~ 5t x et ........... ---- Do. 
116 61710 t June20, 187Q 5~ X 9fo ..................... Do. 
117 61711 ~ June20, 1872 5! X 9fo .................... Do. 
118 61712 ~ June20, 1872 5t X 8! ....................... Do. 
183 62324 ~ July 22, 11:!72 5t x9 ................... Teton Basin, Idaho. 

Hab.--High central plains from the Rocky Mountains to the Pacific. 



684 GEOLOGICAL SURVEY OF 'l'HE TERRITORIES. 

The lazuli finch, or blue linnet, is very common near Ogden, and 
in the bushes that border some of the streams in Teton Basin. Th-ere 
are but few of our western birds that rival or even equal this handsome 
little bird, either in beauty of plumage or sweetness of voice. They are 
greenish blue above, the head and neck being of the same color ; the 
upper part of the breast is chestnut, separated from the throat by a faint 
white crescent, and the belly is white. They seem to take great delight 
in perching themselves up among the branches of some scrub-oaks, not 
far apart, trying to see who shall excel the other in pouring forth their 
sweet melodies. 

I obtained three nests of this species at Ogden; one, No. 8, (16283,) 
was on a scrub-oak about three feet high, and the other two, Nos. 
9 (16284,) and 35 (16285,) were on sage-bushes, (artemisia,) about two 
feet above the ground. The eggs, generally four in number, are laid 
about the first or middle of June, in a beautiful downy nest, composed 
of fibrous grasses and wool, lined with hair. 

Pipilo megalonyx, Baird, (spurred towhee.) 

No. Catalogue-~ Sex. Date. Measure- No. of Locality. number. ments. nest. 

25 61678 t June 7, 1872 .. ... -... -.... - ......... ............ Ogden, Utah. 
32 61679 t June 8,1~72 8-h X llt ........... Do. 
56 61680 t June 13, 1872 Bt X llJ 31 Do. 
57 61681 ~ June 13, 1872 8-h x 10lo 32 Do. 
67 .... --·· .. -............. t June 14,1872 - X llt .. .............. Do. 
69 61682 t J uue 14, 1872 8t X lli 36 DQ. 
77 61683 t J nne 15, 1872 8i Xll .......... Do. 

119 61684 t J uue 21, 1872 8-H- X lli ............... Do. 

Hab.-Southern coast of California and across through valleys of Gila 
and Rio Grande, west to Rocky Mountains. 

Spurred towhees are very plentiful in the scrub-oaks near Ogden; 
we saw none elsewhere. In habits they greatly resemble the black
headed grosbeak, ( Guiraca melanocephala.) About the middle of June 
they build a rude nest of dry grass and leaves; this is placed on the 
ground, generally at the foot of a small bush, and contains four or fi\e 
light-colored eggs, spotted with reddish brown. 

P.ipilo chlorura, Baird, (green-tailed finch.) 

~ Catalogue- ~ S 
.~.: o. number. ex. Date. Measure

ments. Localtty . 

177 
18:2 
213 

62292 
62293 
62294 

~ July 20, 1872 7i X lOt Conant Creek, Idaho. 
~ July 22, 1872 7t X 9-! Teton Basin, Idaho. 
6 Aug. 3,1872 7i X 10i Do. 

Hab.-Valley of Rio Grande and Gila; Rocky Mountains north to 
Yellowstone Lake; south to Mexico. 

vVe did not meet with this species in abundance at any locality on 
our route. 

0 
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Family 17.-ALAUDID~, TilE LARKS. 

Eremophila cornuta, Boie., (horned sky-lark.) 

No. 
Catalogue- Sex. Date. Measure- ~ Locality. number. ments. 

--

61753 t June 11, 1872 7-f'-rr X 13 1 Salt Lake. Utah. 

Hab.-Everywhere on the prairies and desert plains of North America 
Atlantic States in winter. 

The horned lark is met with in greater abundance than any other bird 
on our great western plains. They are very tame, often letting you pass 
within six or eight feet of them without appearing disturbed, and then 
the~' generally run a little to one side instead of taking flight. 

Family 18.-lOTERID~, THE ORIOLES. 

(Sub-family Icterinre, the Orioles proper.) 

Icterus (Hyphantes) bullockii, Cassin, (Bullock's oriole:) 

No. Catalogue- Sex. Date. Measure- Number of 
number. ments. nest. Locality. 

7 61713 ~ June 5, H372 ......... -------· 2 (16261) Ogden, Utah. 
8 61714 ~ June 5,1872 .... - ... -... - ........ 3 (16262) Do. 

10 61715 t June 6,1872 ....................... 12 (16263) Do. 
11 61716 t June 6,1872 ------------ 13 (16264) Do. 
17 61717 t June 6,1872 8-f-ti X 12t 17 (10266) Do. 
2:3 61718 t June 7,1872 ... -- .... --- .... 19 (16267) Do. 
f>l 61719 t J uuo 12, 1872 7! X 12-\-?, 29 (1~268) Do. 
53 61720 t J nne 12, 1872 St X 12Ut 30 (16269) Do. 
58 61721 ~ June 14, 1872 7-{·k X 11! 33 (1627-0) Do. 
D3 61722 t June 18, 1872 8 X 12& 48 (16278) Do. 
94 61723 t June 18, 1872 St X 12~ .............. ........... Do. 
9;) 61724 t Juno 18, 1872 7i X 11! ........... .. .. .. -.... Do. 

127 61782 t June 28, 1872 et X 12! ........... ............... Devil'~:> Creek, Idaho. 
1'28 61783 t Juno 28, 1872 8 X 12i ............. .......... Do. 
130 61784 t June 28, 1872 8t X 12} I ----- .. D0. 
1:n 61785 t? J nne 28, 1872 8-h X 12t -----· Do. 

-
Hab.-Higb central plains to the Pacific; rare on Upper Missouri; 

south into Mexico. 
The western oriole, in my opinion at least, is the most beautiful of all 

our western birds. They are very abundant in a large marsh between 
Ogden and Weber Canon; there I collected sixteen of their nests, con
taining over sixty eggs. They build a beautiful banging nest, often tell 
and a half inches deep, and composed of fibers of grass, flax, and the 
inner bark of vines, and are generally lined with wool. The first lot 
were deep and solid, were composed chiefly of the fibers of flax and dry 
grass, and had a grayish appearance, while the second lot-which were 
built by the same birds after their first had been taken-were not very 
deep, had evidently been made in baste, and were principallF compm;;ed 
of the inner bark of small bushes and -vines, giving them a brownish 
look. They generally conceal their nests among the leav~s on the top 
of a willow, from eight to ten feet above the ground, in such a position 
that it rocks to and fro whenever there is a little wind. 
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(Sub-family .Agelaina, the Starlings.) 

Dolichonyx o1'yzivorus, (bobolink; reed-bird:) 

N Catalogue- Sex. 
o. number. Date. Measure

ments. Locality. 

85 
97 

101 

61728 
61730 
61729 

(J June 17, 1S72 7-J; X 12-h Ogden, Utah. 
~ Juue 18, 1872 7 X 11-l- Do. 
(J June 18,1872 7l0 X 11! Do. 

Hab.-Eastern North America to Rocky Mountains; westward to Salt 
Lake and East Humboldt Mountains. 

The only place on our route where we met with these birds was in the 
Great Salt Lake Valley; here they were quite abundant . 

.Agelaius phmniceus, Vieill., (red-winged blackbird:) 

No. Catalogue- Sex. Date. I 
Mea sure- Locality. number. me nts. 

15 61725 t June 6,1872 I 9,0; X 15·H Ogden, Utah. 
87 6~726 t June 17,1872 9t X 15t Do. 

Hc~b.-United States, from Atlantic to Pacific. 
Heel-winged blackbirds were vBry common near Ogden, where they 

were bteeding. This, as well as the preceding species, is too common 
to need description. 

Xanthocephalus icterocephalus, Baird, (yellow-headed blackbird:) 

N Catalogue- S 
J.: 0 ' number. ex. Date. Measure

ments. Locality. 

135 
1:37 
1:36 
138 1 

61786 
61787 
61783 
61784 

(J June 29, 1872 lOt X 18 Marsh Valley, Idaho: 
(J June 29,1872 lOi X 17t Do. 
(J J nne 29, 1872 lOg. X lf>k Do. 
~ June 29, 1872 8t X 14t Do. 

Hab.-Western America, from Texas, Illinois, Wisconsin, and North 
Red River to California, south into Mexico. Greenland, Reinhardt. 

I saw a few yellow-headed blackbirds in a marsh near Salt Lake. The 
only other place where we found them was at Marsh Creek, near Car
penter's Ranch, Idaho Territory. Here I obtained four good specimens 
and one nest. The nest was fastened to a clump of rushes in a marsh, 
about five feet above the water, and was composed of dry swamp-grass. 
It had no lining, and presented the same appearance inside as out. It 
was very solid, and contained four nearly fresh eggs of a light greenish 
color, c2vered with darker spots. 
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Stu'ntella neglecta, And., (western lark:) 

Sex. Date. Measure- No. of nest. Locality. number. ments. ~ Cotalogue-

61733 t June 5,1872 . - ... - ....... -.... 6 (16277) Ogden, Utah. 
61732 ~ June 6,1872 --- ....... -- ..... _____ ... ------ Do. 

Hab.-Western America, from high central plains to the Pacific; east 
to Pembina, Dakota. 

The western lark, a mere variety of our common eastern meadow 
lark, (S. magna,) from which it is scarcely distinguishable by the casual 
observer, is as common west of the Rocky Mountains as the latter 
species is in our Eastern States. The song of the two birds is, however, 
entirely different. I procured three nests of this species at Ogden; 
they differ essentially from those of our eastern species in being rudely 
constructed of dry grass placed loosely in a little hole in the ground, with 
no aim at concealment, while our meadow-lark builds a neat covered 
nest perfectly concealed in a bunch of grass. The eggs closely resemble 
those of S. 'inagna. 

(Sub-family Quiscalinm, the Crow Blaclcbi1·ds.) 

Scolecophagus cyanocephalus, Cab., (Brewer's blackbird:) . 
:No. Catalogue- Sex. Date. l\feasure- Locality. number. ments. 

70 61731 ~ June 14, 1872 9]- X 15 Ogden, Utah. 
121 61790 t June 25, 1tl72 ............................ Bear River, Utah. 
123 61710 ~ June 25, 1872 -- ..... - p .. ----. Do. 
15tl 62272 6 July 14,1872 9i X 15i- Snake River, Idaho. 
280 62273 ~ Sept. 20, 1872 9ht X 14t Snake River, Wyo. 

Hab.-High central plains to the Pacific, south to Mexico; Pembina, 
Dakota. 

Brewer's blackbird, west of the Rocky l\'lountains, takes the plac.e of 
our common rusty blackbird, (S. jerr·u.gineus,) which it closely resembles. 
We met with them in abundance at nearly all points on our route, al
though they were not so common in the densely-wooded. regions on t.he 
mountains as they were among the bushes and cottonwoods bordering 
the streams and rivers that run through the dry, arid plains. They 
breed about the middle of June, laying dark-colored eggs, blotched all 
over with dark brown and chocolate. 

Family 19.- CORVID .. a~, TilE CROWS. 

(Sub-family Gar'rulinm, the Jays.) 

Pica hudsonica, Bonap., (common magpie:) 

N Catalogue- Sex. I D t .

1 

Measure- I L l"t o. number. a e. ments. oca 1 Y· 

146 61780 Ad. I July 2, 1872,14t X 22t I Pocotcllo, Idaho. 

Hab.-Arctic regions of North America; United States, from the high 
central plains to the Pacific, north of California. 
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At Ogden I found an old nest of this bird, showing that they had re
cently lived here. They are still qui~e abundant in Ogden Calion, and 
at many other places in the Wahsatch Range near Ogden. Port N euf 
Uafion is tlle :first place where we found magpies. Here -they were very 
common, as they were at Pocatello, where I obtained a good specimen, 
No. 146 (61780.) I also saw a few at Fort Hall and on Snake River, 
about forty miles above the fort. We saw none after this until on our 
return, when we met them on Snake River, east of the Tetons. After 
this they were common all the way down till we arrived within about 
fifty miles of Ogden. 

Oyan~tra macrolopha, Baird, (long-crested jay:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

189 62241 t July 26. 1872 13-! X 18-t Teton Canon, Idaho. 
206 62242 <j? July 22, 1872 12t X- Do. 
259 62243 t Sept. 7,1872 13t X 19! Shoshone Lake, Wyo. 

Hab.-Central line of Rocky Mountains to table-lands of Mexico. 
This splendid bird is the Rocky lYiountain representative of Steller's 

jay, ( 0. Stelleri,) which it differs from, principally, in having a white 
spot over the eye, the crest being longer and fuller, the streaks on the 
forehead being white instead of greenish blue, and the whole head being 
darker. 

The long-crested jay is not an uncorumon bird in the Wahsatch Mount
ains. They are quite numerous, however, in the Teton Range, where I 
obta,ined two specimens. 

At Shoshone Lake, on the 7th of September, I saw a flock of about 
twenty gray jays, (Perisoreus canadensis.) Among them was a beautiful 
long-crested jay, which I succeeded in shooting. It-No. 256 (62243)
was in full plumage, and is one of the :finest specimens I ever saw. When 
first disturbed they fly about in an-angry, scolding maimer, offering you 
a fine shot; but you must not delay long, for they soon lose their curi
osity and retire into the forest, keeping themselves hid among the pines. 
I have often seen tl)em early in the morning imitating the voice of the 
hawk-owl (Surnia ulula) as they .flew about from tree to tree. 

Oyanocitta woodlwusii, Baird, (Woodhouse's jay:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
- ----- . 
54 61754 t~ June 12, 1872 12! X 1~ Ogden, Utah. 

lZO 61755 <j? June 21, 1872 llt X 15-t D~. 

I 

Hab.-Centralline of Rocky Mountains. 
Woodhouse's jay is quite common art the foot of the Wahsatch Range, 

where I obtained two specimens, the only ones that were seen by an.Y of 
our party during the summer. They are the Rocky Mountain represent
ative of the California jay, ( 0. californica,) which they greatly resemble, 
the principal difference beiug in tile under parts, which are much darker, 
and in the bill, whicll is longer and more slender. They are both western 
representatives of the Florida jay, ( 0. floridana,) which they closely 
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resemble, the chief points of difference being in the undertail coverts, 
which are white in the former and blue in the latter, and in the entire 
under parts, which are much darker in floridana than in califontica. 
These slight differences are no greater tl,lan those caused in many other 
species by the great difference in climate and longitude. 

Perisoreus canadensis, Bonap., (gray jay:) 
-

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

194 62244 ~ July 29,1872 UJ X 17! Teton Calion, Idaho. 
196 62245 - July 29, 1872 llt X 17j- Do. 
195 62246 (f July 30, 1872 12J X 18 Do. 
234 62247 (f Aug. 22, 1872 12 X 17 Yellowstone River, Wyo. 
263 62248 (f Scpt.13,1872 121 X 18 Lewis's Lake, "\Vyo. 
264 ........................... ~ Scpt.13,1872 llt X 17t Do. 
275 62250 (f Sept. 16,1872 llt X 18t Snake Riv-er, Wyo. 
278 6!251 - Sept. 18,1872 llt X 16t Do. 
287 62252 ~ Sept.27,1872 llj- X 17J · Second Teton Lake, Wyo. 
2891 62253 (f Sept.27,1872 12 X18t Do. 

Bab.-Northern America into the northern parts of United States, 
from Atlantic to Pacific; more south in Rocky Mountains. 

We first met gray jays at the Teton Canon, where they were quite 
numerous, as they were northward to the Grand Canon of the Yellow
stone, and down Snake Hiver on the east side of the Teton Range. They 
were generally very tame, often alighting on a limb within ten feet of 
me, then, after eyeing me for a few moments, would disappear in the 
forest. I remember one occasion, near Yellowstone Lake, when these 
birds came about our camp, evidently in search--of eatables, I cut off a 
few small pieces of elk meat and scattered them about on the ground 
within a few feet of me; then one of the jays, which had been watching 
me closely from a neighboring limb, darting down, seized a piece of the 
meat and flew with it into a tree near by, and, after devouring it, 
returned for more. I have often heard hunters and others state that 
they had known these jays to be so bold as to light on their shoulders! 

(Section OLAMATORES, CRYING-BIRDS.) 

Family 23.-TYRANNIDJE, THE TYRANT FLY-CATCITERS. 

Tyrannus carolinensis, Baird, (king-bird:) 

No. Catalo•ue-1 S Date. Measure- Locality. 0 ex. ments. number. 

149 61771 (f July 5,1872 8t X 14fo Fort HalJ, Idaho. 
150 61770 (f July 5,1872 Si X 15-frr Do. 
157 62287 ~ July 14, 1672 8i X 141} Snake River, Idaho. 
166 62289 - July 16, 1872 8! X 14-! North Fork, Idaho. 

Hab.-Entire continent of North America. 
We found king-uirds quite common at Ogden, thence northward to 

Snake River, where I found one of their nests, No. 60, (16314;) it was 
on a rose-bush, about four feet from the ground, and contained three 
fresh eggs. These birds must have raised one brood before this, as, two 
days before, I found a nest at Blackfoot River (twenty-five miles from 
here) tbat contained young birds that were nearly full-grown. 

44 G S 



690 GEOLOGICAL SURVEY OF THE TERRITORIES. 

Tyra.nnus verticalis, Say, (Arkansas fly-catcher:) 

No.I Catalogue- Sex. Date. Measure- I Number of Locality. number. ments. nest. 
_ , 

9 61751 ~ June 6,1872 ···--· ------ 11 (16286) Ogden, Utah. 
14 61748 t June 5,1872 ·----· ------ 15 (16287) Do. 
59 61749 ~ June 14, 1872 8-h x 15t . ---- ... --- .... Do. 
60 61750 t June 14,1872 9t . X 16-f-tr ........................ Do. 

1a2 61781 ~ June 28, 1872 8i X 15t 53 (16288) Devil's Creek, Idaho. 
134 61772 t J nne 28, 1872 8i X 15t ... -- ..... --- .. - Do. 

Hab.-Western North America, from the high central plains to the 
Pacific. 

Arkansas fly-catchers are numerous in the Great Salt Lake Basin, as 
they are among the cottonwoods and bushes that border most of the 
streams between Salt Lake and Ji..,ort Hall. From the 5th to the 28th 
of J nne I collected four of their nests; they were placed on willows or 
cottonwoods, from (jight to fifteen feet above the ground; were com
posed of fibrous roots, pieces of dead sage-brush, (a·;·temisia,) dry grass, 
&c., lined with wool and other soft substances. The first nest that I 
found is really very beautiful, as well as curious; it is composed of 
fibrous roots, stalks of dry grass, wool, pieces of s~ge-brush, with here 
and there a few leaves, and is lined with wool, fibrous bark, and thread, 
with a feather occasionally showing itself; there is much wool on the 
outside and all through the nest, giving it a soft, downy appearance. 
This beautiful structure contained four cream-colored eggs, spotted 
with reddish and dark brown, the spots being most numerous near the 
large end. 

Tyrannus vociferans, Sw., (Cassin's fly-catcher:) 

N Catalogue- Sex. 
o. number. Date. Locality. 

2 61747 t May 29, 1872 Cheyenne, Wyo. 

Hab.-Pecos River, Texas, and into Mexico table-lands; north to 
Cheyenne, Wyoming Territory. 

Cheyenne is the only place where I observed this species; there I 
secured one specimen. 

Cassin's fly-catcher closely resembles the preceding species, (T. verti
calis,) but is easily distinguished from it on comparison; the yellow of 
the breast is brighter, and the shoulders are more olivaceous; the bill 
and feet are larger. The most appreciable character, however, is seen 
in the tail. In verUcalis the whole outer web of the external feather, 
including the shaft, is purely and abruptly yellowish white. In the 
species now under consideration, the shaft of the outer tail-feather is dark 
brown, its outer webs and the tips of the other feathers being light brown, 
with the extreme edges only being of a tolerably pure yellowish white~ 

Sayornis say'lts, Baird, (Say's fly-catcher:) 

No. Catalogue- Sex. I D t . 
number. a e 

61769 -t-~~une 25, 1872 122 

Measure
ments. 

8 X 13t 

Locality. 

Bear River, Utah T. 
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Hab.-1\Hssouri and central high plains westward to the Pacific and 
south to Mexico. 

Bear River is the only locality where this species was observed. 

Oontopus borealis, Baird, (olive-sided fly-catcher:) 

No. Catalogue- Sex. Date. 
I 

Measure- Locality. number. meuts. 

27 61739 t June 8,1872 7H- X 13 Ogden, Utah. 
190 62289 ~ July 27, 1872 7--ft X 12t Teton Canon, Idaho. 
191 62290 t July 27, 1872 7! X 13i Do. 

Hab.-Rare on either coast. · Not observed in the interior of the 
United States, except to the north. Found in Greenland, (Reinhardt.) 

But three specimens of this rare species were observed: one at Ogden, 
and the other two at Teton Canon. 

Oontopus richardsonii, Baird, (short-legged pewee:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
-

28 61740 ~ J ~tp.e 8, 1872 6t X lOt Ogden, Utah. 
193 62291 ~ July 27, 1872 6t X lOt Teton Canon, Idaho. . 

Hab.-High central dry plains to the Pacific; Rio Grande Valley, 
southward to Mexico. Labrador, (Audubon.) 

The present species is a western race of our common wood pewee, (0. 
virens,) which it is scarcely distinguishable from except on comparison. 
The most appreciable difference is seen in the breast, which in Richa1·d
sonii is nearly of a uniform olive brown, while in virens the middle line 
of the breast is paler than the sides. 

Empidonax pusillus, Cab., (little fly-catcher:) 

No. Catalogue- Sex. Date. Measure- No. of nest. Locality. number. ments. 

62 61741 t J nne 14, 1872 6-ftr X 9ft, .. --- ....... ---. Ogden, Utah. 
76 61742 t June 15,1872 5<i X Sf ... --- .... --- ~ Do. ~ 

81 61743 ~ June 16, 1R72 .. -- .... ---- .. 39 (16305) Do. 
82 61744 J June 16, 1872 6 X- ..... -- ... ----- Do. 
88 61745 - June 17, 1872 5-i x9 . -.. -...... --- ... Do. 

100 61746 t .Tune 18, 1872 511,- X 9t 50 (16306) Do . 
133 61773 t June 28, 1872 6 X 9t ..... -- ..... --- .. Devil's Creek, Idaho. 

Hab.-High central plains to the Pacific; fur countries; southward 
into Mexico. 

This western race of E. traillii was very common in the Salt Lake 
Valley, where I collected seven specimens and three nests. They build 
a neat, compact little nest, which they place in the fork of a rose or 
other small bush, about five feet above the ground. It is composed of 
fibrous grasses, flax, wool, and other soft substances, interwo"Ven with a 
few leaves of swamp-grass. It is a curious fact that this bird places all 
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the wool and other soft, downy substances on the outside of its nest, 
lining it with the rough stalks of dry grass. 

About the middle of June it lays four light cream-colored eggs, spar
ingly spotted with dark r~ddish brown near the large end. 

Order 2.-STRISORES, SHRIEKING BIRDS. 

Family 28,_:_ALCEDINIDAJi, THE KINGFISHERS. 

Ceryle alcyon, Boie., (belted kingfisher:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

252 62267 t Aug. 30, 1872 13! X 22! Lower Geyser Basin, Wyo. 

Hab.-The entire continent of North America. 
Kingfishers were rare birds along our route, as this was the only 

specimen seen. 

Family 32.-CAPRIMULGIDAJi, THE GoATSUCICERS. 

Antrostomus nuttalli, Cassin, (poor-will:) 

.. 
No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

26 61734 ~ June 8,1872 8t X 17i 0 gden, Utah. 
55 61735 t J nne 12, 1872 8% X 15 Do. 

Hab.-High central plains to the Pacific coast. 
This rare bird was only found on the rocky slopes at the foot of the 

W absatch Mountains; here, on the 12th of June, I obtained their eggs; 
they were pure white without spots, and were laid in a slight cavity in 
the bare.ground, without any nest. They contained full-grown embryos, 
and would doubtless hav~ hatched in a few hour.s. The male bird, No. 
55 (61735,) was shot as he left the nest, and as the feathers were worn 
off his .belly by sitting, it is evident that both male and female take part 
iii the incubation. 

Chordeiles henryi, Cassin, (western night-hawk:) 

No. Catalogue- Sex. Date. Measure- Locali-ty. number. ments. 

139 61775 . ----. June29, 187.2. . ---- ..... -- ... Marsh Creek, Idaho. 
169 62254 (f July 17,1872 9! X 23l North Pork, Idaho. 
205 62255 (f July 31,1872 9t X 23! Teton Canon, Idaho. 
230 6225- Juv. (f Aug. 20, 1872 6t x · 16t Upper Geyser Basin, Wyo. 

Hab.-Rocky Mountains, from Saskatchewan tQ Mexico. 
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This Rocky Mountain race of our common night-hawk (P. popetuc) 
was quite common in the Salt Lake Basin, thence north to Yellowstone 
Lake, where they were very numerous. 

Family 34.-TROCHILID..E, THE HUM::1HNG-BIRDS. 

Trochilus alexandri, Bourc. and Muls., (black-chinned humming-bird:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

111 61736 . - .. --. June20, 1872 4t X 4i Ogden, Utah. 
112 61738 ~ June20, 1872 3HX4! Do. 
115 61737 ~ June20, 1872 3! X 4{ Do. 

Hab.-Oalifornia, Utah, Arizona, and southward. 
Black-chinned humming-birds were not uncommon near Ogden, where 

I obtained three specimens; they were breeding there, but I was unable 
to discover any of their nests. 

Stellula calliope, Gould, (calliope humming-bird:) 

N 1 Catalogue- Sex. Date. Measure- Locality. o. number. ments. 

~F- ~ July 3,1872 3t .x 4t I Fort Ellis, Mont. 

Hctb.-Mountains of Montana, Washington, Oregon, and California, 
to Mexico. 

This species was only observed at Fort Ellis, Montana Territory. 

Order 3.-ZYGODACTYLI, CLil\fBING BIRDS. 

Family 38.-PICID..E, THE WOODPECKERS. 

Pim~s harrisii, Aud., (Harris's woodpecker:) 

No. ()atalogue-1 Sex. Date. Measure- Locality. number. ments. 

187 62260 I ~ July 24,1872 9i X 15t Teton Canon, Idaho. 

Hab.-From the Pacific coast to the eastern slope of the Rocky 
Mountains. 

This western race of P. villosus was quite abundant in the Teton Calion, 
thence northward, following the pine forests, to Yellowstone Lake, and 
the head-waters of Snake l{iver. 
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Picoides arcticus, Gray, (three-toed woodpecker :) 

No. Catalogue- Sex. Date. Measure- Locality. number. meuts .. 
I 

236 62261 t Aug. 26, 1B72 8! X 14± Lower Geyser Basin, Wyo. 
I 

Hab.-Northern portions of the United States to the Arctic regions, 
from the Atlantic to the Pacific. 

But one specimen of this species was observed on our route. 

Picoides dorsalis, Baird, (striped three-toed woodpecker:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

237 62262 0 Aug. 26, 1872 7H- X 14! Lower Geyser Basjn, ·wyo. 

Hab.-Rocky Mountain region. 
One morning, while at breakfast, in the Lower Geyser Basin, I saw 

this and the preceding species busily engaged searching for grubs in a 
dead tree near camp. I took my gun and succeeded in shooting both 
birds. This also is the only specimen of its species seen during the 
summer. 

Sphy'l·opicus williamsonii, Baird, (Williamson's woodpecker:) 

No. Catalogue Sex. Date. Measure- Locality. number. ments. 

-
254 62263 t Sept. 6, 1872 8! X 16! Head-waters of the Madison 

River, Wyo. 

Hab.-Rocky Mountains to the Cascade Mountains. 
As we were crossing the main divide of the Rocky Mountains, on the 

6th of September, when the ground was covered with snow, I succeeded 
in shooting the only specimen seen of this rare and beautiful wood
pecker. 

Sphyropicus thyroideus, Baird, (brown-headed woodpecker:) 

No. Catalogue- Sex. Date. Measure- . Locality. number. ments. 

226 62259 Juv. Aug. 13, 1372 9 X 15i Madison River, Mont. 

Hab.-Wooded Rocky Mountain regions to Pacific slope. 
This is another rare species, but two specimens of which were seen. 
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JJlelanerpes torquattts, Bonap., (Lewis's woodpecker:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

1G7 62274 <j? July 17, 1872 11 X 21t North Fork, Idaho. 
170 o2275 t July 18, 1872 11 X 21! Do. 
174 62276 <j? July 18, 1872 lOt X 20!t Do. 

Hab.-Western .America, from Black Hills to Pacific. 
North, or Henry's Fork of Snake I{iver, is the only locality on our 

route where this species was met with; here, on the 17th of July, they 
were quite common, and very shy, and I pursued them for several hours 
before obtaining a specimen. On the 18th, however, they were still 
more numerous, and I secured two specimens without much difficulty. 

Golaptes 'lnexioamts, Sw., (red-shafted flicker:) 

N I Catalogue- Sex. Date Measure- Locality. o. number. ments. 

160 62257 t July 16, 1872 lli X 19~- North Foi·k, Idaho. 
271 62258 <j? Sept. 16,1872 13 X 21t Sunke River, vVyo. 

Hab.-Western North .America., from Black Hills to Pacific. 
This western representative of G. attratus was met with at North 

Fork, Teton Canon, and Snake River, but was not abundant at either 
of these places. At Lewis's Lake, however, they were quite numerous; 
there, on the 13th of September, I counted twenty-seven in one flock. 

Order 4.-RAPTORES, BIRDS OF PREY. 

Family 40.-STRIGID.iE, 1'HE OWLS. 

Otus wilsonianus, Lesson, (long-eared owl:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

126 61760 <j? J nne 28, 1872 14 g- X 37t Devil's Creek, Idaho. 

Hab.-The whole of temperate North .America.. 
I shot this specimen of the long-eared owl as it was sitting in a willow, 

directly under its nest, which was made of sticks about three-eighths of 
an inch in diameter; it was about one foot deep and two feet in diame
ter; the nest was empty, the young having probably flown away. 



696 GEOLOGICAL SURVEY OP THE TERRITORIES. 

Athene hypugrea, Bonap., (prairie-owl:) 

I 

I 

No. Catalogue- Sex. Date. Measure- Locality. 
numb~r. ments. 

18 61637 ~ June 9,1872 9H· X 2::i111tr Ogden, Utah. 
125 61i61 t J uue 26, 1872 ·---------·-
14:3 61763 t July 1,1872 --·---------

_Malad Valley, Idaho. 
Port Neuf River, Idaho. 

148 61762 '? July 5,1872 9t X 24t Port Hall, Idaho. 
156 61764 Juv . July 9,1872 5i X 16fu- Do. . 

Hab.-Prairies and other open portions of the United States, from the 
Mississippi to the Pacific. 

These little owls were very plentiful on the great plains and prairies, 
between Omaha and the Black Hills. There they live and breed in the de
serted holes of the prairie-dogs, (Oynomys luclovicianus.) Tbey were 
also quite numerous in the Salt Lake Valley and northward to Snake 
River; here they take up their abodes in tbe old holes of the badger 
( Tctxidea americctna, Water h.) and coyote, (Canis latrans, Say.) They 
breed in May, laying pure-white eggs. 

S'ttrnia ul'ttla, Bonap., (hawk-owl:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments . 

224 62240 t .Aug. 11, 1872 15 X 31t Madison River, Mont. 

Hab.-N orthern regions of both continents. 
This specimen of the hawk-owl is the only one seen. I shot it in 

broad daylight as it flew past me and lit on a dead pine tree. 

Family 41.-F ALCONIDJE, DIURNAL BIRDS OF PREY. 

(Sub-family Falconinre, the Falcons.) 

Tinnunculus sparveri'Us, Vieill., (sparrow-hawk:) 

No. Catalogue-/ Sex. Date. Measure- Locality. number. ments. 

161 62236 '? July 16, 1872 10! X 24t North Fork, Idaho. 
168 62237 '? July 17, 1872 11! X 24t Do. 
171 62238 Juv. July 18, 1872 10 X 21! Do. 
184 62239 '? July 22, 1872 llt X.24t Teton Basin, Idaho. 

Hab.-The entire continent of America. 
Sparrow hawks were quite numerous at the North Fork, Teton Basin, 

and on Snake River, east of the Teton Range. 
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(Sub-family Accipitrince, the Hawks.) 

Accipiter f~tscus, Bonap., (sharp-shinned hawk:) 

No. Catalogue-
Sex. I Date. Measure-

number. ments. Locality. 

228 62234 t I Aug. 20, 1872 12 X 22t Lower Geyser Basin, Wyo. 
229 62235 - Aug. 20, 1872 13! X 26 Do. 

Hab.-Throughout North America and Mexico. 

. 

This species was only met with in the Lower Geyser Basin, where it 
was quite common. 

(Sub-family Bttteoninm, the Buzzard-hawks.) 

B~tteo swainsoni, Bonap., (Swainson's hawk:) 

No. Catalogue- Sex. Date. 

I 
Measure- Locality. number. ments. 

154 61765 ~ July 9, 1872 20± X 50t Fort Hall, Idaho. 
155 61766 Pull us July 9, 1872 11 X 21 Do. 
238 62226 ~ Aug. 27, 1872 2lt X 52 Lower Geyser Basin, 'Nyo. 
239 62227 Juv. Aug. 27, 1B72 20t X 49t Do. 
251 62228 ~ Aug. 30, 1872 20! X 53t Do. 
269 62229 t Sept. 15, 1872 20t X 49! Snake River, 'Wyo. 
31:3 62230 - July 3, 1872 19 X 49 Fort Ellis, Mont. 

Hab.-Western North America; accidental in New England. 
This species, though not at all numerous, was the most abundant 

species of hawk along our route. On the 9th of July I obtained one of 
their nests at Lincoln Valley, near Fort Hall, Idaho Territory. It was 
found on a scrub-cedar on a side bill, about nine feet above the ground, 
and was composed of sticks, lined with fine strips of inner bark; it was 
nearly flat, and measured twenty-seven inches in external diameter by 
ten in thickness ; it contained one young bird and one egg; the egg
which contained a full-grown embryo, which was dead and partly de
composed-was white, and measured 2-(6 inches in length by 1-i in 
breadth. 

B'ltteo montan~ts, Nuttall, (western red-tail:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

195 62231 ~ July 29, 1872 23! X 54 Teton Canon, Idaho. 

Hab.-Western North America. 
This western representative of B. borealis was only met with in Teton 

Canon, where I saw but one pair, the female of which I secured. 



698 GEOLOGICAL SURVEY OF THE TERRITORIES. 

(Sub-family Milvince, the Kites.) 

Oi'rcus hudsonius, Vieillot, (marsh-hawk:) 

No. Catalogue- Sex. Date. Measure-
number. ments. 

-

Locality. 

22'2 62233 Juv. Aug. 9, 1872 21t X 50 Henry's Lake, Idaho. 

Hab.-All of North America and Cuba. 
l\iarsh-hawks were quite abundant in the Sa,lt Lake Basin, thence 

northward to Henry's Lake, and down Snake River. 

(Sub-family Aquilince, the Eagles.) 

Pandion carolinensis, Bon., (fish-hawk:) 

No. Catalogue- Sex. Date. Measure- Locality. number. mcnts. 

220 1 62232 Juv. Aug. 7, 1872 23 X 62t North Fork, Idaho. 

Hab.-Throughout temperate North America. 
Fish-hawks were only met with on the North Fork of Snake Ri-ver; 

here I shot one specimen as it was soaring around its nest. 

Sub-class 2.-CURSORES, SCRATCHING BIRDS. 

Family 49.-TETRAONID~, THE GROUSE. 

Teb·ao obscurus, var. richardson-ii, Douglas, (Richardson's grouse :) 

No.I Catalogue-! Sex. Date. Measure- Locality. 
_ number. I ments. 

185 62216 S? July 23, 1872 · lSi X 28t Teton Canon, Idaho. 
192 62217 (f July 27, 18i2 20t X 29t Do. 
201 62218 S? J nly 30, 1872 a"-., •'"' • •..,-., • Do. 
2D2 62219 Juv. July 30, 1872 . ..................... Do. 
216 62220 S? Aug. 5, 1872 ....... --. ~-- . -.. North Fork, Idaho. 
217 62221 Juv. Aug. 5, 1872 ......................... Do. 
218 62222 S? Aug. 6, 1872 lSi X 29 Do. 

Hab.-Central Rocky Mountains and northward. 
This bird is easily distinguished from the T. obscurus b;y the tail, which 

in the latter is broadly tipped with light slate, while in T. richardsonii 
the terminal band is much narrower and more indistinct, or wanting en
tirely. The species was not abundant, being met with chiefly in the 
Teton }fountains. I obtained one of their eggs in Teton Canon; it 
was light colored, sparingly spotted with brown. 
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Oentrocercus urophasianus, Sw., (sage-cock:) 

No. Catalogue- Sex. Date. Measure- Locality. 11umber. ments. 

162 62223 Juv. July 16,1872 15t X- North Fork, Idaho. 
176 62225 t July 20,1872 22 X 39t Do. 
221 62224 ~ Aug. 8,1872 21 X 35t Henry's Lake, Idaho. 

Hab.-Sage plains of the northwest. 
We founu sage-hens quite numerous in the Salt Lake Basin, thence 

north ward to Henry's Lake, also in the Teton Basin and on Snake 
River, east of the Teton Range. 

Pedioecetes phasianellus, Baird, (sharp-tailed grouse:) 

No. Catalogue- Sex. Date~ Measure- Locality. 11umber. ments. 
-

144 61793 Juv. • July 2,1872 6t X 12t Port Neuf River, Idaho . 
145 61792 Juv. July 2,1872 6t X 12t Do. 

Hab.-Northern prairies and plains, from Wisconsin to Cascades of 
Oregon and Washington. 

We mPt with this species at Port Neuf River, thence north to Fort 
Hall and Snake River. 

Bonasa urnbellus, var. umbelloides, Baird, (gray mountain grouse:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

188 62353 ~ July 2t, 1872 16 X 22 Teton Calion, Idaho. 
288 62354 Juv. Sept. 27, 1R72 121- X 20 Pirst Teton Lake, Wyo. 
290 62355 t Sept. 21-3, 1872 . -.- ............. Do. 
292 62356 Juv. Sept. 30, 1872 14~ X 21t Snake River, Wyo. 
293 62357 Juv. Sept. 30, 1872 14-9; X 22-!- Do. 

Hab.-Rocky Mountain region. 
This western race of our eastern ruffled grouse (B. ~~,rnbellus) was not 

an abundant species, though it was found throughout the pine forests 
from Teton Canon to the Yellowstone. 

Order 8.-GRALLJE, WADING BIRDS. 

Family 53.-CHAR.A.DRIIDlE, THE PLOVERS . 

..lEgialitis vociferus, Cassin, (killdeer:) 

No.I Catalogue- Sex. Date. Measure- Locality. number. ments. 

89 61645 d June 17, 1H72 9-!- X 20~ Salt Lake, Utah. 
250 62362 ~ Aug. 28, 1872 10! X 19t Lower Geyser Basin, Wyo. 

Hab.-North America to the Arctic regions; l\lexico, South America. 
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The killdeer was one of the few birds that were common all along 
our route. They were very numerous about Salt Lake and in the Gey
ser Basin. At the latter place they were in perpetual fear of the marsh
hawks, (Circus hudsoniu.s,) which made great havoc among them. 

Family 55.-SCOLOP ACID1E, T~E SNIPES. 

Gc(;llinago wilsonii, Bonap., (English snipe:) 

No. Catalogue- Sex. Date. Mea-sure- Locality. number. ments. 

312 62370 t July 9,1872 9 X 16 Fort Ellis, Mont. 

Hab.-Entire temperate regions of North America. 

Actodrom.us bairdii, Cones., (Baird's sand-piper:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

249 62361 ~ Aug. 28, 1872 7 X 15% Lower Geyser Basin, \Vyo. 

Hab.-Western North America; accidental on Atlantic coast. 
The Lower Geyser Basin is· the only locality where these birds were 

seen. There I saw a flock of about thirty specimens. I fired into their 
midst, wounding several, only one of which, No. 249, (62361,) I secured. 

Sym.phemia sem.ipalmata, Harlt., (willet :) 

No. Catalogue-~ Sex. Date. Measure- Locality. number. ments. 

92 61639 ~ June 17, 1872 16 X 30 Salt Lake, Utah. 
110 61638 - June 19, 1872 15-h X 27! Do. 
163 623i'>8 - July 16, 1872 Hi~ X 29! North Fork, Idaho. 

Hab.-Entire temperate regions of North America; South America. 
While riding about the marshes and sloughs near Salt Lake, we were 

generally escorted by a troupe of twenty or thirty willets, who kept 
continually flying about over our heads, uttering loud, clattering notes. 
They would often dart down in a bee-line for our heads, and when 
within eight or ten feet of it, turning suddenly and gracefully to one 
side, they would rise again to repeat the performance. 

Gam.betta m.elanoleuca, Bonap., (tell-tale:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

~35 62360 - Aug. 23, 1872 14! X 25 Yellowstone Lake, Wyo. 

Hab.-Entire temperate regions of North America; Mexico. 
The tell-tale, or stone-snipe, was very abundant on the shores of 

Yellowstone Lake. 
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Tringoides rnacularius, Gray, (spotted sand-piper:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
-

173 62359 t July 18, 1872 Stx13t N01\th Fork, Ida,ho. 

Hab.-Entire temperate North America; Europe. 

N'ltmenius longimst-ris, Wilson, (long-billed curlew:) 

No. Catalogue- Sex. Date. I Measure- Locality. number. ments. 

107 61640 - Jun~ 19,1872 22iX40 Salt Lake, Utah. 

Hab.-The entire temperate regions of North America. 
On the 24th of June I saw a flock of :fifty curlews near Bear River. 

It was a, rainy day, and they were running about amon~ the sage-brusb, 
(artemisia.) Upon my near approach they took to wing, and after cir
cling about for a few minutes settled down again. 'l'hey were quite 
common at Salt Lake, and north to the North Fork of Snake River. 

Family 56.-PHALAROPODIDJE, THE PHALAROPES. 

Phalaropus wilsonii, Sa b., (Wilson's phalarope:) 

No. Catalogue-
Sex. I Date. Measure- Locality. number. ments. 

105 61647 ~ I Juue 19,1872 9% X 17t Salt Lake, Utah. 
140 61795 t June 30, 1872 9 X 15t 11arsh Creek, Idaho. 

Hab.-Entire temperate regions of North America; New Mexico, (Dr. 
Henry.) 

Family 57.-RECURVIROSTRIDJE, THE A VOSETS AND STILTS. 

Recurvirostra americana, Gm., (American av0set :) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 
-

104 
I 

61641 ~ June 19,1872 17-l- X 29t Salt Lake, Utah. 
108 61642 - June 19, H372 18A; X 30! Do. 

Hab.-All of temperate North America; Florida, (Mr. Wlirdemann.) 
Avosets were quite numerous about Salt Lake, thence northward to 

the North Fork, opposite the Crater Buttes. In habits they resemble 
the willet, ( Symphernia semipalmata.) 



702 GEOLOGICAL SURVEY OF THE TERRITORIES. 

Himcvntopus. nigricollis, Vieill, (black-necked stilt:) 

No. Catalogue- Sex,. Date. Measure- Locality. number. ruents. 

103 61644 ~ June 19, 1872 14t X 26k Salt Lake, Utah. 
106 61643 ~ Juue 19,1872 14! X 27 Do. 

Hab.-United States generally. 
We procured the eggs of this species on the 17th of June at Salt 

Lake. They were four in number, and were laid on a pile of drift-wood, 
in the edge of a little bay of the lake. The eggs measure 1-g inches in 
length by lf6 in breadth, and are of a light yellowish brown color, 
spotted and blotched with dark brown and black, the spots being most 
numerous near the large end. 

Family 58.-GRUID.lE, THE CRANES. 

Grus canadensis, Temm, (sand-hill crane:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

219 62369 ~ Aug. 6,1872 47 X 88 North Fork, Idaho. 

Hab.-Whole of western regions of United States; Florida. 
Sand-hill cranes were first met with ou North or Henry's Fork, thence 

north to Yellowstone Lake, and south to Snake River, below Jackson's 
Lake. They were quite numerous in all this region, but as they were 
\ery shy it was difficult to obtain a shot at them. 

Family 67.-RALLID.l.E, THE RAILS. 

Porzana carolina, Vieill, (common rail :) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

79 61646 t June 15, 1872 9 X 13! Ogden, Utah. 

Hab.-Entire temperate regions of North America. 
Rails were quite common in a marsh at the foot of the Wahsatch 

Range. Here I secured one specimen, No. 79, (61646,) and two nests, 
Nos. 37 (16303) and 38, (16304.) Th.e nests are large and bulky, and 
were placed in a clump of flags in a swamp. They are composed of 
marsh-grass, and contain twelve drab-colored eggs, spotted with choco
late and reddish brown. 
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Sub-class 3.-NATATORES, THE SWillll1IERS. 

Order 9.-LAMELLIROSTRES, ANSERINE BIRDS. 

Family 69.--ANATID.A3i. 

(Sub-family Gygninm, the Swans.) 

Cygnus btwcinator, Rich., (trumpeter-swan:) 
I 

Catalogue-
I Measure-No. number. §ex. Date. ments. Locality. 

284 62367 t Sept.23,1872 ·----· -----· SQake River, Wyo. 
285 62368 t Sept.2~,1872 ~ ....... -....... -- .. Do. 

Hab.-Western America, from the Mississippi Valley to the Pacific. 
These large and beautiful birds were only met with on Snake River, 

in the vicinity of Jackson's Lake. 

(Sub-family Anatinm, the River-d~wks.) 

Anas boschas, Linn., (mallard:) 

No. Catalogue- Sex. Date. 1\feasure- Locality. number. ments. 

164 G2364 Jnv. July 16, 1872 ntx 6t North Fork, Idaho. 
1651 62365 Juv. .July 16, 1872 16! X 11! Do. 

Hab.-Entire continent of North America and greater part of Old 
World. 

Dafila acuta, Jenyns, (sprig-tail; pin-tail:) 

No. Catalogue- Sex. Date. Measure- Locality. number. meuts. 

260 62366 ~ Sept. 7, 1872 23t X 2? Shoshone Lake, Wyo. 

Hab.-Whole of North America and Europe. 

Querquedula cyanopterus, Cassin, (red-breasted teal:) 

No. Catalogue- Sex. Date. Measure- Locality. number. ments. 

109 61648 ... .. ... .. -. June 19, 1872 16! X 25i Salt Lake, Utah . 
....... 61649 .. .. -- ... 1872 ... .. --"' ......... -... 

Hab.-Rocky Mountains to Pacific; accidental in Louisiana. 
I found the nest-No. 55, (16321)-of this species on the 29th of June, 
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at Marsh Creek, Idaho Territory. It was in the swamp-grass, was lined 
with down, and contained .nine eggs. 

Ohaulelasmus streperus, Gray, (gadwall:) 

No. Catalogue-~ S :s: 
number. e · Date. Measure- Locality. ments. 

159 62363 
I ~ July 15, 1872 19! X 33t Market Lake, Idaho. 

Hab.-North America generally, and Europe. 
On the 29th of June I found the nest of this bird at Marsh Creek. 

It was lined with down, and contained three fresh eggs. 

Order 11.-LONGIPENNES, LONG-WINGED S'VIM
MERS. 

Family 76.-LARID.JE, THE GULLS. 

(Sub-family Sterninm, the Ter.ns.) 

Stm·na fosteri, Nuttall, (Foster's tern:) 

Catalogue- / 

I 
Measure-No. number. Sex. Date. ments. Locality. 

141 61767 ~ June 30, 18721,, .... '"". Marsh Creek, Idaho. 
1421 61768 (J June 30,1872 ·-·--·---·-· Do. 

Hab.-N orth America generally. 

OOLOGY. 

Sub-class 1.-INSESSORES, THE PERCHERS. 

Order I.-PASSERES. 

(Section OSOINES, SINGERS.) 

Family 1.-TURDID.JE, THE THRUSHES. 

T1.trdus swainsonii, Cab., (olive-backed thrush:) 

N I Catalogue- Date. Eggs in Locality. 0 ·1 number. nest. 

62 I 
I 

16316 July 21, 1872 2 Teton Basin, Idaho ... _. 

Remarks. 

Eggs fresh. 

This nest was found on a dead cotton-wood sapling, among the 
branches of a pine-tree, on the side of a canon; it was about five feet 
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above the ground, and was composed of dry grass, lined with finer stalks 
of the same. Its measurements were as follows: Depth, outside, 5.50 
inches; inside, 2 inches: diameter, outside, 3.75 inches; inside, 3 inches. 

Turdus audubonii, Baird, (Audubon's thrush:") 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

67 1632(} July 16, 1872 3 Fort Ems, Mont.·----- Eggs fresh. 

This nest was situated in a small pine-tree about eight feet from the 
ground, in the pine regions of the mountains. Nest bulky, deeply saucer
shaped, measuring 6 inches in external diameter by 3 in depth; cavity, 
3 inches broad by about 1.75 deep. Composed of green moss and lined 
with fine grass-leaves. Eggs, three in number, broadly ovate, obtuse; 
measurement, .85 inch in length by . 72 in breadth; their color is a rather 
deep greenish blue, exactly like those of T. migratorius. 

Galeoscoptes carolinensis, Gray, (cat-bird:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 
-

52 16310 June 18, 1872 5 Ogden, Utah.··--·· .... Eggs nearly fresh. 

See page-. 

Oreoscoptes rnontanus, Baird, (mountain mocking-bird :) 

No. Catalogue- Date. Eggs in I Locality. Remarks. number. nest. 

26 16296 June 10,1872 4 I S•ltLake, Utah .....•.. Eggs fresh. 

See page-. 

Family 9.-SYLVICOLID_.iE, THE WooD-WARBLERS. 

Geothlypis trichis, Cab., (Maryland yellow-throat:) 

No. Catalogue- Date. Eggs in I ·Locality. number. nest. 

44 16308 .Jnne 17, 1872 4 I Ogden, Utah ..... ------

See page-. 

Dendroica mstiva, B!tird, (yellow warbler:) 

N I Catalogue-
o. number. 

241 16294 

See page-. 
45 G S 

Date. 

June 8,1872 

Eggs in Locality. nest. 

4 Ogden, Utah.·----- .... 

Remarks. 

Eggs fresh. 

Remarks. 

Eggs fresh. 
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Family 10.-HIRUNDINIDJE, THE Sw ALL ows. 

Hirundo lunifrons, Say., (cliff swallow:) 

No. Catalogue- Date. Eggs in Locality. number. nest. Remarks. 

58 16312 July 3, 1872 2 Ross Fork, Idaho. ____ Eggs fresh. 

See pa,ge -. 

Ootyle riparia,, Boil., (bank swallow:) • 

No. Catalogue- Date. Eggs in Locality. number. nest. Remarks. 

25 16295 June 101 1872 7 Salt Lake, Utah ..... _ Eggs fresh. 

See page-. 

I 

Family 16.-FRINGILLIDJE, THE SPARR ows. 

Pooecetes gramineus, var. conjinis, Baird, (grass fine h :) 

No. Catalogue- Date. number. 

JO 16281 Juue 5, 1872 

2:~ 16282 June 8, 1872 

See page-. 

Eggs in 
uest. 

4 

4 

LQcality. 

Ogden, Utah----_----

. . • . . . do ........ _ .. _ . _ 

Remarks. 

Eggs contained large 
embryos . 

Do. 

Coturniculus passerinus, Bonap., (yellow-winged sp arrow:) 

No. Catalogue- Date. Eggs in I Locality. number. nest. Remarks. 

- - --

I Ogden, Utah ......••. 7 16280 June 5, 1872 4 Eggs fresh. 

I found this nest on the ground, by the side of a s age-bush. It was 
oots and grasses, 
inches in external 

very light, being carelessly constructed of fibrous r 
lined with finer pieces of the same. It measured 4.35 
diameter, and contained four white eggs, spotted wit h reddish brown. 

I 

Chondestes g'i'ammaca, Bonap., (lark-finch:) 

No.I Catalogue- Date. Eggs in Locality. number. nest. Remarks. 

:I 16292 June 7, 1872 5 Ogden, Utah ........ _ 
16293 June 16, 1872 . . . . -. do ...... _ .... _ .. 

Eggs fresh . 

See page-. 
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Spizella breweri, Oass, (Brewer's sparrow :) 

N I Catalogue- Date. Eggs in Locality. Remarks. o. number. nest. 

61 1 
16315 July 21, 1871 3 Conant Creek, Idaho. Nearly fresh. 

I found but one nest of Brewer's chipping sparrow. It was placed 
on a sage-brush about one foot above the ground, and was composed 
entirely of the stalks of dry grass, lined with finer pieces of the same. 
Its external diameter measures 2.80 inches by 2.30 in depth; inside, 
2 inches broad by 1.60 deep. The eggs are greenish blue, spotted with 
chocolate brown, the spots being most numerous at and forming a ring 
around the large end. 

Melospiza jallax, Baird, (mountain song sparrow:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

34 16301 June 13, 1872 4 Ogden, Utah ......•.. Eggs contained large 
embryos. 

See page-. 
Passerella schistacea, Baird, (slate-colored sparrow:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. .nest. 

16 16290 June 6, 1872 6 Ogden, Utah ......•.. Eggs fresh. 

This nest was found on a ·bush in a marsh, about six feet above the 
ground. It was composed of dry swamp-grass, covered on the outside 
with dead leaves, with here and there a little green moss. It was cup
shaped, very compact, and was lined with fine stalks of dry grass and 
hair. It measured about 4.25 inches in external diameter by 2. 75 deep. 
It was 1.90 inches deep inside by 2.30 ·broad. 'fhe eggs were light 
greenish blue, spotted and blotched all over with dark brown. 

Guiraca melanocephala, Sw., (black-headed grosbeak:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

63 16317 July 22, 1872 2 Teton Basin, Idaho •.. Eggs fresh. 

See page-. 
Oyanospiza am rena, Baird, (lazuli :finch :) 

No. Catalogue-~ Date. Eggs in Locality. Remarks. number. neet. 

8 16283 June 5, 1872 3 Ogden, Utah ......... Eggs fresh. 
9 16284 June 5, 18i2 4 . . . • • . do .........•.•.• Do . 

35 16285 June 14, 1872 4 ...•.. do ..•••...••.... Eggs contained small 
embryos. 

See page-. 
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Pipilo megalonyx, Baird, (spurred towkee :) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

31 16299 June 13, 1872 4 Ogden, Utah .. -·----· Eggs nearly fresh. 
32 16300 June 13, 1872 5 ...••. do------ ...•.... Eggs fresh . 
36 16302 June 14, 1872 4 ..• _ •. do . . • • • • . •.•• _ .. Do. 

See page-. 

Family 18.-lCTERIDJE, THE ORIOLES. 

(Sub-family Agelaunm, the Starlings.) 

Xanthrocephalus icterocepltalus, Baird, (yellow-headed black-bird.) 

No. Catalogue- • nate. Eggs in Locality . number. nest. 

57 16311 June 30, 1872 3 Marsh Valley, Idaho ... 

See page-. 

Sturnella neglacta, Aud., (western lark:) 

No. Catalogue- Date. Eggs in Locality. number. nest. 

6 16277 June 5,1872 3 Ogden, Utah •.....•.... 

21 16278 June 7,1872 6 ...... do ........•.•.... 
43 16379 June 15) 1872 5 . . . . . . do .•••........... 

See page-. 

(Sub-family lcterinm.) 

Icterus bullockii, Bonap., (western oriole:) 
-

No. Catalogue- Date. Eggs in Locality. number. nest. 

2 16261 June 5, 1872 6 Ogden, Utah •••••••.... 
3 16262 June 5,1872 6 ........ do ..••.••...... 

12 16263 June 6,1t372 4 ........ do ............. 
13 16264 Jnne 6,1872 5 ........ do ............. 
14 16265 June 6,1872 4 ........ do ........•••.. 
17 16266 June 6,1872 4. ...••... do ...•....•• __ . 
19 16267 June 7,1872 6 ....•... do .......... _ .. 
29 16268 June 12, 1872 5 .••..... do ...•......... 
30 16269 June 12,1872 6 ........ do ...••..... _ .. 

33 16270 June 1:3,1872 5 . . • • . . . . do ... __ •...•... 
40 16271 June 15, Hl72 5 ........ do ...•........ _ 
41 16272 Jnne 15, 1872 5 ... _ .... do ....... _ .... _ 
45 16273 June 17, 1872 3 ........ do ...••.....•.. 
46 16274 June 17, 1872 1 ........ do .•.••.....•.. 
47 16275 June 17, 1i372 3 ........ do-----· ....... 
4B 16276 June 17, 1872 2 ........ do ...•......•.. 

See page-. 

Remarks. 

Remarks. 

Efgs contained 
art' embryos. 

o. 
Do. 

Remarks. 

Eggs nearly fresh. 
Do. . 

Eggs fresh. 
Eggs nearly fresh. 
Eggs fresh. 

Do. 
Eggs nearly fresh. 
Eggs fresh. 
Eggs contained 

large embryos . 
Eggs fresh. 

Do. 
Do. 
Do. 
Do. 
Do. 

Eggs contained 
small embryos. 
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(Sub-family Quiscalinm, the Grow black-birds.) 

Scolecophagus cyanocephalus, Cab., (Brewer's black-bird:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

66 16319 June 15, 1872 .... ·--- Ogden, Utah ...•....... Eggs nearly fresh. 

See page-. 

(Section Olamatores, cry·ing birds.) 

Family 23.-TYRANNIDlE, THE TYRANT FLY-CATCHERS. 

Tyrannis carolinensis, Baird, (king-bird:) 

No. Catalo~e- Date. Eggs in Locali.ty. Remarks. number. nest. 
-

60 16314 July 14,1872 3 Snake River, Idaho .... Eggs fresh. 

See page-. 

Tyrannus verticalis, Say, (Arkansas fly-catcher:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

11 16286 June 5,1872 4 Ogden, Utah ...••••.••. Eggs fresh. 
15 16287 June 6,1872 1 ...... do ...........••.. Do. 
53 16288 June 28, 1872 2 Devil's Creek, Idaho ... Do. 
54 16289 June 28, 1871 ...... do .••.••..•.••••• Eggs nearly ready 

4 to hatch. 

See page-. 

Empidonax pusillus, Cab., (little fly-catcher:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

39 16305 June 15, 1872 3 Ogden, Utah ......••••. Eggs fresh. 
50 16306 June 17,1872 4 ...••. do ...•.....•..•.. Do. 
41 16307 June 17,1872 4 ...•.. do ....•••........ Do. 

See page-. 

Order II.-STRISORES. 

Family 32.-0.A.PRIMULGIDlE, THE GoAT-SUCKERS. 

Antrostomus nuttalli, Cassin, (poor will:) 

No. Catalogue- Date. Eggs in 
Locality. Remarks. number. nest. 

28 16298 June 12, 1872 2 Ogden, Utah .......••. Eg~s contained 
ull-grown em-

bryos. 

See page-.· 
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Order IV.-RAPTORES, THE BIRDS OF PREY. 

Family 40.-STRIGID.lE, THE OwLs. 

Athene hypugwa, Bonap., (prairie-owl:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 
-

27 16297 June 10,1872 ........... Salt La.ke, Utah ...•.... 

See page-. 

Family 41.-F ALCONID.lE. 

(Sub-family Buteoninm, the Buzzard-hawks.) 

Buteo swainsonii, Bonap., ( Swainson's hawk:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

59 16313 July 9,1872 1 Fort Hall, Idaho ....... Egg decayed. 

See page-. 

Order V.-PULLASTRJE. 

Family 43.-COLUMBID.lE, 1'HE PIGEONS AND DOVES . . 

Zenaidura carolinensis, Bonap., (common dove:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

1 16256 June 5,11372 2 Ogden, Utah .......... Eggs fresh. 
4 16257 June 5,1872 2 ...... do ............... Do. 
5 16258 June 5, 1872 2 ...... do--- ............ Do. 

18 16291 June 7,H372 2 ...... do--------------- Eggs contained 

12259 June 7,1872 . . . . . . do ........ : .. _ . _ . 
large embryos . 

20 2 Eggs fresh. 
42 12260 June 15, 1872 2 __ .... do ...... _ ........ Do. 

Mourning or ground doves were very numerous in the Salt Lake Val
ley, where I collected twelve of their eggs. They lay two white eggs, 
either in a slight excavation in the ground lined with a few pieces of 
straw or dry grass laid loosely together, or in a neat nest of fibrous 
roots, which is placed on a bush from two to five feet above the ground. 
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Sub-class 11.-CJURSORES. 

Order VI.-GALLIN~. 

Family 49.-TETRAONIDJE, THE GROUSE. 

Tetrao richardsonii, Baird, (Richardson's grouse:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

64 16318 July -,1872 "1 Teton Canon, Idaho ___ . Egg stale. 

See page-. 

Order VIII.-· GRALL~. 
Family 57 .-RECURVIROSTRIDJE, THE A VOSETS AND STILTS. 

Himantopus nigr·icollis, Vieill, (black-necked stilt:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

49 16309 June 17, 1872 4 Salt Lake, Utah.--.--. Eggs fresh. 

See page-. 

Family 67.-RALLIDJE, THE RAILS. 

Porzana carolina, Vieill, (common rail:) 

No. Catalogue- Date. Eggs in Locality. Remarks. number. nest. 

37 16303 June 15, 1872 12 Ogden, Utah.·--------- Eggs contained 

38 16304 J nne 15, 1872 8 ...... do ....•......... _ 
large embryos. 

One young bird in 
nest. 

-
See page-. 

Sub-class 111.-NA'J.'ATORES, THE SWIMMERS. 

Order IX.-LAME.LLIROSTRES. 

Family 69.-ANATIDJE. 

(Sub-family Anatinre, the River-ducks.) 

Querquedula cyanopter'us, Cassin, (red-breasted teal:) 

No. Catalogue- Date. I Eggs in Locality. number. nest. 

55 16321 June 29, 1872 9 Marsh Creek, Idaho .... 

See page-. 

Remarks. 

Eggs contained 
large embryos. 
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Cha.ulelasmmts streper~ts, Gray, (gad wall :) 

:No. Catalogue- Date. Eggs in I Locality. Remarks. number. nest. 

56 16322 J nne 29, 1872 3 I Marsh Creek, Idaho ___ - Eggs fresh. 

See page-. 

List of birds fmtnd ·in Teton Basin and Canon, Idaho Territory, July, 1872. 

fThis list is, of course, very imperfect, owing to the short time we 
spent in the basin; yet it will serve to give some idea of the birds found 
in that region.] 

Oreoscoptes monta,nus, Baird. Mountain mocking-bird. 
Turd~ts migratorius, Linn. Common robin. 
Sialia arctica, Swainson. Rocky Mountain blue-bird. 
Regulus calendula, Licht. Ruby-crowned wren. 
Parus montanus, Gambel. Mountain titmouse. 
Vireo gilvus var. stcainsoni, Baird. Western warbling greenlet. 
Pyranga ludoviciana, Bonap. Louisiana tanager. 
Carpodacus cassinii, Baird. Cassin's purple finch. 
Chrysomit·ris pinus, Bonap. Pine-finch. 
Pooecetes gramineus, var. confinis, Bu. Grass-finch. 
J~tnco oregonus, Sclat. Pink-sided snow-bird. 
Pipilo chlorura, Baird. Green-tailed :finch. 
Eremophila cornuta, Boie. Horned sky-lark. 
St~trnella, neglecta, Auu. Western meadow-lark. 
Cyanura macrolopha, Baird. Long-crested jay. 
Perisoreus canadensis, Bonap. Gray jay. 
Cor-vus carnivorous, Bartram. American raven. 
Tyrannus carolinensis, Baird. King-bird. 
Contopus borealis, Baird. Olive-sided fly-catcher. 
Contopus richardsoni-i, Baird. Short-legged pewee. 
Empidonax pusillus, Cab. Little fly-catcher. 
Ceryle alcyon, Boie. Belted king-fisher. 
Chordeiles henryii, Cassin. Western night-hawk. 
Picus harrisii, Aud. Harris's woodpecker. 
Buteo montmH~Js, Nuttall. Western red-tail. 
Tetrao obscurus, var. richarsonii. Richardson's grouse. 
Centrocercus urophasianus, Sw. Sage-cock. 
Bonasa umbellus, var. umbelloides, Baird. Gray mountain grouse. 

List of birds found in Fire-Hole Basin, Wyoming Territory, August, 1872. 

(This list, like the preceding, and for the same reason, is very imper-
fect, and will admit of many aduitions.] 

Turdus migratorius, Linn. Common robin. 
Sialia arctica, Sw. Rocky Mountain blue-bird. 
Regulus calend~tla, Licht. Ruby-crowned wren. 
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Pants montanus, Gambel. Mountain titmouse. 
Myiod-ioctes pusillus, Bonap. Green black-cap warbler. 
Hirundo horreorum, Bartou. Barn swallow. 
Pooecetes gramine~ts, var. con finis, Baird. Grass-finch. 
Ohondestes grllmmaca, Bonap. IJark-finch. 
Junco oregonus, Sclat. Pink-sided snow-bird. 
Oarpodacus cassinii, Baird. Cassin's purple finch. 
Ohrysornitris pimts, (~) Bonap. Pine-finch. 
Scolecophagus cyanocephalns. Brewer's blackbird. 
Oyanura macrolopha, Baird. Long-crested jay. 
Perisoreus canadensis, Bonap. Gray jay. 
Pic'icorvus columbianus, Bonap. Clark's crow. 
Corvus carnivorus, Bartram. American raven. 
Tyrannus carolinensis, Baird. King-bird. 
Empidonax pusillus, Cab. Little fly-catcher. 
Oeryle alcyon, Boie. Belted king-fisher. 
Ohordeiles henryii, Cassin. Western night-hawk. 
Picus harrisii, Audubon. Harris's woodpecker. 
Picoides a.rcticus, Gray. Three-toed woodpecker. 
Picoides dorsalis, Baird. Striped three-toed woodpecker. 
Accipiter fusmts, Bonap. Sharp-shinned hawk. 
Buteo swainsonii, Bonap. Swainson's hawk. 
Circus hudsonius, Vieillot. Marsh harrier. 
Spizella socialis, Bonap. Chipping sparrow. 
Sitta aculeata, Cassin. Slender-billed nuthatch. 
Grus canadensis, Temm. Sand-hill crane . 
.2Egialitis vociferus, Cassin. Killdeer. 
_jJJ)todromus bairdii, Cones. Baird's sand-piper. 
Bernicla canadensis, Boie. Canada goose. 
Pelecanus erythrorhynchus, Gm. American pelican. 

List of the birds found in Utah Territory. 

(NOTE.-The following list embraces all the species known to have 
oeen taken within the limits of the Territory of Utah. For some of 
them I am indebted to Mr. Allen, Mr. Henshaw, and Mr. Ridgway.) 

1. Turdus pallasi. 17. Anthus ludovicianus. 
2. Turdus swainsonii. 18. Geothlypis trichas. 
3. Turdus audubonii. 19. Geothlypi~ macgillivrayi. 
4. Planesticus migratorius. 20. Icteria longicauda. 
5. Galeoscoptes carolinensis. 21. Helminthophaga ru:ficapilla. 
6. Oreoscoptes montanus. 22. Helminthophaga celata. 
7. Cinclus mexicanus. 23. Dendroica auduoonii. 
8. Sialia arctica. 24. Dendroica blackburnire. 
9. Regulus calendula. 25. Dendroica resti va. 

10. Parus montanus. 26. Myiodioctes pusillus. 
11. Parus septentrionalis. 27. Setophaga ruticilla. 
12. Oampylorhynchus brunneica- 28. Hirundo horreorum. 

pillus. 29. Petrochelidon lunifrons. 
13. Catherpes mexicanus. 30. Tachycineta bicolor. 
14. Salpinetes obsoletus. 31. Tachycineta thalassina. 
15. Cistothorus palustris. 32. Cotyle riparia. 
16. Troglodytes parkmanni. 33. Stelgidopteryx serripennis. 
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34. Vireo swainsonii. 
35. Vireo olivaceus. 
36. Vireo plumbeus. 
37. Ampelis cedrorum. 
3'8. Oollurio excubitoroides. 
39. Pyranga ludoviciana. 
40. Uarpodacus cassinii. 
41. Oarpodacus frontalis. 
42. Ohrysomitris tristis. 
43. Ohrysomitris psaltria. 
44. Ohrysomitris pinus. 
45. Leucosticte tephreotes. 
46. Passerculus alaudinus. 
47. l"ooecetesgramincus, var.con-

finis. 
48. Coturniculus passerinus. 
49. Chondestes grammaca. 
50. Zonotrichia leucophrys. 
51. Zonotrichia gambelii. 
52. Junco oregon us. 
53. Junco caniceps. 
54. Poospiza bilineata. 
55. Poospiza belli. 
56. ::3pizella socialis. 
57. Spiz~lla breweri. 
58. Melospiza fal.lax. 
59. Melospiza lincolnii. 
60. Passerella schistacea. 
61. Calamospiza bicolor. 
62. Oalamospiza melanocephala. 
63. Oyanospiza amrena. 
64. Pipilo megalonyx. 
65. Pi pilo chlorura. 
66. Passer domesticus, (intro-

duced.) 
67. Eremophila cornuta. 
68. Dolichonyx oryzivorus. 
69. Molothrus pecoris. 
'70. Agelaius phreniceus. 
71. Xanthrocephalus icterocepha-

lus. 0 

72. Sturne1la neglecta. 
73. Icterus bullockii. 
7 4. Scolecophagus cyanocephalus. 
75. Corvus carni vorus. 
7G. Corvus ainericanus. 
77. Picicorvus columbianus. 
18. Gymnokitta cyanocephala. 
79. Pica hudsonica. 
80. Oyanura macrolopha. 0 

81. Oyanocitta woodhousii. 
82. Perisoreus canadensis. 
83. Tvrannus carolinensis. 
84. Tyrannus verticalis. · 
85. Sayornis sayus. 
86. Contopus borealis. 

87. Oontopus virens, vM. richard-
sonii. 

88. Empidonax pusillus. 
89. Empidonax difficilis. 
90. Empidonax hammondii. 
91. Empic.lonax obscurus. 
92. Oeryle alcyon. 
93. Antrostomus nuttalli. 
94. Chordeiles henryi. 
95. Trochil us alexandri. 
96. Selasphorus platycercus. 
97. Pic us hanisii. 
98. Spbyropicus nuchalis. 
99. Sphyropicus williamsonii. 

100. Sphyropicus thyroideus. 
101. Melanerpes torquatus. 
102. Colaptes mexicanus. 
103. Otus wilsonianus. 
104. Athene hypugrea. 
105. Falco peregrinus. 
106. Hypotriorchis columbarius. 
107. Tinnunculus sparverius. 
108. Accipiter fuscus. 
109. Buteo swainsoni. 
110. Buteo montanus. 
111. Archibuteo sancti-johannis. 
112. Circus hudsoniur;. 
113. Aquila canadensis. 
114. Haliretus leucocephalus. 
115. Cathartes aura. 
11 6. Zenaidura carolinensis. 
117. Tetrao obscurus. 
118. Centrocercus urophasianus. 
119. Pedirecetes phasianellus. 
120. Bonasa umbellus, var. umbel

Joides. 
12L Ortyx virginianus. (Intro

duced.) 
122. Lophortyx californicus. (In-

troduced.) 
123. Lophortyx gambelii. 
124 . .LEgialitis vociferus. 
125 . .LEgialitis nivosus. 
126. Gal1inago Wilsonii. 
127 . . Macrorhamph us grise us. 
128. Pelidna alpina, var ameri-

cana. 
129. Actodromus minutilla. 
130. Gambetta melanoleuca. 
131. Gam betta flavipes. 
132. Tringoides macularius. 
133. Actiturus bartramius. 
134. N umenius longirostris. 
135. Symphemia semipalmata. 
136. Phalaropus wilsonii. 
137. Recurvirostra americana. 



GEOLOGICAL SURVEY OF THE TERRITORIES. 715 

138. Himantopus nigricollis. 
139. Grus canadensis. 
140. Ibis ordii. 
141. Ibis alba. 
142. Ardea herodias. 
143. Botaurus lentiginosus. 
144. Nyctiardea grisea, var. nrevia. 
145. Rallus crepitans. 
146. Porzana carolina. 
147. Porzana jamaicensis. 
148. Fulica americana. 
149. Cygnus americanus. 
150. Anser byperboreus. 
151. Anser gambelii. 
152. Bernicla canadensis. 
153 . .Anas boschas. 
154. Dafila acuta. 
155. Nettion carolinensis. 
156. Querquedula cyanoptera. 
157. Spatula clypeata. 

158. Chaulelasmus streperus. 
159. J\'Iareca americana. 
160. Aix sponsa. 
161. Fulix marila. 
162. Fulix a:ffinis. 
163. Aythya americana. 
164. Encephala albeola. 
165. Erismatura rubida. 
166. lVIergus americanus. 
167. Pelecanus erythrorhynch us. · 
168. Graculus dilophus. 
169. Larus californicus. 
170. Larus delawarensis. 
171. Chroicocephalus philadelphia. 
172. Xema sabinii. 
173. Sterna fosteri. 
17 4. Colymbus torquatus. 
175. Podiceps cornutus. 
176. Podilymbus podiceps. 





COLEOPTERA. 
BY GEo. H. HoRN, M. D., PHILADELPHIA. 

The species collected during the expedition of 1872 are very few in 
number, and add scarcely anything to our knowledge of distribution, 
and an unusually small number of new forms. They are distributed as 
follows: 

YELLOWSTONE LAKE. 

Oincindela 12-guttata,, Dej. 
Oarabus tmdatus, Fab. 
Agabus, n. sp. 
Oolyrnbetes binotatus, Harr. 
Gyrinus picipes, Aube. 

affinis, Aube. 
Silpha lapponica, Hbst. 
Canthon simplex, Lee. 
Diplotaxis brev-icolUs, Lee. 
Jlelanophila longipes, Say. 
.A.nclastes druryi, Kby. 
Adelocera profusa, Cand. 
Crelocnern·is dilaticollis, Manu. 
lphthimus serratus, Mann. 
Tragosoma harrisii, Lee. 
Argaleus nitens, Lee. 
Oriocephalus protractus, Lee. 

agrestis, Kby. 
Baltica birnarginata, Say. 

TETON BASIN. 

Oicindela montana, Lee. 

A mara pol ita, Lee. 
gibba, Lee. 

Harpalus oblitus, Lee. 
Diplotaxis tristes, Koy. 
Silis, n. sp. 
Eleodes humeral·is, Lee. 

, Cantharis sphmr-icollis, Say. 

SNAKE RIVER. 

Platynus deplanatus, Men. 
Nothopus zabroides, Lee . 
Harpalus oblitus, lJeC. 
An~phizoa lecontei, Mattb. 
Oolymbetes serniniger, Lee. 

n. sp. 
Dytiscus conjluens, Say. 
Aemmodera mixta, Lee. 
Eleodes tricostata., Say. 
Cantharis nuttali, Say. 

cyanipennis, Lee. 
Epicauta puncticollis, Mann. 

mamtlata, Say. 
Okrysomela pkiladelphica, Linn4 

The most interesting of all the species collected is Arnphizoa lecontei 
Matthews, described in July, 1872, by Rev. A. Matthews, in a pamphlt>t 
issued by E. Janson, of London, entitled "Cistula Entomologica," p. 
121. It differs from. our well-known A. insolen.~, Lee., by the dorsum of 
the elytra being depressed along the middle from near the base to the 
apex, so that each elytron along its middle appears subcostate. Another 
species has been described by the same author, (p. 119,) but I cannot 
see any character by which it can be separated from the long series of 
A. insolens before me. It has been named Arnphizoa Josephi. The two 
sexes of Amphizoa do not differ greatly; the a.ntennre of the male are 
very obsoletely subserrate, and the female has a somewhat broader form 
of body. 

Of the three new species little need be said here. Two are water
beetles, and the family is now in process of revision. The Telephoride. 
Silis, will be described, with many other new forms, in a forthcoming
review of the entire group. 

It is rather remarkable that no representatives of the families 
Histeridm, Goccinellidm, and Ourculionidm appear, and very few 'l'ene
brionidm, although the region has on other occasions yielded many 
representatives of all these families. 
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NOTES ON ORTHOPTERA. 

By CYRUS THOMAS, PH. D. 

Although the collection of Orthoptera made last season was not so large 
as some former collections made by the survey, yet it was one of consid
erable interest, as it contained a few new species, and assisted in determin
ing the range of other species already known. The collection was chiefly 
made by Messrs. Carrington and Brown; a few··were collected by Dr. 
Curtis. One very important bottle of specimens was collected by Dr. 
Hayden personally, while temporarily separated from the main party 
in Southern Montana; in this I found a new species of Platyphama, the 
first of this genus found in the United States, though a few species have 
been obtained from Mexico. It also contained a new species of: Ohryso
chraon; somewhat peculiar in having the sides of the pronotum irregu
larly waved and slightly converging in front. 

As the descriptions of the new species are given in my "Synopsis of 
the Acrididre of North America," which is now in course of-publication, 
I will not repeat them here, but will only add such notes in regard· to 
colors, habits, localities, &c., as are not fully given in that work; and 
in doing this I shall not attempt to arrange them systematically. 

I have not as yet made a thorough examination of the collection, yet 
I have gone over it sufficiently to satisfy myself that there are no new 
species except those already mentioned. Although this is the case, the 
collection is not without interest, as it brings to view forms which were 
not seen in the broad intervening space between Southern Wyoming 
and the borders of Montana. It also reveals the interesting fact that 
(Edipoda atrox, Scudd., hitherto found only in Oaliforni~, re-appears in 
the Yellowstone Basin. In the same basin we again meet with .. Decticus 
tt·ilineatus, Thos., which has not been seen west of the dividing range 
of the Rocky Mountains. The ubiquitous Oaloptenus spretus is seen in 
nearly every bottle of the collection from Ogden northward. 

The following species were found in the Yellowstone· Basin, probably 
all from the limits of the National Park: Oaloptenus spretus, Platyphama 
montana., Pezote.ttix obesa, Stenobothrus curtipennis, (Edipoda atrox, (E. 
'ltndulata, Decticus trilineatus. 

It is somewhat singular that but two or three crickets are found in 
the entire collection. 

The collection which I made during my excursion to the northwest was 
comparatively small, as I did not attempt to collect any except those 
species or varieties which appeared to ;be new, or where there existed 
some doubt in my mind as to the coloring, in which case notes were 
made at the time while the specimens were .fresh. As before stated, I 
give these notes without any attempt to arrange the species systemat
ically. 

In addition to the collections mentioned, I also received, specimens 
from Jefferson County, Alabama, collected by Dr. G. T. Deason; from 
East Tennessee, through Theophilus Rogan, esq.; and from Mississippi, 
I suppose through J\'Ir. D. L. Phares; also from the Agricultural Depart
ment a very valuable collection made by Professor Glover, in Florida, 
some years ago. 

In.the collection from Mississippi I find a very large, fine specimen of 
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(Er7ipoda discoidea, Serv. In that from East Tennessee I had the plea· 
sure of finding the first specimen of Pyrgomor.pha I have seen; the 
species is described in my Synopsis. In Professor Glover's collection I 
found a new species of Tryxalis, the first, so far as I am aware, that has ~" 
been found in the United States; also Stenacris chlorizans, Walk. I at 
first overlooked Walker's description, and placed it among the cylindri-
cal Opomala as a new species. If this genus as established by Walker 
be retained, it will be necessary to remove other species from Opomala 
and place them here; and the position of the eyes will then be the only 
distinguishing feature of Afesops. 

(FJdipoda phrenicoptera, Germ. 
I met with this species (.June 21) in Southern Dakota, between Yank

ton and Springfield, (Bon Homme County.) The wings, though usually 
of the bright red common to this species, are frequently yellowish, with 
but a faint reddish tinge. These specimens vary slightly from the usual 
type in the form and size of the spots of the elytra, the variation being 
toward CE. corallipes, Bald. 

CE. discoidea, Serv.; CE. rugosa, Scudd.; (E. corallipes, Hal d.; CE. Halde
mannii, Scudd. ; CE. paradoxa, Thos. 

My inv'estigations the past season have increased my doubt in respect 
to the distinction of these species. I have now in my collection speci
mens from Mississippi, Washington City, Illinois, Nebraska, Kansas, 
Dakota, Colorado, Wyoming, and Utah, and although there are slight 
variations in the markings of the elytra, the rugosity of the thorax, and 
the color of the disk of the wings, yet these variations fade so insensibly 
from one into the other that there is no possibility of fixing the line of 
distinction. Locality appears to have something to do with these varia
tions, but does not govern them entirely. For example, a specimen before 
me, from Mississippi, has the disk or basal portion of the wing an orange
red, while another, by the side of it, from Nebraska, has it lemon-yellow 
with splotches of orange-red. The former is evidently the discoidea of 
Serville, and the latter stands about mid way between rugosa and coral
lipes. vVhen we examine them closely, the following differences are 
seen: taking the first as the standard, (both females,) the latter has the 
pronotum slightly shortened, and more wrinkled and rugose, being 
slightly tuberculate, the posterior femora a little less dilated, and 
the contour as a general thing more full and rounded ; the spots on the 
elytra are a little larger, though very similar in form and position. When 
we remember that the former is from a locality of rank vegetation and 
moist atmosphere, while the latter is from a locality just the opposite, 
will not this account for the differences in the pronotum ~ If these 
stood alone, I might suppose they were different species; but pinned 
close beside is a specimen (a female) from Southern Illinois, with the base 
of the wings a clear bright lemon-yellow; the pronotum, though a little 
more shortened, yet in other respects is much like the specimen from 
Mississippi, the spots on the elytra enlarged, the small ones apparently 
absorbed into the larger, the spaces also comparatively large, yet the 
specimen is smaller than either of the others. The specimens from 
\Vashington correspond very closely with the last, (from Illinois,) but are 
rather smaller, and -the pronotum is slightly more rugose on the disk. 
Now, if we pass to the western plains, we find. the Haldemannii of Scudder 
and coralUpes, Hald., which are absolutely so closely allied that they 
scarcely constitute different varieties,. it being an impossibility to dis
tinguish alcoholic specimens except in extreme cases. These a.re of 
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larger size than the rugosa, the wings yellow at base, and the inside of 
the posterior femora generally a bright coral-red, the pronotum some
what more wrinkled and rugose than the Nebraska specimen, (which has, 
as I should have stated, the posterior femora orange-yellow inside and 
the tibire yellowish, tinged with red;) the spots on the elytra are more 
broken up. In Utah, we meet with another variety which resembles 
very closely the corallipes except that the wings are pale-red at base and 
the inside of the posterior femora yellow. 

In consideration of all these facts, we are certainly justified in think
ing it highly probable that these are but varieties of the same species, 
the differences being attributable to the differences of climate and food, 
those in the moister climate, where the vegetation is ranker and where 
they are less exposed to the sun, being darker and "plumper" than those 
fo.und on the more arid plains of the West. 

lE. kiowa, Thos. 
Female.-The central foveola of the vertex is not exactly quadrilateral, 

but somewhat hexagonal. Parts of the mouth, pectus, and venter yel
lowish-white. Face, dirty brown; lateral carinm distinct, reaching the 
corners of the face; cheeks, dusky or dark brown; from the upper 
margin of each eye a .pale stripe runs back to the pronotum; the pos
terior part of the occiput fades, backward, from dusky to yellow; pro
notum dusky with paler spots. The angles (or longitudinal corners 
when folded) of the elytra are marked, with a narrow yellow stripe; 
the upper (posterior) narrow field dusky; rest as described in re
port of 1871. Posterior tibim bright blue, with an indistinct, I>ale 
ring below the knee; apex black. Tarsi pale yellow. Wings pellucid 
with a few fuscous dots near the apex; nerves and nervules of the apical 
Jlortion·. dusky; rest pale or white. 

Din~ensions.-Length, .87 inch; elytra, .86 inch; posterior femora, .52 
inch; posterior tibim, .46 inch; pronotum, .20 inch. 

Taken at Lincoln, Nebraska, August 3. 

(E. tenebrosa, Scudd .. 
Var. With disk of the pronotum pale, cinereous, Tomonotus pseudo-

nietanus, Thos. ' 
Antennm fuscous, and considerably flattened toward the extremit.v. 

The pale portions of the mouth and face are slightly tinged with pale 
rufous. The disk or basal portion of the wings a very bright brick-red. 
Posterior femora with three distinct white bands; posterior tibire black, 
with a w bite ring below the knee. 

Taken at Lincoln, Nebraska, August 3. 

(FJ. ver'rucultda, Kirb. 
In the southwestern part of Minnesota, (August 19,) I noticed quite a 

number of iudi vi duals of this species sticking to the weeds along the road
side. Supposing them to be alive, I stopped to collect some, when, to 
my surprise, I found they were aU dead; again and again I repeated the 
experiment, but with the same result. All. these appeared to be females; 
their colors as bright as though living. 

Stenobothrus maculipennis? Scndd. 
Female.-Face dull, rusty yellow; cheeks and sides of the head brown, 

darkest immediately back of the upper part of the eye, where it forms 
an ill-defined stripe which runs back to the pronotum. Occiput and 
disk of the pronotum pale brown. 

The black or dark-brown stripe running back from the eye continue1 
46 G S 
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along the upper portion of the side of the pronotum, passing over the 
lateral carinm upon the disk of the posterior lobe; the lateral carinre 
yellowish. The elytra have a pale stripe along tbe lower (or anterior) 
field, near the margin; a narrow stripe along the middle field is marke<l 
with black or dark fnscous spots, four or five in number; the portion ' 
above this and the apical third semi-transparent, distinctly tinged wiUt 
reddish purple. Wings transparent but tinged, especially the front and 
apical portions, with reddish purple; the nerves and nervules of the froht 
portion duslqr. Posterior femora pale yellow; a narrow dusky strive 
along the upper carina (or rib) of the disk; two pale dusky spots on the 
inside or the upper carina. The posterior tibia has the lower two-thirds 

f the under surface dusky, the rest pale yellow; spines white at the 
immediate base, rest black. Antennm pale rufous. 

The pronotum expands but moderately on the posterior lobe, the 
lateral carinm curving regularly inward, (though moderately,) the closest 
approximation being in advance of the middle; posterior margin ob
tu.;;ely ronnded; no entering angle on the posterior lateral margin, 
though it slightly (very slightly) curves inward from the humerus to 
the lower angle. 

The sub-anal plate of the male is slightly elongate, fleshy, entire, and 
xonncled at tile tip. 

Dimensions.-<;? Length,. 75 inch; elytra, .60 inch; posterior femora, .46 
inch; posterior tibhe, .38 inch; pronotum, .13 inch. J Length, .64 inch; 
elytra, .52 incll; posterior femora, .40 inch; posterior tibim, 36 inch. 

Abundant in the vicinity of Omaha, Nebraska, August 1. This ind& 
pendent description, taken from living specimens, is given here, that it 
may be used as a means of comparison with specimens from other locali
ties, as there is so much difficulty in distinguishing some of Mr. Scudder's 
closely allied species, if in fact they are distinct, which is a matter of 
some doubt. 

Oaloptem~s occidentalis ? Thos. 
In the Minnesota portion of Red River Valley, at Glyndon, on the 

Northern Pacific road, and near Morris, on the Saint Paul and Pacific 
road, I found a small.variety of this genus quite abundant, which, though 
differing slightly from occidentalis, appears to belong to that species. 

Foveola of the vertex elongate~ rounded in front; frontal costa solid 
above the ocellus and slightly sulcate below it, with a row of punctures 
each side. The pronotum has the lateral carinm tolerably well defined 
and almost right-angled, especially in the male. Elytra and wings about 
as long a:s the abdomen in the female. Posterior femora reach the tip 
of the abdomen. Antennm extend to the posterior extremity of the 
pronotum. Prosternal spine broadly transverse at the base. The cerci 
of the male are slwrt and tapering, turning up very slightly; th&.tip of 
tl.te sub-anal plate is entire, not notched. 

Color of the living insect.-The face is sometimes almost milk-white, with 
a few luteous or purpiish dots sprinkled over it; the cheeks are pale, but 
• black stripe, quite narrow, runs down the sulcus below the eye; the 
usual black stripe behind the eye, extending upon the pronotum, is pres
cut, but is very \ariable. The lateral and posterior margins of the pro
notum are bordered by a broad pale, purplish band; a very nanrQW 
white stripe extends down the side of the thorax from the base of the 
elytra to the insertion of the posterior legs. The elytra are almost uni
form in color; sometimes a few dim dots can be seen along the middle 
field, yet many specimens appear to have them unspotted; the general 
color is a dark ashy brown, wiugs transparent, tinged with blue; this 

• 
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bluish cast is very evanescent, almost wholly disappearing from a speci-_ 
men kept for ten hours, though not immersed in any liquid. The exter
nal face of the posterior femora is crossed by three oblique dark and, 
two intermediate white bands; the dark bands cross over to the upper 
margin of the inner face; inner face and under side yellow. The pos
terior tibim pale greenish blue, generally with a dark ring near the base;· 
spines black. Tarsi dark above, white beneath. Abdomen dark, mot-; 
tied above; the posterior margins of the segments bluish white; venter 
yellowish white. 

Length about .8 or .9 of an inch. July 5-11. 

C. bivittatus, Say. 
This species is very variable, both in color and size, yet it is easily re

cognized in almost any of its numerous variations, and it is only the 
more particular investigation that causes the entomologist to doubt the 
identity. I herewith give some notes in regard to the varieties met 
with the past summer in the Northwest. 

Omaha, A~tgust 1.~Female, living specimen. Stripes on the pronotum 
very distinct, rather broad, reddish yellow, the intermediate space a 
velvety black, (or dark fuscous.) The general color of the sides of the 
insect, a purplish reel ; the face, and the external face of the posterior 
femora, the same color; the upper, external carina of the posterior fem
ora, shining black; posterior tibim deep blue, fading at the apex to pale. 
rufous; tarsi rufous. Elytra slaty brown, with a few dusky sp<Jts near 
the base on the disk. Wings transparent, but tinged with red; nerves 
and nervules along the fi·ont margin dusky ; rest colorless. The pos
terior femora have two black spots on the upper margin of the internal 
face; the spines of the posterior tibim, black. These specimens were 
found abundant on a tall weed much like hemp, in company with C. dif
ferentialis and Acridium e7'iwrginatu/tn. In some specimens the dark 
stripe along the posterior femora occupies the upper half of the disk ; 
then there is above this a yellow line, between the upper lateral and 
dorsal carinm, and then a dark stripe along the upper margin of the in
ner face. The general color is sometimes a dark ashy green, which 
prevails on the head, sides, and beneath. The cerci of the males are 
broad, extending back a short distance, then bend suddenly upward, 
leaving a rounded protrusion on the lower edge. Sub-anal plate obtuse 
and entire at the tip. 

In Platte bottoms I noticed quite a number of individuals of this spe
cies in the long rank grass, with the general color a bright yellow, 
while others were ashy green, yet the two varieties were frequently 
seen pairing. This yellow variety was also seen at Sioux Falls, Da
kota, August 25. 

C. differentialis, Thos. 
The individuals of this species found at Omaha, August 1, in com

pany with the previous species, had the antennm red; general color of 
the head and thorax, pale olive; abdomen and pectus, bright yellow. 

Dimensions.- rJ Length, 1.2 inches ; elytra, 1 inch ; posterior fermora, 
.63 inch; posterior tibi::e, .58 inch; pronotum, .24 to .26 inch. 

At North Platte I noticed quite a number of the dark variety of this 
species, with bright yellow stripes. This variety bas the posterior fern
ora marked with black bands, and the general color is quite dark, al
most a black. These were found congregated on a large weed growing 
profusely in the Platte bottoms, and were often seen pairing with other 
varieties. 
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Aer·idium emarginat~tm, Uhl. 
Male.-Taken at Omaha, August 1. Face greenish yellow ; a row of 

distinct black punctures down each margin of the frontal costa, and a 
row across the upper part of the clypeus. Palpi and antennoo bright 
yellow. The dorsal stripe on the head and pronotum bright yellow, ex
tending forward over the vertex and down the front nearly to the cen
tral ocellus; its extension on the suture of the elytra yellowish white; 
it is bordered each side by a broad, dark greenish brown stripe, which 
fades on the sides into reddish brown on the elytra, and paler greenish 
brown on the pronotum, these latter colors occupying· the entire sides. 
The pronotum bas scattered over it golden dotes. Wings transparent, 
pale greenish yellow at base, the front margin and apical half tinged 
with pale reddish brown ; nerves and nervules corresponding in color 
with the parts. Abdomen with a dark stripe along the dorsal carina, 
sides purplish green, each segment having a ring of ·black dots on the 
posterior margin. The cerci very br0ad, somewhat notched at the apex, 
pale purplish; sub-anal plate with a broad, square notch at the apex. 
The elytra have no spots whatever on them. Anterior and middle legs 
greenish externally, striped internally with black. Posterior femora 
pale dull green or olive externally, with a row of black dots along each 
margin of the disk; internal face fuliginous or purplish; a row of black 
dots along the upper margin. Posterior tibire, with the posterior and 
inner face black, exterior face greenish purple, becoming black above; 
spines white at base, black at tips. Pulvilli remarkably large, oblong-
ovate. · 

Dimensions.-Length, 1.36 inches; clytra, 1.22 inches; pronotum, .32 
inch; posterior femora, .75 inch; posterior tibioo, .73 inch. 

This and the two preceding species appear to reside chiefly on high, 
rank weeds, not being .properly ground-locusts; though in this respect 
0. bivittatus varies more than the other two, as it appears to adapt 
itself to almost any situation. 

Opomala bivittata, Serv. 
I met with this species at Lincoln, Nebraska, also at Manhattan, in 

Kansas. 
F€male.-Head and thorax rufous, except the stripes, which are red

dish brown. Elytra semi-transparent, light brown or brownish, slightly 
tinged with rufous on the upper half, near the base; a short, narrow, 
white stripe near the base, along the lower (front) margin. Wings pel
lucid, with a faint greenish-yellow tinge; nerves and nervules mostly 
dark. Four anterior legs rufous; posterior femora rufous above and on 
the disk, yellow beneath ; posterior tibioo yellow. Venter and pectus 
;yellowish: . 

.Dimensions.-Length, 1.5 inches; elytra, 1.13 inches; pronotum, .25 
inch.; posterior femora, .90 inch; posterior tibioo, 1.1 inches. August 3. 

Ommatolampis vir-idis, Tbos. 
Syn. Caloptenus viridia, Thos. 

Lincoln, Nebraska, August 5.-Among the orthoptera met with at this 
place, r noticed this species quite abundant in the luxuriant green grass. 
I am now tolerably well satisfied that it belongs to Ornmatolampis of 
Burmeister, and have, therefore, placed it in th~t genus, and herewith 
~iv.e a full description from living specimens, t·he males and female~ 
exhibiting scarcely any differences in size or color. 

The vertex, on close examination, appears to be somewhat hexagonal, 
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• as in Acridium, with a slight central depression; frontal costa sulcate; 
sides nearly parallel and punctured; lateral carinoo nearly or quite par
aHel; eyes as heretofore described. Posterior Jobe of the pronotum 
punctured. Pectus covered with minute hairs. Elytra same length as 
abdomen. Posterior femora reach the tip of the abdomen. 

' Oolor.-Bright pea-green throughout, except the following mark
ings: Antennoo rufous except the basal joint, which is green. A 
small, dusky spot between the eyes, a dark spot beneath the eyes, 
which is bordered in front by a white stripe. A narrow white 
stripe runs along the upper margin of each eye, and extends back
ward along ,the la.teral carina of the pronotum. A median dusky 
stripe runs along the disk of the pronotum, the central portion pale 
and sometimes almost white; a black stripe extends along the sides 
of the anterior lobes of the pronotum, which is bordered by white; the 
lateral margins have a minute white line along them, sometimes inter
rupted by black punctures. There is an oblique white line on the side 
of the mesothorax, running to the base of the middle leg; a similar but 
larger one on the meta thorax, running to the base of the posterior legs. 
These lines are generally sharled in front with black. Elytra semi-trans
parent, almost uniform green, there being sometimes a pale ashy-hrown 
shade on the upper (posterior) portion. Wings pellucid; when living, 
the front margin is slightly tinged with bluish greeu, and the posterior 
half with very pale rufous; but these shades are often very dim an(l 
evanescent. The posterior femora are green, except a rufous band 
above the knee; the upper and lower carinoo (or ribs) of the disk have 
generally a thread-like line of white along them, and the upper is some
times bordered above with a pale rufous line. Posterior tibioo green ; 
spines tipped with black; tarsi green; the pul villi rufous. 

The cross incisions of the pronotum were not dark in these specimens, 
as mentioned in my original description, which was taken chiefly from 
alcoholic specimens. 

Dimensions.-Length, 1 to 1.10 inches; elytra, .76 inch; posterior 
femora, .63 inch; posterior tibioo, .58 inch; pronotum, .25 inch. 





ODONATA FROM THE YELLOWSTONE .. 

BY DR. H. HAGEN. 

LESTES. 

L. disjuncta, Selys. 
·' Known before from Brit. America. (A few specimens.) 

" L. congener, Hag. Syn. N. Amer. Neurop., 67, 5. (A male.) 

.A.GRION. 

Two species, but not well enough preserved for description; probably 
described species. 

GOMPHUS. 

G. (Hetpetogomphus) vipirinus? Selys. 
The species is described by Baron De Se1ys Longchamps, from Mexico. 

The specimen is not so preserved as to be sure of the identity ; at least 
it belongs to no other known species. (One fragment.) 

G. colubrinus? Selys. Hag. Syn. N. Amer. Neurop., 101, 7. 
Known from Hudson Bay, Brit. America. One male, in poor condi

tion, if not belonging to this species is new but nearly related. , 

.lESCHN.A. • 

.A. const'ricta, Say. Hag. Syn. N. Amer. Neurop., 123, 8. 
Common, at least represented by many specimens; a species common 

everywhere east of the .Mississippi from Canada to 1\-iaryland, and 
hitherto west to Wisconsin. 

A. eremita., Scudd. Proc. Bost. Nat. Hist. Soc., x, 213. 
Taken in abundance at Hermit Lake, White Mountains, N. H., by 

Mr. Scudder, and also common in Saskatchewan and Fort Resolution, 
Great Slave Lake; taken by Mr. Kennicott and Mr. Scudder. (One 
female.) 
A. multicolor, Hag. Syn. N. Amer. Neurop., 121, 4. 

Known before only from the Pecos River, W. Texas; Cordova, Mex
ico, and the Upper Missouri; a decidedly western species. (Few speci
mens.) 
A. propinqua, Scudd. Pro,p. Brit. Nat. Hist. Soc., x, 214. 

Fragments of one male and female, not sufficient to identify decidedly; 
probably this species. Known before from N. England. 

LIBELLUL.A.. 

L. nodisticta, Hag. Syn. N. A mer. N europ., 151, 3. 
Formerly only known by a young male collected in Mexico by Mr. 

Saussure. (Male and female.) 
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L . .fo'rensis, Hag. Syn. N. Amer. Neurop., 154, 9. 
Formerly only known by a male from California, in the Berlin Museum. 

(1\Iale and female.) 

L. saturata, Uhler. Hag. Syn. N. Amer. Neurop., 152, 4. 
Known before from California, Cape San Lucas, and San Diego, and 

from Mexico, Cordova, Tampico ; a decidedly western species. (One 
fragment.) 

L.jlavida, Hag. Syn. N. Amer. Neurop., 156, 15. 
Known before from Pecos River, W. Texas. (One fragment.) 

MESOTHEMIS. 

jf. simplicicollis, Hag. Syn. N. A mer. N europ., 170, 1. 
Common throughout from Massachusetts and Illinois to Mexico, 

Florida, and Cuba. (One female.) 

11f. longipennis, Burm. Hag. Syn. N. Amer. Neurop., 173, 7. 
Common everywhere as the foregoing species. (Male ancl. female.) 

llf. corrupta, Hag. Syn. N. Amer. Neurop., 171, 3. 
Known from Illinois, W. Texas, Mexico. (One female.) 

]f. composita, nov. sp. 
Milk-white, with a yellowish tinge on the head, front, mouth parts; 

three transverse shining black lines behind the eyes; lobe of the pro
thorax small, rounded, yellowish white; thorax yellowish white, a lit
tle bluish; two large not well-defined brown bands on the mesothorax; 
two oblique black lines on each side, and a third one between them not 
depassing the stigma; abdomen thick~st at the base, black, each segment 
with an elongated milk-white spot on each side, and another similar one 
ou the second and third segments; venter covered with a whitish pow
der, the second and third segments with a large elongated milk-white 
spot; appendices black, short, cylindrical; the tubercle between them 
white; valvar opening with a rounded excision; feet black, femora 
w bite behind; wings hyaline, a small yellow spot at the base; neuration 
black; the costa milk-white; the pterostigma large, oblong, black; 
fourteen antecubitales; two postcubitales; three series of areoles after 
the triangle; membranula white. 

Long. corp., 47 mill.; exp. alar, 76 mill. 
'.rhe species is related toM. corrupta. (One female.) 

DIPL.A.X. 

D. assimilata, Hag. Syn. N. Amer. Neurop., 174, 1. 
Known from the northern and middle parts of the United States. 

(One fragment.) 

D. scBtica, Donov. Hag. Syn. N. Amer. Neurop., 179, 9. 
Common in Europe, N. Asia, and col1ected at N. Red River by Mr. 

Kennicott. (A few specimens.) 

D. vicina, Hag. Syn. N . .Amer. Neurop., 175, 4. 
Common in the north of the United States. (Several specimens.) 

D., spec. nov. 
Nearly related to D. rubicundula Say, but different by the genital 

parts. (Only two males, imperfect.) 
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Species not belonging to Odonata. 

HET.lERINA. 

H/ Californica, Hag. Syn. N. Amer. Neurop., 59, 2. 
, The fra.gments of three males are not to be separated from the type 

j n my collection. (Some fragments.) 

I ' f POL YST<ECHOTES. 

P. punctatus, Hag. Syn. N. Amer. N europ., 206, 1. 
Very common everywhere in the whole United States. (Numerous 

specimens.) 

STATHMOPHORUS. 

Spec.-Only a male related to St. Argus, Harr., perhaps distinct. The 
rna le of St. Argus is still unknown. 

PTERONARCYS. 

Pt. Calijornica, Hag. Syn. N. Amer. Neurop., 16, 5. 
A female; a decidedly western species. ' 

MYRMELEON. 

M. diversus, nov. sp. 
Brown, covered with grayish powder; head pale yellowish near the 

mouth and the eyes; two black spots on the clypeus; front largely 
shining black, brown mat behind the an ten me; on each side of the occiput 
a yellow spot, and near the middle a yellow band, attenuated and inter
rupted in the middle; antennre short, black, annulated finely with yellow, 
the tips enlarged brownish; palpi yellow, the last joint black; last joint 
of the labial pal pi longer, oyoid, black, cylindrical at the truncated tip; 
prothorax quadrangular, a little narrower and rounded before, dull yel
lowish, with two interrupted brown lines in the middle, and one on each 
~ide, not reaching the anterior part; thorax and abdomen brown, a final 
yellowish triangular spot on the segments; legs yellowish; femora be
hind in the middle, tibire inside, and basal joint on tip black; spurs as long 
as the first joint; wings hyaline, veins yellow, spotted with black on the 
radius, and most of the small fLucations; stigma small, whitish. The 
speeies belongs to the genus JJ!Iyrmeleon, and is related to the jJf. formi, 
carium. I believe a specimen in -very bad condition, from the Pecos 
River, W. Texas, belongs here. (Two specimens.) 
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DESCRIPTIONS OF NEW SPECIES OF MALLOPHAGA COLLECTED 
BY C. H. MERRIAM tVHILE IN THE GOVERNMENT GEOLOGICAL 
SURVEY OF THE ROOKY MOUNTAINS, PROFESSOR F. V. HAY
DEN, UNITED STATES GEOLOGIST. 

BY A. S. PACKARD, JR.J M. D. 

Menopon picicola, n. sp. (Fig. 58.) 
Body slig-htly more than twice as long as broad. Head lunate, being 

much shorter than wide, well rounded in front, with a lobe on each side. 
Antennm short and slender, terminal Fig. ss. 
joint nearly twice as long as penulti
mate. Head with three long hairs 
from posterior division, and two 
oblique dark spots in the middle. 
Protborax with a median square 
area half as wide as head, with two 
rings on each side, making the en
tire segment three-fourths as wide 
as head. Abdomen regularly oval, 
two-thirds' as wide as long, terminal 
segment large and broad. Segments 
convex, with a slight ridge crossing 
behind the middle of_ each segment. 
Two or three long hairs project from 
hind edge of each segment, and nu
merous finer hairs. Legs moderately 
long, tibim long, a third longer than 
femora; tarsi with second joint long 
and slender, ending in two large 
claws. Pale horn color. 

Length, .08 inch. Ten specimens. 
From Picoides arcticus and P. dor

salis, (Nos. 236 and 237.) August 26, 
1872,at Lower Geyser Basin, Wyom
ing Territory. This is more closely 
allied to JJI. citrinellw, Denny,* than MENoPoN PwrcoLA. 

any other species I am acquainted with, but differs in the shorter, 
broader head. The form of the prothorax is 'Tery different, being 
transversely oval instead of squarish, as in M. citrinellce. 

Goniodes )}ferriamanus, n. sp. (Fig 59; a, male antenn:::e.) 
Head about as broad as long, fu1l, convex, broad, and regularly 

rounded in front of insertion of antennm. Deeply excavated in middle, 
receiving basal two-thirds of basal joint of antenn:::e; on posterior edge 
of the notch a prominence, and still posteriorly a large prominence, 
giving a square appearance to bead posteriorly, which at hinder edge 
suddenly contracts where it is articulated to prothorax. Head about 
two-thirds as wide as abdomen. Prothorax about half as wide as bead. 
Abdomen ovate or pear-shaped, being broadest just before the end. It 

* M:onographia Anoplurorum Britannioo. London, 1842. 
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is whitish, corneous on the edges. Antennm recurved, four-jointed, 
basal very large, second as long as first is thick, third and fourth slender, 
subequal; fourth as long as second is thick. Legs stout, second pair 
with stout spines on inner side of tibim; tarsal joints very indistinct, 
short, with a long curved claw. 

Length, .10 inch. One specimen. 
From Tetrao Richardsoni, (No. 219.) Collected August 5, 1872, at 

North Fork of Snake River, Idaho. · 
It is very different from G. tetraonis Denny, and closely allied to G. 

Oolchici Denny, especially in the pyriform shape of the ab~omen. The 
head in one species is rather longer and more produced in front of the 
antennrn, the prothora.x is rather longer and broader, and the mesothorax 
wider and shorter in proportion. 

Goniodes 1nephitidis, n. sp. (Fig. 60.) 
Head short, about as long as broad, well rounded in front, with a nar

row curved sinus in the middle; widest behind the middle, with well
Fig. 6o. 

Fig. 59· 

GONIODES li!ERRIAMANUS. OONIODES 1\lEPHITIDIS. 

marked lateral projections. Two dark spots on each side of the sinus; 
side of head in front of the projections lined with black. A transverse 
black line across hind edge of head, ending on each side in two black 
points, and sending obscure prolongations anteriorly. Antennm four
jointed; basal joint very large, three outer ones filiform, third consider
ably longer than second, fourth minute, short. Prothorax corneous, 
slightly narrower but distinct from mesothoracic segments, the sides of 
which are produced. hook-like beyond it. Abdomen large·, orbicular, but 
little longer than broad, white. Legs white, bind. tibim dilated distally, 
with several long spines on the inner side, one especially large ; several 
long hairs on the outer side. The tarsal joint ends in a curved slender 
claw as long as itself, seen with the naked eye; head and thorax appear 
pale testaceous; abdomen white. 

Length, .06 inch. Seven specimens. 
From a skunk (1lfephitis) collected August 13, 1872, at Fire-Hole Basin, 

Wyoming Territory. 
It difl'ers from any species :figured. by Denny in the notch in front of 

} 
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head, and short, broad lunate mesothoracic segment, and long oval form 
of abdomen. 
Nirmus buteonivorus, n. sp. (Fig. 61.) 

A very large species, long and slender; head long, oblong, subtrape
zoioal, half as wide in front as at base; front truncate, with prominent 
rounded lateral wings on each side of head, behind inser- Fig. 61. 
tion of antennre, more prominent than usual. Antennre 
just reach as far as the front edge of bead; four-jointed; 
two basal joints of much the same size and length, two 
outer mucli smaUer, fourth slenderer, and a third longer 
than third. A large, round inflated swelling on under ~~f.r~~ 
side, just behind the mouth, and behind tlw single-jointed-
miuute labial pal pi, apparently forming a sucker to draw f''-~~-M~~ 
mouth near to skin of host. Mental region behind flat
tened, rather narrow. Prothorax small, rounded square, i:-\\>-~~~~E'if,~ 
incised on each side; a transverse impressed line crossing 
the anterior third, and, with the longitudinal line, dividing 
the surface into four square spaces, tbe two anterior half 
as long as two posterior. Abdomen, including meso and 
meta thorax, regularly ovallanceolate, two and a half times NIR!Iws suTEoNI-
as long as wide, with fine long hairs along edge. Legs voRus . 

rather large and long, with tarsi on three hinder pair of legs, basal 
joints much swollen and enlarged, with a white swollen disk-like under
surface for holding on to skin of host; second joint remarkably long and 
slender. Edge of head white, and whole body black, front edge of head 
white, hind edge black, a dark scutellate spot just behind the middle 
of the head ; two round black spots under base of head ; two black 
spots projecting inward at front edge of mesothorax; a brown stripe 
across hind edge of each abdominal segment, interrupted on anterior 
four rings by median line of the body. Joints oflegs edged with black 
brown. 

Specimens vary much in extent and intensity of dark lines and spots, 
as usual. 

Length .40 inch. Twelve specimens. 
From Buteo Swainsonii, (No. 239.) Collected August 27, 1872, at Lower 

Geyser Basin, Wyoming Territory. 
Differs remarkably in form and size from any figured by Denny. 
I have-in describing this species used, for compari~on, a specimen 

of this genus from Goose Lake, Siskiyou Fig. 62 . 
County, Cal., (J. Holleman,) in which the head 
is triangular, and the tarsal joints not dilated, 
and second joint is much shorter and thicker. 
Its host not indicated. 
IJocophorus syrnii, n. sp. (Fig. 62; a, an-

tenna; b, hind leg. 
Head a little longer than broad, being a 

little longer than usual; two-thirds as wide 
as abdomen. Mouth caYity deeply excavated. 
Trabeculre small, acutely pointed, projecting 
slightly beyond the head. Two oblique 
chitinous bands diverge from base of head 
to upper side of base of trabeculre; antennrn 
slender, of the usual form; five-jointed; 
fourth joint much shorter than :fifth. Pro 
thorax trapezoidal, half as wide as head; me
sothorax wide, projecting considerably beyond 
the succeeding segment; edge more bulging DOCOPHORUS SYNRU, 
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than others. Abdomen regularly oval, but little broader than long, 
with tile usual triangular pale horny pieces on each side of segments, 
with a few long hairs, especially toward end of body. 

Length, .09 inch. Four specimens. 

Li vcs on Syrnimn nebulosurn, ( ~ No. 55, private collection.) Collected 
November 24, 1872, at Locust Grove, New York, by 0. H. 1\Ierriam. 

Of tile species figured by Denny, it approaciles nearest in the form 
and shape of the head to D. testudinarittts, (Children,) Back's Narrative, 
&c. It is allied iu form to D. ostralegi Denny, but the protborax is 
shorter; and to D. icterodes Nitzsch but the head is much broader. From 
D. communis Nitzsch, it differs considerably, the head being shorter and 
broader, and the trabeculro much smaller, judging from Denny's figures. 



DESCRIPTION OF NEW PARASITIC ·woRMS FOUND IN THE 
BRAIN AND OTHER PARTS OF BIRDS. 

BY A. s. P-iCKARD, JR., 1\L D. 

Amorig the zoological specimens collected by Mr. C. H. 1\ierriam, in 
explorations under Professor Hayden in the summer of 1872, were speci
mens of' an apparently undescribed. worm found" under the eyes" of a 
hawk. In describing this worm, we had occasion to compare it with an 
undescribed species of the same genus of worm in the museum of the 
Peabody Academy of Science, and found by Mr. Walker in the brain of 
the night-hawk, 

Indeed, one of the most obscure subjects in zoology is the history and 
development of animal parasites, and. especially those which take up 
their abode in the brain of different animals. Professor \\-.,..yman has 
described, in the ''Proceedings of the Boston Society of Natural History" 
for October 7, 1868,* a species of round worm in the brain of seventeen 
out of nineteen specimens of the Anhinga, or snake-bird, shot in ]'lorida, 
thus proving that " their presence in the cranial cavity might be called 
the normal condition of this bird." He remarks that" parasites have 
occasionally been found infesting the brain or its membranes in man 
and animals, but far less frequentl.Y than in the other regions of the 
body. The number of species thus far observed is quite small, and are 
chiefly referable to the genera Tcenia, Filaria, Trichina, and Diplosto
rn'ltm, and confined almost wholly to man and domesticated animals, 
such as the slleep, reindeer, dromedary, horse, and ox; and, among wild 
animals, to the chamois, roebuek, and a few others. That they have 
not been more frequently seen in the wild species is, without doubt, due 
to the fact tllat the brains of these have been so seldom examined for 
the purpose of detecting them." These worms, "which correspond 
very nearly, if not ideutieal, with the Eustrongylzts papillosus, Diesing," 
were found in every in~tance coiled up on the back of the cerebellum, 
their number varying from two to eight. Tlle male is only half as thick 
as the female, and tlle end of its bods· is always more closely coiled than 
in the female. · 

This worm is viviparous, the young hatching in the oviduct. ·Their 
earlier stages are unknown, but the analogy of the Gordiaceous and 
other worms leads to the supposition that the parasite of the brain of 
the Aubinga is one of the migratory kinds, and that a part of its life, at 
least, is passed in a locality quite different from that in which it was 
detected. The manner in which the transfer of the embryo is effected, 
outwardly to some other animal, or the water, and then back to another 
Anhinga, is 'Yholly unknown. 

Ensi'rong.l}lus buteonis, n. sp. 
This tllrea<l-worm seems to agree generically with the species of Eus

t1·onyglus, said by Professor Wyman to ''correspond. very nearly, if not 
iuentical, with the Eust;·onyglus papillosus Diesing, found in the brain 
of the Anhinga bird of Floriua. Our species is, however, much shorter 
and thicker. 

~<An abstract, vdth figmes, of this interesting paper may also be found in the 
"American Naturalist," vol. 2, p. 41, 1869. 
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1Jfale.-(Fig. 63, a, magnified ten times.) Body cylindrical, rather 
short and thick; head cylindrical, pointed, conical, much slenderer than 

Fig. 64. 

EHSTRORGYLUS BUTEONIS, EUSTRONGYLUS BUTEONIS. EUSTRONGYLUS CHORDEILIS. 

the other end. I can perceive no papilloo around the end of the head. 
End of the body rather more incurved than in the female, bluntly 
conical; penis forming a single spiculum, a little curved, and inclosed in 
a bivalved sheath, one valve being truncate and the other pointed, and 
reaching nearer the end of the penis than the truncate valve. 

Length .40 inch. Two individuals. 
Female.-(Fig. 63, b, magnified ten times.) Over twice as large as 

the male; the body short and thick; the head subacutely conical, with no 
papilloo that I can see; end of the boc.ly obtuse; extreme tip slightly 
mucronate. 

Length one inch. Two individuals. 
Four spedmens, taken from "under the eyes of Buteo Swainsoni, (No. 

269,) collected September 15, 1872, at Snake River, Wyoming Territory," 
by C. H. Merriam. 
Eustrongylus cl•ordeilis, n. sp. (Fig. 64, magnified ten times.) 

An outline figure of a worm, generically identical with E. buteonis, is 
introduced in order to bring out more clearly the specific characters of 
the latter species. Two femaleR were taken by Mr. C. A. Walker "from 
the brain of the night-hawk, (Olwrdeilis Virginiamt.s,) shot in June, at 
Campton, New Hampshire, and presented to the museum of the Peabody 
Academy o'f Science, at Salem, Massachusetts. It is a much slenderer 
form than E. buteonis, but much shorter and thicker than the species 
described and figured by Professor Wyman. Both ends of the body are 
much alike, the anal end being much more pointed than in E. buteonis, 
and the anterior end of the body le§s tapering. 

Length .70 inch. 
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NOTE.-We would invite the special attention of the members of the 
suryey and other traveling and collecting parties to the preservation in 
alcohol of the parasites of birds, mammals, snakes, lizards, and frogs. 
Search for them in the brain, u.nder the skin, and in the intestines, lungs, 
and liver of all these animals. Also look for various bot-fly larv::e under 
the skin of the buffalo, deer, elk, squirrels, and all sorts of mammals. 

The beaver in Europe is tenanted by a singular flattened parasite, 
somewhat flea-like, the discovery of which is to be looked for in this 
country. Moreover, hair-worms (Gordius), and the intestinal worms of 
the Indians a1·e much desired. 

47 G S 





DESCRIP'fiON OF NEW INSECTS. 

BY A. s. PACKAI'm, JR., M.D. 

DIPTEROUS LARVA FOUND IN TilE GIZZARD OF PI CO IDES ARCTICUS. 

Fig. 65,. a, dorsal, b, ventral \icw of larva; c, end of body; d, side 
view of end of body; e, dorsal view of end of body; j, head, greatly 
magnified. 

Body white, cylindrical, a little flattened, with tweh·e segments exclu
sive of head, the segments moderately convex. Head yery minute, 
sunken in the small pro- · 
thoracic segment, (which Fig. 

6
5· 

is much smaller than the e 
second or mesothorac1c cS 
segment;) subtriaugular 
in form, a. little longer 
than broad; a trans\·erse 
suture just in front of in
sertion of antennm indi
cates the posterior edge 
of the clypeus. Anteunm 
cylindrical, two-jointed, 
the second joint longer 
than basal, and . rather 
slenderer, its tip reaching 
as far as the end of the 
head. · 

Terminal segment of the 
body much Smaller and DIPTEROUS LARVA. 

narrower than the penultimate, bearing two large, stout, upcurved 
corneous hooks, with adjoining bases; nine stigmata, one ou prothorax 
and one on first eight abdominal segments, round minute, corneous, the 
ninth round, with a round area on one side. 

Length .35 inch; 135 specimens taken '~from the gizzard. of Picoides 
arcticus, (No. 236,) Lower Geyser Basin, August 26, 1873, by C. H. 
l\lerriam." Some of these larvce were half grown. ~lost of t l1 em were 
perfectly preserved; a few had been partiall,y djgested. vViLh them 
were associated a part of the body of a Oerambycid larva, and a portion 
of the elytra of a Scolytus-like beetle, so that they must have co we from 
under the bark of some tree. 

rrhis larva, remarkable for its large sjze, its minute head, and terminal 
upcurved hooks, like those of many coleopterous larvce living under 
bark, seems to be relate<!' to the young of the Oecidomyiadcc, or perhaps a 
closely allied group, from the two-jointed antennce, the geueral form of 
the minute bead, and the presence of nine stigmata. Several Cecidomyia 
larvce have a pair of anal appendages, though not so marked as in the 
present form. 
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ARACHNIDA. 

lxocles bovis Riley. (Packard, in First Report Peabody Academy of 
Science, 1869, Fig. 66, fully gorged individual, natural size, and an
other empty, enlarged; Fig. 67, mouth-parts much enlarged.) 
.A reddish coriaceous flattened species, with the body oblong oval, 

contracted just behind the middle; head short and broad, not spined 
Fig. 66. Fig. 67. behind, withtwodeep,round 

pits; palpiand beak together 
unusually short_; palpi long 
and slender; labium short 
and broad, densely spined 
beneath; above, the mandi
bles are smooth, with ter
minal hooks; thoracic shield 
distinct, one-third longer 
than wide, smooth and pol
ished, convex, with the ly~ 
rate mesial convexity very 
distinct. The whole body 
is sparsely covered with mi
nute hairs. Legs long and 
slender, pale testaceous red; 
coxre not spined. 

IXODES BOVIS. IxonEs,MouTH-PARTs. Length of body, .15 of an 
inch; width, .09 of an inch. 

This species, which occurs in great abundance at times on cattle in 
the West, and Texas and Central America, was also detected by Mr. 
~Ierriam on a porcupine, ( Erethizon epixanth'lls,) August 10, 1872, at 
Henry:s Lake, Idaho Territor.v; and on Lepus-Bairdii, (No. 47,) col
lected September 15, 1872, at Snake River, Wyoming Territory. 

Argas Americana, n. sp. (Fig. 68.) 
Though our specimens are fro111 Texas, (Belfrage,) yet this interesting 

Fig. 68. genus, which has not been known before to 
inhabit America, is associated with Ixodes 
bovis, having been received in a lot of 
Ixodes taken from cattle. 

Body very fiat and thin, oval, with the 
bead and mouth-parts concealed by the 
overreaching dorsal portion of the body, 
which is bent upward around the margin, 
though the edge is not revolute. Body 
above covered with very numerous little 
round pits, large in the middle and becom
ing smaller on the edge. There are two 
large, conspicuous oval pits on middle of 
the anterior third of body; just in front of 
the middle a transverse curved row of six 
smaller pits, three on each side. Behind 
are six prominent pits, three on each side. 
On posterior third of the body are rows of 

ARGAs AMERicANA. these punctures radiating outward. The 
edge of the body is roughly granulated. J\fargin of body beneath pitted 
as auove. Smooth between the legs and on the head. Palpi long and 
slender when stretched out, not reaching the edge of body. Legs large 



GEOLOGICAL SURVEY OF THE TERRITORIES. 7 41 

and stout, hind pair just reaching edge of body. Claws long and curved, 
as usual. 

Length, .26 inch ; breadth, .15 inch. 
It is nearly alli-0d in form to Argas Persicus, (see Plate 33, Fig. 6, D., 

Insectes A pteres, Walkenaer et GerYais,) but differs in the edge of body 
being more finely granulated, and in the pits posteriorly being arranged 
in radiating Jines. The Persian Argas is extremely troublesome to 
travelers in the East, and the American species is noticed here as it 
was found among a number of Ixodes bovis taken by 1\Ir. G. W. Belfrage 
from cattle in Texas . 

• 



• 



INSECTS INHABITING GREAT SALT LAKE AND OTHER SALINE 
OR ALKALINE LAKES IN THE WEST. 

BY A. s. PACKARD, JR., M.D. 

The subject of brine-inhabiting insects is one of very considerable 
interest, both in a physiological and zoo-geographical point of view, as 
well as from its bearings on questions relating to the earlier geological 
history of the American continent. 

Professor A. E. Verrill has found the larvm of Ohironomus oceanicus, 
Pack., living at the enormous depth of 120 feet in the sea at Eastport, 
Maine. We have also found the same insect between tide-marks, in 
Maine and 1\iassachusetts, and have, in company with Professors .Moebius 
aud Kupffer, dredged a very similar species at the depth of three or four 
fathoms, in the bay of Kiel, on the shores of the Baltic Sea. Thus an 
air-breathing insect., whose congeners live in fresh-water pools, is capa
ble of living at considerable depth in the sea 

Now, exceedingly few insects which pass their life in fresh water are 
found ,living in the sea; on the other hand, we know of many more 
marine genera of shrimps, &c., (crustacea,) which live in fresh water; 
such are species of Palmmon and allies, and Gammarus; several species 
of the former genus are found living in bodies pf fresh· water, both in 
the Southern States and in Italy. All the fresh-water forms of life have 
probably come from salt-water ancestors, as, in the early geological ages 
there were no· large bodies of fresh-water; and as in the present day, 
both in the great lakes of America (Lakes Superior and 1\Iichigan) and 
the deep lakes of Sweden, which were formerly arms of the sea, we :find 
marine crustacea in the water, at the bottom, while the surface-water 
contains fresh-water forms. 

As extremely interesting in this connection, I will tram;late, from an 
able memoir of Professor F. Plateau,* some conclusions from his ex
tended studies of the action of the sea on fresh-water insects and crus
tacea, and of fresh water on marine crustacea. 

ARTICULATES LIVING IN FRESH WATER. 

1. Sea-water has but a very feeble influence, or none, on aquatic Col· 
eoptera (beetles) or Hemiptera, (bugs,) in the perfect state; this influ
ence is perhaps a little greater for the larvm. 

2. Sea-water injures such fresh-water articulates as have a thin skin, 
or branchim, and these effects are, in general, the more marked as the 
extent of the thin skin is greater. 

3. The fresh-water articulates which can live with impunity in sea
water, are those in which there is no absorption of salt water by the 
skin; those which die in a comparatively short time, have absorbed 
chloride of sodium and magnesium. 

4. The injurious salts contained in sea-water, are the chlorides of so
dium and of magnesium; the influence of sulphates may be regarded as 
nothing. 

5. The difference in density which exists between fresh and salt water 
does not explain the death of fresh-water articulates in salt water. 

• Recherches Physico-Chemiques aur les ArticulCs Aquatiques. Bruxelles, 1870. 
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6. When fresh-water articulates pass by a very slow transition from 
fresh into salt water, and when, during this transition, reproduction has 
taken place, the new generation resists much longer the action of salt
water than the ordinary indi\iduals of the species. 

1\1ARINE CRUSTACEA. 

7. The most common crustacea of our shores die in fresh water, after 
a time, varying with each species, but not passing beyond nine hours. 

8. Marine crustacea plunged in freRh water lose the salts (especially 
the chloride of sodium) with which their tissues are impregnated. 

9. In the greater number of cases the presence of chloride of sodium 
is a part of the indispensable conditions of the existence of marine crus
tacea. This salt seems to be the sole necessity. 

10. Small indi\iduals, and those which, having just moulted, have the 
teguments thin, resist less than the others the influence of liquids of 
exceptionable composition. 

11. The difference between the densities of sea and fresh water can· 
not be considered aFS the cause of the death of marine crustacea in fresh 
water. 

12. (Applicable to the two groups.) The principle of endosmose ex· 
plains the absorption of salt by the thin tegument or branchial surface 
of fresh-water articulates placed in sea-water; the diffusion of gases 
and dialysis, operating with more energy for the chlorides of sodium 
and magnesium than for the sulphate of magnesium, showing in virtue of 
which cause that the chlorides alone of sea-water are absorbed. Finally, 
dialysis explains how marine crustacea, when placed iu fresh water, 
lose in this liquid the salts with which they were impregnated. 

So much has been said about the absence of life in the Great Salt 
Lake, that an erroneous impression may prevail as to the life of that, 
and similar though smaller lakes. With a view of imparting what 
knowledge we now have as to this subject, in order to earnestly call the 
attention of those who live near the shores of Great Salt Lake, and 
travelers and collectors to this subject, I will give a brief account of 
what is known regarding articulate life in these saline waters. 

In 1852 Mr. T. R. Peale prepared for Stansbury's "Report on the 
Valley of the Great Salt Lake of Utah," p. 370, an account of the insect
life of the lake. He stateR that in a mass of exuvim of insects brought 
from the sbores of the Great Salt Lake, there was an abundance of the 
larvm and exuvim of the pupm of Chironomus, and fragments of other 
tipu1id::e. 

Afterward 1\Ir. S. A. Briggs, of Chicago, noticed and figured i11 
"Science Gossip," (London,) a creature whose zoological position he 
did not know. It was the larva of a species of Ephydra. 

This pnpm-case was afterward described by me under the name Ephydrtt 
gracilis.* The specimens were collected by 1\Ir. Sereno Watson. Other 
specimens of the larvm, as well as pupm and adult flies, were collected 
by 1\Ir. S. A. Garman, and also by Mr. J. A. Allen, and are in the Museum 
of Comparative Zoology at Cambridge, and will be described hereafter. 
The Ephydra sometimes occurs in large quantities. 

I have also received from 1\fr. Garman two specimens of Gorixa taken 
by him from the lake. 

Undoubtedly other insects will be found in Salt Lake, and we trust 
some one of the readers of this article will make a careful examination 

*American Journal of Science and Arts, Febuary, 1871. 
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of the shores o_f the lake, and carefully preserve and forward to the 
office of the survey every trace of life he may find. 

In proof of this supposition, I may state that the late lamented Pro
fessor Torrey, in 1870, made an exceedingly interesting collection of 
insects in the brine of Clear Lake, California. This collection comprised 
two aquatic beetles, (Laccophilus decipiens, Lee., and Berosus punctatissi-
1nus,) and the early stages of three flies, i. e., a species of Tanypus, 
,Stratiornys, and Ephydra Oalijornica Pack. 
' This last species lives in the "excessively salt, but also strongly alka
line" Lake Mono, in California.. The late Mr. Horace Mann,jr., remarked 
that the Indians about Mono Lake eat the pupm-cases of Ephydra in 
large quantities. 

Two hemipterous insects also inhabit Clear Lake, i.e., a Gerris-like 
form, Hydrotrechus robustus Uhler, and Oorixa decolor Uhler. 

The genus Ephydra is also an inhabitant of salt-vats and of the shores 
of the ocean. The larvm live on decaying organic matter. 

We now come to that strange crustacean or shrimp-like creature, the 
Arternia, an animal found in different parts of the world in salt-vats, 
~aline pools and lakes. The family to which it belongs is, par excellence, 
a fresh-water group, and though the respiratory surface of the false 
gills presents an enormous extent, and one judging by the principles 
advanced by Plateau, as quoted above, (section 2,) would think this to 
be the last animal to be readily adapted to a saline life, yet it :flourishes 
in immense numbers in the densest and strongest brine. 

The brine crustacean of Salt Lake was first described by Professor 
A. E. Verrill, in the American Journal of Science and Arts, November, 
1869, under the name of Arternia fertilis. It was collected at Salt Lake 
by 1\fessrs. Sereno Watson, D. C. Eaton, and S. A. Briggs. The former 
alludes to its occurrence in vast numbers. 

J\ir. S. W. Garman, who bas specially observed this creature while alive 
in the lake, writes the foUowing notice of its habits to the American 
Naturalist for December, ls:72. ''A peculiarity of the little crustacean 
(Artemia fertiliw, Verrill) living in the waters of Salt Lake, which ought 
to be noticed, is that of its congregating in masses of strange appear
ance in the water. When the masses are small they sometimes stretcll 
out so as to have the form of a serpent. All other times they represent 
rings, globes, and various irregular figures. A gel).tle breeze does not 
affect the water filled by Artemim, so that while the water on all sides 
of these dense congregc.ttions is slightly ruffled, that which they occupy 
remains as if covered by oil, thus indicating the figure of the mass. J\I.r 
attention was called to them by seeing on the surface the figure of a great 
serpent in one place and in another what appeared to be a small stream 
of comparatively still water :flowing out through the lake. Though I 
waded out to and through these immense bodies, I could not positively 

·ascertain that the individuals were traveling in a common direction; 
tlw time was too short to determine this, yet I think it is the fact." 

It is apparent that a study of the habits of this animal is much to be 
desired, and collections of the eggs, young, and both sexes in large 
quantities and preserved in strong alcohol, are greatly needed for the fur
ther elucidation of its mode of life and structure. 

\Ve baYe shown that the animal life of the great Sa1t Lake is, we bad 
almost said, abundant, and the idea of Professor Baird, if carried out, 
of stocking this lake with fish, is not an impracticable one so far as na
tural food for sn~h fish is concerned. 
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OTHER FRESH-W .A.TER ORUST.A.CE.A. .ALLIED TO .A.RTEMT.A.. 

There are certain other remarkable crustacea found living in pools 
which are apt to dry up late in the summer, which are allied to the 
.A.rtemia, and are locally abundant in the far West. This notice is 
inserted to call the attention of travellers and collectors, as well as 
members of the survey, to them. 

First, the shelled crustacea, or Limnadia and Estheria. These are 
singular crustacea, which are protected by a valve-like expansion of the 
back, so that the body is inclosed by two shells, and the creature bears 
a most remarkable likeness to the bivalves of pools and streams, ( Oyclas.) 
In Texas a species of Limnadi (L. Texana Pack.) is quite common, ac
cording to Mr. Belfrage, in Western Texas in the early spring. It occurs 
in muddy pools made after rains, and wholly disappears with the first 
drying of the pools. ''.As far as I have seen, they are only found in the 
woody bottom-lands and always near creeks.'' It may also be looked 
for in Colorado, Kansas, and Montana, and probably .Arizona. 

With these bivalved crustacea occur usually in great numbers, when 
found at all, .A.rt.emia-like animals, the Branchipus, specimens of which 
are most desirable to compare with the brine crustacean. But the 
most interesting of all these phyllopod crustaceans is the A pus, an animal 
found abundantly at times in pools in Kansas, and Texas, and Mexico, 
and the plains of the Rocky Mountains. In collecting the .A.pus, large 
numbers of the young and old are desired, preserved in strong alcohol, 
and the exact date and locality should be inserted in the bottle, written 
on a piece of firm paper, in pencil or ink. 

These animals are about an inch long; a round shield, bearing simple 
and compound e;'\'es, protects the front part of ,the body, while the binder 
portion is long and narrow, consisting of many segments, bearing beneath 
leaf-like gills. The body ends in two long feelers, much like those arising 
from the head. They have been fouud by Von Siebold to be partbeno
genous, i.e., the females produce young from eggs without union with 
the other sex. 

North .America is richer than any other quarter of the globe in species, 
though it is a remarkable fact that none are known to exist east of the 
:Mississippi River. 



BOTANY. 

BY JOHN M. COULTER. 

WASHINGTON, D. C., April15, 1873. 
SIR : I have the honor of presenting to you my report upon the bota

nical specimens collected this last summer. 
I have separated the botany of the region I traversed into three 

divisions, sufficiently distinct, in my opinion, to form as many separate 
fl.oras, and have given their different conditions of soil and climate. 

I have included in my notes upon the mountain-fl.ora a short table of 
timber-lines, showing the variation in the height of the timber-line, 
depending on the latitude and the presence of elevated plateaus or large 
bodies of water. The latitude is given with each peak, but the other 
conditions are so well known it was thought unnecessary to include 
them. 

I have also added three tables comparing the fl.ora of the western 
slope of the Rocky l\Iountains, between latitudes 43° and 46o, with that 
of the eastern slope. The tables were compiled from the collections of 
1871 and of this last season, and are necessarily imperfect, though they 
will serve to give some idea of the distribution of phenogamous vegeta
tion on both slopes of the dividing-ridge. 

Of grasses, about sixty species were obtained; of mosses, :fifty-three 
species; of lichens, sixty-six species, including varieties, of which one 
is probably new to science, and two new to the continent. Among the 
few Fungi collected, two new species have been described by Charles 
H. Peck, esq. There probably will be in the whole collection nearly 
1,200 species of plants. 

I wish here to express my thanks for the many favors I have received 
from botanists. To Professor Thomas 0. Porter were intrusted all the 
doubtfnl specimens and new specie8 of Phenogamia, and I am under 
the greatest obligation to him for his prompt attention and ready 
response, as well as for the great interest he has always shown in my 
work. He very kindly consented to make a re-examination of my whole 
collection of Phenogamia, except the Oonijerm, and to correct the mis
takes of inexperience. 

Through the kindness of Dr. George Vasey, I have had access to all 
the collections at the Agricultural Department, which proved of infinite 
service. I would thank him also for the interest he took in my work, 
and for the valuable assistance he repeatedly rendered me. 

Thanks are due also to Henry Willey, esq., Charles H. Peck, Leo 
Lesquereux, S. T. Olney, George Thurber, and others for the determina
tion of those species to which they have devoted special attention. 

The study of western fl.ora is an immense field open now to all lovers 
of botany, and many rich harvests are waiting to be reaped by the in
dustrious co1lector. Hoping that under your auspices in the future, 
as in the past, much information may be added to our comparatively 
meager knowledge of western botany, 

I am, very respectfully, your obedient servant, 
JOHN M. COULTER. 

Dr. F. V. HAYDEN, 
United Stales Geologist. 
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The plants Jatalogued in the present volume were all collected during 
the season of 1872. I was attached to the party under command of 
Captain Ste,Tenson, and Jemained with it through the whole summer, 
Up to the Fire Hole Basin, Philo J. Beveriuge acted as my assistant. 
and proved himself an active, earnest worker. 1\fost of the collection 
was pressed by him, and the care he always took has made handsome 
specimens. 

In the party under the immediate direction of Dr. Hayden, 1\fr. Wal
ter Platt took charge of the botanical collections, and rendered good 
service in the region he traversed. Although the plants common to 
the mountain ranges and valleys along the Yellowstone are not es~en
tially different from those found along Snake River, yet it is interesting 
to note the fact of their existence on both ·the eastern and western 
water-sheds. A slight difference can be traced, but by no means suffi
ciently great to justify making two distinct floras, one of the eastern, 
the other of the western slope. 

Collections were commenced in the last of }fay at Ogden, Utah, 
where our permanent camp was located until the last of J nne. During 
this time a fine opportunity was afforded for studying the local flora of 
the plain boruering on Great Salt Lake, as well as that part of the 
Wahsatch range of mountains, near which Ogden is situated. The flora 
of this great basin has been so thoroughl,y examined and described by 
Sereno Watson in his final report that very little can be said in addi
tion. Several trips were maue to the shores of Great Salt Lake, and 
collections. were obtained of the flora of that peculiar region. During 
our stay of a month over three hundred species were collected, repre
senting fully the June vegetation of that locality. Representatives 
were obtained from four different conditions of soil and temperature, 
viz, the borders of Salt Lake and its neighboring alkaline marshes; 
the common sanely sage-brush plain, somewhat enriched here by the 
irrigation universally practiced in Utah; the alluvial deposits along 
Ogden and Weber Rivers ; and the mountains of the Wahsatch Range. 
On the latter very few alpine plants were discovered, for a sub-alpine 
flora clothes almost entirely the highest peaks, 

From Ogden collectionR were made in the latter part of J nne along 
the stage-route to Fort Hall; in July from Fort Hall to the Teton Basin 
and western slopes of the Teton Range; in An gust, up Henry's Fork to 
Henry's Lake, across the ''Tyghee" Pass and into the Fire-Hole Ba
sins. After this date the flowering season had about passed, and only a 
few species not before collectetl were noticed. Collections were made 
in September and the first of October down the South Fork of Snake 
RiYer, principall:y of plants in an advanced state of fruitage, On Oc
tober 11 we closed our collections at Fort Hall, having been about five 
months in the field. 

I would divide the plants collected into three separate and distinct 
floras, viz: 

I. The flora of the plains from Ogden, Utah, to the Teton Basin. 
II. The flora of the Teton Range and 1\Iountains along the Yellow

stone. 
III. The flora of the Geyser Basins. . 
Although a few flowers are common to all these divisions, as can be 

seen in the following catalogue, yet the main features are very distinct. 
I. The Flora of the plains is exactly what has been so often seen and 

described on all the vast "sage-brush" deserts of the West. It is pecu
liar to this dry, sandy region, yet much more luxuriant than one would 
imagine from the nature of the soil. At the same time it becomes ex-
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tremely monotonous, as a, few species exhaust the number, and you can 
obserye but au endless display of individuals. As justly remarked by 
C. C. Parry, in his "Botany of the :Mexican Boundary," "the peculial'i
ties of the scenery of a country depend upon its vegetable productions." 
Thus one who has ever traveled across these sand deserts will not fail 
to picture them in his memory, connected with the universally prevalent 
gray or dull oli Ye color of the herbage. Hence, owing to the immense 
number of individuals represented by only a few species, the scenery of 
the country has an unpleasant sameness. The extensive plains exhibit 
a monotonous succession of tile same forms, and the botanist, knowing 
ex~ctly what to expect, loses the zeal he would possess in a more varied 
region. Occasionally, where a stream has made a richer soil, there is a 
change from desert to valley flora, and the more brilliant hues of the 
vegetation, from the delicately tinted petals to the rich green leaves, is 
a wonderful rest to the eyes and awakens new zeal. 

On all these plains an entire absence of trees is noted, except a few of 
stunted growth ~Hong the larger streams; while the mountain-ranges 
are sparingly timbered with Ooniferw from base to summit, intermixed 
aloug some of the foot-hills with "bitter cottonwood." Upon the plains 
around Ogden a variation in the flora is noted as we near Great Salt 
Lake. The higher types seem unable to exist in the strongly alkaline 
soil, and give place to the Ohenopocliacem. This family is well represented 
here, as is common along all bodies of salt water, not so mucll by 
the number of species as by the immense display of individuals. Small 
Polygonurns and EujJlwrbias also mat the ground in places, but are by 
no means so abundant as the Chenopods, chiefly represented by the 
genus Obione. Wherever the soil is largely charged with alkali the 
"grease-wood" (Sarcobatus vermiculatus) is Yery abundant. In almost 
the same situations were always found the Halostaohys occidentalis, Sali
cornia herbacea, and Eurotia lanatctJ, as well as numerous other chf'no
podiaceous plants. 

Farther back, toward the mountains, the higher types appear again, 
and with a greater richness of color than seems possible in such soil. 
Of course the Artemesias are common everywhere, and especially .d. 
triclenta.ta, completely covering the plains and far up the mountain 
Rlopes. Among the shrubby Arteruisias can be seen the beautiful Calo
chortus Nuttallii, the "Sego" of the :Mormons, numerous Phloxes and 
Gilias, brilliant-flowered Cacti, several species of Eriogonmn, chiefly E. 
ovaUjolium, E. heracleoides, and E. mnbellatmn, several species of fEno
thera, Astragalus, Phacelia, and many others equally important that 
might be meutioned. Along the water-courses may be seen two bright 
.Mimuli, JJ[. Leu;isii and Jlf. l1tteus, several labiate plants, two species 
of rose, R. fraxinijolia and R. blanda, many Ran1mculacem, the two 
brilliant Gctpparidacece, Ole01ne wurea and Oleome integrifolia, several 
Onagracem, &c. 

All of these orders are far surpassed by the Oompositcc, both in the 
great variety of species and the immense display of individuals. Se
reno Watson estimates that they comprise one-seventh of western col
lections, and he by no means overestimates them. 

II. The flora of the mountain-ranges. The plants collected from the 
Wah::;atch Mountains, near Ogden, are, for the most part, sub-alpine, and 
almost identical with those collected at: equal altitudes on the Teton 
Range, and seem to be identical with those common to every range in 
the North,~est. But the Tetons rise so much higher, and are exposed 
constantly to such severe cold from snow and winds, that, above 10,000 
feet, I gathered a flora such as I saw nowhere else on the trip. A.ppar-
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ently delicate plants were seen blooming through the snow, and vegeta
tion, though limited in species, seems abundant until within three hun
dred feet of the summit of Mount Hayden, where all plant-life ceases, 
except a few lichens clinging to a bare rock, which is swept continually 
by fierce winds. A fine field was presented here for the collection of 
truly alpine plants, and no opportunity was lost for obtaining anything 
peculiar to this great elevation, unusually exposed, as it is, to tempests. 
All the alpine plants are noted in the catalogue, and the elevations 
given at which they were collected. The Teton Range is heavily tim
bered with Ooniferce, chiefly Pinus ponderosa, to an altitude of 11,000 
feet, this being the average timber-line of the whole range. The maxi
mum growth is at an altitude between 8,000 and 10,000 feet. A marked 
difference is observed, however, between the western and eastern slopes, 
the latter being much more densely timbered than the former, and the 
trees much larger and less twisted and gnarled. This seems to result 
from the fact tllat on the eastern side the Tetons rise almost sheer out 
of the plains, presenting an enormous perpendicular wall, behind which 
the trees of the eastern slope are completely shel'tered; wllile, on the 
west, the peaks are rounded dow11 into the plains by the foot-hills, and 
this whole, broad, sloping side is exposed to every blast from the north 
and west. 

One noticeable feature in the tree-life on the mountains is the abrupt
ness with which it terminates at the average height of 11,000 feet. Tali, 
straight Ooniferce are seen growing to the very edge of this line, and 
one step takes us from a forest to a bleak, open waste, where not a tree 
can Jive, except a few stunted and twisted forms that have been bent 
out of all shape by the superincumbent mass of snow that rests upon 
them during the winter. These stunted forms, sometimes even with 
their tops matted close to the ground, are always found growing behind 
some wall of rock or steep bank, where the winter snows accumulate in 
immense drifts and completely cover and protect them during the blight
ing winters of that high altitude. According to Parry "the so-called 
timber-line marks the extreme point of minimum winter temperature, 
below which no exposed phrnnogamous vegetation can exist." All life 
above this limit is buried by the deep winter snows, and thus protected ; 
hence in this truly alpine region many plants are found tllat are com
mon at much lower altitudes. The flowering season is necessarily short, 
and we were fortunate in being upon the Tetons in the very midst of it, 
during the last part of July. 

I have said tllat all phrnnogamous life ceases within 300 feet of the sum
mit of Mount Hayden, which is about 13,800 feet above the level of the sea. 
This is owing to the great sharpness of the peak not allowing the 
snow to rest upon it, but to accumulate in great banks upon its lower 
slopes. Bence there is no prote~tion for plants during the long winters 
abmTe this bank, and we pass suddenly from a bright, varied alpine 
vegetation to bleak, lichen-covered rocks, just as, 2,000 feet below, we 
passed suddenly from forest growth to a low, matted vegetation. It is 
noticeable that the timber-line becomes lower as we advance farther 
north in almost a fixed proportion to the latitude. The altitude of this 
line was accurately measured by Mr. Henry Gannett upon every mount
ain he a,scended, and I insert below a table containing the altitude of 
this line upon several peaks, together with their approximate latitudes. 
vVe were unfortunate in obtaining no accurate measurement upon the 
Tetons, and hence the altitude of the timber-line upon this isolated 
range is but approximate. 

The timber-lines in Colorado are mostly from Parry's measurements. 
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I include also a few peaks on other continents, for the sake of comparison, 
the latitudes of which are approximate, as their positions are well 
known. The table is arranged according to the latitudes, commencing 
at the northernmost point and running south. 

Name. 

Timber-line on Bridger's Peak, Montana ..•..•...•.•.....•.. 
Timber-line on Monnt Delano, Montana------ .........••••. 
Timber-line on Ward's Peak, Montana ..................... . 
Timber-line on Mount Blackmore, Montana ................ . 
Timber-line on second caftan of Madison River, Montana .. . 
Timber-line on Electric Peak, vVyoming .................•.. 
Timber-line on mount near Henry's Lake, Idaho .....•...... 
Timber-line on Mount Washburn, vVyoming ............... . 

Timber-line on Mount vVashington, New Hampshire .....•••• 

Timber-line on Cascade Range, Oregon ......... ·- .......•.. 
Timber-line on Mount Hayden, Teton Range .......•.....•.. 
Timber-line on Wind River Mountains------ .............. . 
Timber-line on Mount Shasta, California ......•.........•.. 
Timber-line on Gilbert's Peak, in the Uintas ...•.•...••..... 
Timber-line on Long's Peak1 Colorado ..................... . 
Timber-line on Audubon's Peak, Colorado ................. . 
Timber-line on Mount Engelmann, Colorado .............. .. 
Timber-line on Berthoud's Pass, Colorado ................. .. 
Timber-line on Gray's Peak, Colorado ........... , ......... . 
Timber-line on Pike's Peak, Colorado ...•....... _ ....•.•..•. 

Latitude. 

0 

45 47 
45 3:2 
45 30 
45 26 
45 00 
44 58 
44 55 
44 48 
44 00 
44 av. 
43 44 
43 00 
41 15 
40 50 
40 20 
40 00 

....... -...... - .. -... 
39 50 
39 45 
38 53. 

Timber-line in Colorado in generaL .................................. .. 

Timber-line on San Frandsco Mount, Arizona . . • • • • • • . • . • • . 35 30 

FOREIGN P.EAKS. 

Timber-line on Alps ..••••...•.....•.•...•.....•.•..•.•.... 47 to 44 00 
'l'imber-linc on 1Etna ...................................... 37 48 
Timber-line on Himalayas................................. 28 to 30 00 
Timber-line on Teneriffe ..•......... ---- ................... 27 45 
Timber-line on Andes, in South America .............................. .. 

Timber-line on Andes, in Mexico .......................... . 

Ele
vation. 

9,002 
8,i84 
9,156 
9,550 
9,754 
9,442 
9 36tl 
9: ~JOO 
5,000 

to 5, 200 
7,000 

11,000 
H\ 1GO 
8,000 

11, 100 
10,800 
11, 3:2G 
11,518 
11,816 
11,643 
12,040 

5 11,600 
{to 12,000 

11,547 

6,500 
6,600 

11,800 
7,300 

5 11,000 
{to 1~, 000 

12,800 

It will be seen that there is a very regular increase in the elevation 
of the timber-line as the latitude decreases, subject of course to varia
tions when in the neighborhood of high table.Jands or seas. As we 
approach the sea the timber-line rapidly sinks, until it is rarely over 
7,000 feet in elevation, while, upon the mountain-peaks that rise above 
elevated plateaus, it reaches au elevation of nearly 13,000 feet. 

This immense extent of high land of course raises the temperature, 
and, by allowing the height of the timber-line to depenu upon the 
mean anmtal temperature of the place, the difference between the height 
of the line near table-lands and seas is accounted. for. 

The Wahsatch Range, near Ogden, is almost entirely destitute of 
trees, their place being supplied by tangled shrubs. Occasionally a 
small, stunted pine is met with, and the common juniper, (J. occidentalis.) 
The most common shrub is the Oeanothus velutimts, forming patches so 
tangled as to be almost impassable to the climber. The OercocaTpus 
ledijolius, or "mountain mahogany," was also noted in considerable 
abundance to the height of 7,500 feet. 
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HI. The flora of the Pire-Hole Basin is distinct, from the fact that it is 
a region so covered with hot springs and geysers, giving in the ge,rser
ite, scattered everywhere, an unnatural soil, and creating an artificial 
war.mtb. The geyserite is. a 'bleak, barren waste, supporting only plants 
peculiar to itself, and seeming to kill everything of a different nature. 
A great number of the hot springs have made deposits until they have 
almost closed themselves up.· On top of this a soil has collected, the 
spring underneath keeps it warm; and the luxuriant growtb of a regular 
hot-bed is the result. The plants that grow in such situations are not 
all of them different in species from those that grow in the valleys near 
by, but they spring up much ranker and attain two or three times their 
usual size. To some plants of common species the soil gives such a dis
colored appearance as to make them at first scarcely recognizable. Por 
instance, take the Gentians that are represented here so profusely. G. 
detonsa, G. affinis, and G. Amarella were repeatedly met with disguised 
by perfectly black stems and veins, leaves unusually dark, and petals 
with the black appearance common to dried specimens. This was the 
case only in the immediate neighborhood of the hot springs. Elsewhere 
tbey retained their original co.loring, though growing much ranker than 
I ever saw them. 

The plants growing on the geyserite are chiefly of the composite 
family, represented by the genera Solidago, Senecio, Ohmnactis, Linosy
ri.~;;, Antenna ria~ and Achillea. In Rome of the hot springs in both Upper 
anu Lower Geyser Basins an Alga was discovered growing·, but it came 
East in such a condition that its species could not be determined. Also 
in the Lower Basin were fonnd some orange-colored confervoill specimens, 
concerning which Charles H. Peck, esq., to whom they were sent, re
marks, "I believe they .have been described under the name Oonfen:a 
aurantiaca, but it is now generally regarded as the primary state of some 
plant of higher order, moss or fern." 

In all this western region the botanist notices the absence of one great 
group of plants. The Perns are almost unrepresented here, owing to 
the great dryness of the climate. Being fond of dark, clamp places, 
they are seldom fonnd in this elevated region, where the air is dry and 
pure. Occasionally, in some dark and unusually damp canon, a few 
stunted forms were found, and then in no great abundance. Two locali
ties only were noted where Perns were found in any size and abundance: 
once in the new Geyser Basin, discovered on Shoshone Lake, being 
there the hot-bed growth before mentioned; and next under the shadow 
of the Tetons, on the eastern slope, where a mountain-stream bad made 
a rich deposit, and no sunlight could come on account of the immense 
growth of Ooniferm. But seven genera were found, including ten spe· 
cies, viz, one Pteris, two Pellmas, one Oryptogramme, two Aspidittms, 
one Oystopteris, one Botrychium, and two Wooclsias. Of these the Cys
topteris fragilis was by far the most abundant. Botrychium lunarioides, 
Yar. obliquum, was found only in the Geyser Basin. 

Mosses were very abundant, both along the cold streams of dark 
canons and also upon the bare rocks of the mountain tops. A consider
able collection was made, numbering fifty-two species. Some were easily 
determined by comparing with dried and labeled specimens, but the 
doubtful ones were sent to Leo Lesquereux, esq., Columbus, Ohio, who 
has done them full justice. It will be noticed that some were unable 
to be determined on account of having no fruit, especially specimens of 
the genus Bry~tm. The order used in cataloguing them is that of the 
"Jlfusci Boreali-Americani" of Sullivant and Lesquereux. 

Lichens were common on the volcanic rock of the Teton Range. Some 
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of the peaks seemed perfectly ~overed with them, hardly a square inch 
being seen that did not bear some brilliantly-colored specimen. They 
seemed to grow in greater abundance and more brilliancy of color on 
basaltic rock than on grauite. Specimens were obtained mostly late in 
tlte season, and rather a large collection was secured. They were sent 
to Henry vVilley, esq., New Bedford, Massachusetts, and he deserves 
great credit for the prompt and accurate maimer in which he worked tllem 
up. The number of species collected, including their several varieties, 
i ' sixty-£even, all of which are moun ted and labeled. 

Fungi occurred in considerable abundance, but as' no conveniences 
for preserving them were proYi(led, but a small collection could be made. 
They were sent to Charles H. Peck, Albany, New York, who bas done 
more than could be expected with the very indifferent material sent to 
him. The fleshy fungi are hard subjects to deal with in the field, and 
several expedients were resorted to for preserdng them. Au attempt 
was made to presen'e them by pressing sections, but it was found im
possible to keep them from gluing tbemselves to the paper suitable for 
pressing flowers, and thus ruining specimens. The very few .that I 
did succeed in bringing home in this manner could not be determined. 
The list of fungi tllerefore is rather small, although containing two new 
species. Tlli~ is a group that has never been tlloroughly examined in 
the West, and I ha.ve .no doubt that a elose scientific investigation 
would disclose hundreds of species new to science. A wide and. an in· 
teresting field is here laid. open to the mycologist. 

For the convenience of those interested in comparing the flora of the 
eastern and western slopes, I add here three tables compiled from the 
collections made in 1871 and. 1872. Having but the work of two seasons 
as material, the tables are, to a certain extent, necessarily imperfect, and 
future collections will make many corrections, but tbey will serve to 
show the general distinctions. None of the plants peculiar to the Great 
Salt Lake Basin are included. No attempt was made to include the 
Cryptogamia, as they are not sufficiently known. It will be remembered 
that collections were mad.e on the Hocky Mountain slopes between lati
tude 430 and 460. 

PHlENOGAMIA FOUND ON BOTH SLOPES. 

Clematis verticillaris. 
Douglasii. 
ligusticiiolia. 

Anemone multifida. 
Thalictrum Pendleri. 
Ranunculus aqnatilis, 

var. trichophy llus. 
var. stagnalis. 

Cymbalaria. 
repens. 
nivalis, 

var. Escbscholtzii. 
Flam mula, 

var. reptans. 
Caltha l13ptosepala. 
Trollius laxus. 
Aquilegia ccerulea. 

fiavescens. 
Delphinium Menziesii. 

elatum, 
var. (1) occidentale. 

Aconitum nasutum. 
Act2ea spiGata. 
Berberis Aquifolium. 

48 G S 

Nnphar advena. 
Arabis Drummondii, 

var. alpina. 
Cardamine paucisecta. 
Erysimum asperum. 

<Jhcirant boides. 
Sisymbrium canescens. 

jnnceum. 
Smelowskia calycina. 
St.anleya viridiflora. 
Pbysaria didymocarpa. 
Draba alpina. 

nemorosa, 
var. lutea. 

Viola Nuttallii. 
Silene acaulis. 

1\fenziesii. 
Lychnis Drummondii. 
Stellaria longi pes. 
Arenaria lateriflora. 

eongesta. 
arctica. 

Claytonia Caroliniana, 
var. lan<Jeolata. 
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Claytonia Chamissonis. 
Talinum pygmrenm. 
Sphreralcca acerifolia. 
Lmum perenne. 
Geranium Richardsonii. 

Fremontii. 
Lnpiuus polyphyllus. 

coospitosns. 
leucopbylbs. 
laxiilorus. 
ornatns. 

Trifolium longipes. 
Haydeui. 

Glycynbiza lepidota. 
Hedysarum boreale. 
Astra.galns hypoglottis. 

campestris. 
O:s:ytropis Lamberti. 
Thermopsis fabacea. 
Spirma betnloofolia. 
Genm trifiorum. 

strictum.. 
lYesia Gordoni. 
Potentilla fruticosa. 

Inillegrana. 
Anserina. 
diversrfolia. 
glaudnlosa. 
Nm'Ycgica. 

Rubus Nutkam1s. 
strigosus. 

Amelancuim' Canadensis, 
Yar. alnifolia. 

Ribes bracteosnm. 
viscosissimum. 
lacustre. 

Saxifraga nivalis. 
bronchial is. 
oppositifolia. 
hieracifolia. 
pnnctata. 

Jamesii. 
Tellima parvifiora. 
~litella pentandra. 
Hencbera parvifolia. 
Pamassia :fimbriata. 
Epilobinm panicnlatum. 

tetragonum. 
Gayophytnm diifusnm. 

racemosum. 
<Enotbera triloba. 

hetem.n t.ha. 
bjeunis. 

Ment~elia loovicaulis. 
Bupleurum ranunculoicles. 
Carum Gairclneri. 
Osmorrbiza nuda. 
Sinru angustifolium. 
~lyrrbis occidentalis. 
Cyruopterns freniculaceus. 
Heracleum lanatus. 
Cornns pubcscerrs. 
Sywphoricarpus montanus. 

occidentalis. 
Lonicera involucrata. 
Galinm boreale. 

Aparine. 
trifid urn. 

Valeriana ednlis. 
Machoor .. mthem canescens. 

Aster in~egrifoliu~. 
glacial is. 
adsceudens. 
salsnginosus. 
multitlorns. 
elegans. 
Haydeni. 

Erigeron Bellidiastrum. 
glabellum. 
corymbosum. 
macranthum. 

Townsenclia scapigera. 
Solidago gigantea. 

Virga-aurea, 
var. multiradiata. 

Linosyris viscidi:flora. 
Aplopappus ::lCaulis. 
Grindelia squarrosa. 
Chrysopsis villosa. 
Iva axillaris. 
Helianthus lenticularis. 
Hcliantbella uui:flora. 
Heliomeris multiflora. 
Chrnuactis Douglasii. 
Bahia leucopbylla. 
Actinella granditlora. 
Amicla birsuta. 
Achillea 1\lillefolium. 
Artemisia. Lucloviciana. 

discolor. 
tridentata. 
dracuncnloides. 

Gnapbalinm luteo-album, 
var. Sprengelii. 

Antennaria alpina. 
margaritacea. 
Carpathica, 

va.r. pulcherrima. 
dioica. 
racemosa. 

Senecio Andiuus. 
lngens. 
an reus. 
triangularis. 
llydropbilus. 

Arnica cordifolia. 
Chamissonis. 

Arnica augustifolia. 
Tetradymia caucscens. 
Cirsium foliolosnrn. 

Drummondii. 
Stepbanomeria exigna. 
Hieracium Scouleri. 

'Crepis occidentalis. 
acuminata. 

Macrorrbyncns troximoides. 
glaucns. 

Mulgedium pulchellum. 
Porterella carnulosa. 
Campannla rotundifolia, 

var. linifolia. 
Arctostaphylos Uva-Ursi. 
Ledum glanclulosum. 
Bryantbus empetriformis. 
Pyrola cblorantba,. 

rotundifolia, 
var. incarnata. 

secunda. 
Moueses uuiflora. 
Chimaphila nm bellata. 
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Pterospora An<lromedea. 
}lonotropa Hypopitys. 
Dodccatbeon .Mcadia. 
Androsaee septeutrionalis. 
Lysimachi~t ciliata. 
Apbyllon t;tsciculatum. 
Collinsia p;wvifiora. 
Pentstcmon confertus, 

· var. cccrulco-purpureus. 
dcustus. 

.:\Iimulns Lewisii. 
lute us. 

Veronica alpiua. 
serpyllifolia. 
Americana. 

CastilJeia pallida. 
Pcdicularis Grccnlandica. 

raccmosa. 
bracteosa. 

Orthocarpns lutens. 
Ennanus Fremontii. 
V erbeua bracteosa. 
. Mentha Canadensis, 

var. glabrata. 
Dracocephal um parv i:florum. 
Brunella vulgaris. 
Stachys palnstris. 
Mertensia Sibirica. 

alpina. 
Echiuospermum de:flexum, 

var. floribundnm. 
Eritrichium villosnm, 

var. aretioides. 
leioearpnm. 
crassisepalum. 

Phacelia circioata. 
sericea. 

Phlox longifolia. 
Collomia linearis. 
Gilia congesta, 

var. crebrifolia. 
pun gens, 

var. squarrosa. 
Polemoninm confertum. 

cccruleum. 
Frasera spcciosa. 
Gentiaua affinis. 

detonsa. 
Apocynum cannabinum. 
Chenopodium album. 

hybrid urn. 
Blitum capitatum. 
Monolepis chenopodiodes. 

Obione canescens. 
Awarantus aJbus. 
Eri8gonum ovalifolium. 

umbellatnm. 
heracleoides. 
microtbecum. 

Oxyria digyna. 
Rumex salicifolius. 
Polygouum amphibium, 

var. terrestre. 
tonne . 
Bistorta, 

var. oblongifolium. 
Shepherdia Canadensis. 
Comandra pallida. 
Arceuthobium Americanum. 

. Euphorbia serpyllitolia. 
Betula occidentalis. 

glanuulosa. 
Alnus incaua. 
Salix arcrica. 

longifolia. 
cordata . 

Populus tremuloides. 
balsamifera, 

var. augustifolia. 
Pinus fiexilis. 

contorta, 
var. latifolia. 

Abies Douglasii. 
Engelmanni. 

Juniperus occideutalis. 
L emna trisulca. 
Sparganium simplex. 
Potamogeton perfoliatus, 

var. lanceolatus. 
Habenaria hyperborea. 

dilatata. 
Spiranthes Romanzoffiana. 
Iris tenax. 
Sisyrinchium Bermudiana. 
Zygadenus Nuttallii. 

glaucus. 
Streptopus amplexifolius. 
Smilacina racemosa. 

stellata. 
Ca1ochortus Nuttallii. 

euryearpus. 
Lloydia serotina. 
Milla grand i:flora. 
Allium brevistylum. 

stella tum. 

PII1ENOGAMIA FOUND 

Ranunculus N elsonii. 
ONJ,Y ON TIIE EASTERN SLOPE. 

Nasturtium obtnsum. 
Cardamine hirsuta. 
Arabis hirsuta. . 

Drnmmontlii. 
perfoliata. 

Thelypodinm integrifolium. 
Vesicaria alpina. 
Draba glacialis. 

nemorosa. 
Lepidium intermedium. 
Viola Canadensis. 

can ina, 
• var. sylvestris. 

Cleome integrifolia. 

Silene Douglasii. 
antirrhina. 

Arenaria Fendleri. 
Stellaria crassifolia. 

borealis. 
Cerastium arvense. 

vulgatum, 
var. Behringianum. 

nutaus. 
Sagina Linnrei. 
Paronychia scssili:flora. 
Spraguea umbellata. 
Claytonia linearis. 
Lewisia rediviva. 
Malvastrum Munroanum. 
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Malvastrum coccineum. 
Geranium Carolinianum. 
Rhus aromatica, 

var. trilobata. 
Acer glabrum. 
Astragalus diphysu . 

Canadensis, 
var. Mortoni. 

Kentrophyta. 
alpin us. 
tegetarius. 
caryocarpus. 
oroboides, 

var. Americanus. 
frigidus. 
bisulcatus. 
pauciflorus. 

Oxytropis multiceps. 
Lathyrus palustris. 
Spirrea crespitosa. 
Cercocarpus ledifolius. 
Sibbaldia procumbens. 
Chamrerhodos erecta. 
Potentilla pulcherrima. 

Pennsy 1 van ica, 
var. strigosa. 

fissa. 
Nuttallii. 

Cratregns sanguinea. 
Ribes hirtellum. 

oxycanthoides. 
prostmtum. 
cereum. 

Saxifmga crespi toRa. 
Heuchera cylindrica. 
Parnassia parviflora. 

palnstris. 
Sedum stenopetalum. 

rhodanthum. 
Epilobium augustifolium. 

sufl'ruticosum. 
alpinum. 

<Enothera alllicaulis. 
marginata, 

var. purpnrea. 
Gaura cocciuea. 
Mentzelia ornatus. 
Cymopterus alpinus. 
Thaspinm trifoliatum. 
Cornus Canadensis. 
Linnrea borealis. 
Galinm triflorum. 
Liatris punctata. 
Aster Engelmauni. 

falcatus. 
Towusendia grandi:flora. 

spatlmlata. 
Erigeron acre. 

compositum. 
crespitosurn. 
canescens. 

Diplopappus alpin us. 
Solidago neruoralis. 
Linosyris Howardii. 
Aplopappus lauceolatus. 

inuloides. 
crespitosus. 

Rudbeckia laciniata. 
Helianthus Nuttallii. 

IIelianthus petiolaris. 
Hymenopappns tenuifolius. 
Helenium autnmuale. 
Artemisia trifida. 

cal!la. 
vulgaris. 
biennia. 
frigida. 
.Hichardsoniana. 

Arnica longifolia. 
Senecio canus. 

Fremontii. 
Cirsinm undulaturu. 

disaolor. 
Echinais carlinoides, 

var. nutans. 
Calais nutans. 
Hieracium albiflorum. 
Lygodesmia spinosa. 

juncea. 
Crepis runcinata. 

Andersonii. 
Taraxacum Dens-leonis. 
Gaillardia aristata. 
Mulgeduim leucophreum. 
V accinium Myrtillus. 
Kalmia glauca, 

var. microphylla. 
Plantago (',riopoda. 
Primula farinosa. 
Androsace filiformis. 
Pheliprea Ludoviciana. 
Pentstemon glaucus, 

var. stenosepalus. 
Menziesii. 
cristatus. 
attenuatus. 

Limosella aquatica. 
s~~nthyris piunatifida. 
Castilleia affinis, 

var. minor. 
Veronica scutellata. 
Verbena hastata. 
Lycopus Virginicus. 
Monarda fistulosa. 
Lophanthus urticrefolius. 
Eritrichium glomeratuw. 
Echinospermum Redowski, 

var. occidentale. 
Myosotis sylvatica, 

var. alpestris. 
Hydrophyllnm capitatum. 
Phacelia Menziesii. 

Frankliuii. 
Nemopbila parviflora. 
Phlox Douglasii, 

var. diffusa. 
Gilia pusilla. 

liniflora. 
Polemonium creruleum, 

var. toliosissimum. 
Gentiana Amarella, 

var. stricta. 
Apocynum audro~remifolium. 
Acerates dccum liens. 
Oxybaphus augustifolius. 
Abronia fragrans. 
Blitum polymorphum. 
Sureda depressa. 
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Salicornia. berbacea. 
Eriogonum ovalifolium, 

var. tennis. 
Polygonum viviparurn. 
Euphorbia glyptosperma. 

dictyosperma. 
Euphorbia montana. 
Urtica gracilis. 
Alnus viridis. 
Pinus monophylla. 
Abies Menziesii. 
Juniperus communis. 

Lemna minor. 
Potarnogeton rufescens. 

pectinn.tus. 
Triglocbin maritimum. 
Xerophyllum tenax. 
Prosartes tracbycarpa. 
Fritillaria. pudica. 

atropurpurea. 
Erythronium grandiflorum. 
Allium Scbamopra:.um. 

bisceptrum. 

PH1ENOGAMIA FOUND ONLY ON THE WESTERN SLOPE. 

Cl~>matis lignsticifolia, 
var. breviflora. 

alp ina, 
var. Ochotensis. 

Ranunculns affinis. 
adoneus. 

Delphinium scopulorum. 
Preonia Brownii. 
Dicentra nniflora. 
N asturtiurn cnrvisiliqua. 

palustre, 
var. hispidum. 

Cardamine oligosperma. 
Arabis retrofracta. 
Vesicaria arctica. 
Draba stellata. 

a urea. 
Lepidium montanum. 
Barbarea vulgaris. 
Viola cucullata. 
Cleome aurea. 
Arenaria verna. 

pun gens. 
Hypericum Scouleri. 
Lupinus pusillns. 

parviflorus. 
Trifolium Kingii. 
Hedysarnm Mackenzii. 
Astragalus pictus. 

Geyeri. 
Oxytropis nana. 
Spirrea dumosa. 

betnlrefolia, 
var. rosea. 

Millefoli u m. 
Geum macrophyllnm. 
Potentilla arguta. 

di versifo1ia, 
var. multisecta. 

Fragaria vesca. 
Virginian a. 

Rosa blanda. 
fraxinifolia. 

Pursbia tridentata. 
Dryas octopt·tala. 
Tellima tenella. 
.Mitella trifida. 
Sedum Rbodiola. 
CEnothera marginata. 

scttpoidea. 
An dina. 

Ga.ura parvifl.ora. 
Lythrum alatum. 
Augolica Breweri. 
Sium lineare. 

Cicuta maculata. 
Conioselinum Canadense. 
Lonicera Utahensis. 
Valeriana dioica, 

var. sylvatica. 
Eupatorium purpureum. 
Aster pulchellus. 

Sayi. 
Townsendia strigosa. 
Erigeron filifolium. 

graudiflorum. 
Solidago Guiradonis, 

var. spectabilis. 
elongata. 

Linosyris Howardii, 
var. Nevadensis. 

Aplopappus suffruticosus. 
uniflorus. 

Balsamorrhiza Hookeri. 
sagittata. 

Rudbeckia occidentalis. 
Helianthella mnlticaulis. 
Layia glandulosa. 
Gnapbalium microcephalum. 
Antennaria Carpathica. 
Arnica latifolia. 
Senecio Pendleri. 

subnudus. 
Stephanomeria pn.niculata. 
Malacothrix sonchoides. 
Crepis nana. 
Vaccininm ovalifolium. 

Myrtilloides. 
nliginosum. 

Pyrola aphylla. 
picta. 

Kalmia glauca. 
Plantago Patagonica, 

var. gnapbalioides. 
Glaux maritima. 
Aphyllon unifl.orum. 
Pheliprea erianthera. 
Utricularia vulgaris. 
Pentstemon acuminatus. 

glaucus. 
glaber . 
confertus. 
cyanauthus. 
Meuziesii, 

var. Lewisii. 
Mimulus moscbatus. 

floribnndus. 
lute us, 

var. alpinus. 
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Veronica Anagallis. 
peregrina. 

Synthyris alpina. 
Castilleia flava. 

parvifl.ora. 
Peuicnla.ris Suuetica. 
Orthocarpus Tolmiei. 
Cordvlanthus ramosus. 
Scntellaria galericnlata. 
Physostegia. parviflora. 
Merteusiu. brevisty la. 
Lithospermum pilosum. 
Eritrichium angustifolium. 

Californicum. 
Coldenia, Nuttallii. 
Pi ptocalyx circumscissus. 
Hydrophyllum capitaturn, 

var. alpinum. 
Phacelia Ivesiana. 
Nama demissa. 
Phlox canescens. 

coospitosa. 
Uollomia linearis, 

var. subulata. 
Gilia aggregata. 

intertexta. 
leptomeria. 
fl.occosa. 
pusilla, 

var. Californica. 
Nicotiana attenuata. 
Gentiana simplex. 

Amarella. 
calycooo. 

Asclepias speciosa. 
Chenopodium album, 

Obione argentea. 
Eurotia lanata. 
Grayia polygaloides. 
Eriogonum Kmgii. 

cernuum, 
var. tenue. 

flavum. 
coospitosum. 

Rumex maritirnus. 
paucifolius. 
venosus. 

Polygonum Bistorta, 
var. linearifolium. 

Ceratophyllum demersum. 
Urtica dioica, 

var. occidentalis. 
Parietaria Pennsylvanica. 
Salix reticulata. 

arctica, 
var. Brownii. 

glauca. 
Salix cordata, 

var. angustata. 
amygdaloiues. 

Pinus ponderosa.. 
Abies graudis. 

amabilis. 
Juniperus Virginiaua. 
Typha latifolia. 
Sagittaria variabilis. 
Hauenaria frotida. 
Goo<lyera Menziesii. 
Corailorhiza multiflora. 
Veratrum album. 
Camassia esculenta. 

var. leptophyllum. 
Alluim acuminatum. 

cernuum. 

RANUNCULACE1E. 

Clema.t·is ligusticifolia, 'Nutt.-Port Neuf Calion, Idaho Territory, 
July. 

Clema.tis ligusticifolia, Nutt., var. breviflo'ra, T. & G.- Blackfoot 
River, Idaho Territory, July; near Brigham City, Utah Territory, June. 

Clematis verticillaris, D .. C., (C. Columbiana, T. & G., Atragene Ameri
cana, Sims.)-Teton Mountains, elevation 11,000 feet, July. 

Clematis Douglasi·i, Hoolr., (C. Wyethii, Nutt.)-Teton Mountains, 
elevation 10,000 feet, July; Snake River Valley; Fort Ellis, Montana 
Territory. 

Olema.t·is alpina, Mill., var. Ochotensis, Gray.-Teton Mountains, eleva
tion 10,000 feet, July. 

Anemone ?nultijida, D. C.-Mountains near Clark's Fork, Wyoming 
Territory, elenttion 9,000 feet, August; Snake River Valley, July; 
:b~ort Ellis, Montana Territor)~. At this last locality b~th red and white 
flowers were collected. 

Anemone multijida, D. C., var. ~ "Dwarf, 6-8'; <livisions of the leaves 
lance-ovate, becoming glabrous; petals 5 to 6, deep red; heads of car
pels globose; carpels woolly below, smooth above; st.yle recurved." 
Professor Porter.-Teton Range at 10,000 feet altitude, July 24. 

Thalictrmn Fendleri, Engelm.-Reu Mountain, elevation 9,600 feet, 
September; Teton Range, elevation 10,000 feet, July; Fort Ellis, l\fon
tana Territory; Henry's Fork of Snake River. 

lJfyosurus aristatus, Benth., (Lond. Jour. Bot., 6, 458.)-Black Buttes, 
June. 
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Ranwwu,lus cu]_uatilis, L. var. trichophyllus, Chaix.-Near Ogden, 
Utah ·rerritory, June; Heart Lake, September; Snake Hiver Valley, 
August. 

Ranwwulttts aquatilis, L., var. stagnalis, D. C.-Divide between Marsh 
and 1\falade Valleys, J nne. 

Rannnculus Flwnmulct, L., var. reptans, Gray.-Henry's Fork of Snake 
River, August; Teton Basin, ,July; Trail Creek Mountains, September. 
Ra.nunculttt.~ Oyrnbularia, Pnrsh.-Near Ogden, Utah Territory, May; 

Fort Ellis, Montana. Territory, July; Henry's Lake, Idaho Territory, 
August. 

Ranunculus c~tfinis, R. Br.-Teton Mountains, elevation 10,000 feet, 
July. 

Ranuncuhts nivalis, R. Br., var. Eschscholtzii, S. Watson.-Upper 
Teton Canon, July. 

Ranuncnll~;s repens, L.-Near Ogden, Utah Territory, June; Henry's 
Fork of Snake River, August; Teton River, July. 

Ranun<;ulus macranthus, Scheele, (R. repens, var. macranthus, Gray.)
Ogden Uailon, Utah Territory, ,June. 

Ranunculns adonettts, Gray, (En. Hall and Harbour's Plants, p. 56.)
Henry's I_jake, Idaho Territory, August . 
. Ranunculus Nelsonii, Gray, (Proc. Am. Acad., 1\.fay, 1872, p. 351.)

Yellowstone Lake, 1871. 
Oalthc~; leptosepa,la, D. C.-Teton Mountains, elevation 11,500 feet, 

Julv. 
Trollins la.TJus, Salis b.-Teton Mountains, elevation 12,000 feet, July; 

Trail River .:\1ountains, September . 
.Aquilegia cmrulea., James.-Teton Mountains, elevation 8 to 10,000 feet. 

Flowers were noted of four distinct colors with all their intermediate 
shades, viz, white, blue, pink, and buff; July. 

A.quilegia flctvescens, S. Watson, (Clarence King's Rep., Yol. v, p. 10.)-
0gden Canon, Utah Territory, June; Yellowstone Lake, August; Trail 
River Mountains, September; mountains near Henry's Lake. 

Delphiniwn elc~tum,.L., var. ~t) occidentale, S. Watson.-Teton Foot-hills, 
Suly. 

Delphinium ll1enziesii, D. C.-Near Ogden, Utah Territory, May; 
Teton :Mountains, elevation 10,000 feet, July. 

Delphinittun scozmlorwn, Gray, (Plantrn Wrightianrn, 2, p. 9.)-Teton 
Foot-bills, August 3. 

A.conitwn nctsu.tum, Fisch.-Yellowstone Lake, August; Upper Gey
ser Basin, September; Teton Canon, July. 
· A.ctcect spicata, L., var. arguta, Torr.-Upper Teton Canon, July. 
Pmm~ia Brownii, Dougl.-Snake River Valley, July. Every specimen 

found had but two carpels instead of 3-5. The seeds are eaten by the 
Boise Indians as beans. 

BERBERIDA.CE.J.E. 

Berberis Aquijolium, Pursh.-Plains and foot-hills near Ogden, Utah 
Territory, June; Lower Fire-Hole Basin, .A.ngust, in fruit. 

NYMPHACE.J.E. 

Nuphar advena, Ait.-lienry's Fork of Snake River, July; Lower 
Falls of the Yellowstone, August 4. 

P A.P A. VERA.CE.J.E. 

A.rgernone Mexicana, L., Yar. hispida. Torr.-Near Brigham City, Utah 
Territory, June 25. 
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FU:HARIACEA3J. 

Dicentraunijtora, Kelloggioed., (by ProfessorThomHs C. Porter.) Dwarf, 
3-5'; scape 1-fiowered, furnished with one or two linear bracts; flowers 
6-7" long, apparently purple; sepals oblong, obtuse, 3-4" long, deep 
purple; outer petaJs contracted in the middle, the lower half with short 
rounded spurs, the upper hooded part oblong and widely recurved, 
spreading; inner petals abruptly expanded above the claw into sharp 
triangular wings, not crested. Summit of a mountain near Ogden, 
Utah Territory, and in the Teton Range at 10,000 feet altitude. Mr. 
Coulter says, ''It grows on the mountain tops where the snow 
has just melted, or even rarely in the snow itself. No leaves or any 
trttce of them were found, although the plant was collected both in June 
and Angu~t. I had described this plant as a new species, and named 
it D. ni'I-'C£lis, when I learned from Dr. Gray tllat it bad been discovered 
in the Sierra Nevada, as early as 1870, by Mr. Kellogg, who was about 
publishing it as D. 'ltniflora. 

CRUCIFERA3J. 

Nast'wtti'ltm o.fjicinale, Br.-Weber River, Utah Territory, June. 
Doubtless introduced. 

Nasturtium curvisiliqua, Nutt. MSS.-Henry's Lake, Idaho Territory, 
August. 

Nasturtium obtus'ltm, Nutt.-Growing in the spray of the lower falls 
of the Yellowstone, August. 

Nasturtium palustre, D. C., var. hispidum, Gray.-Great Salt Lake, 
,June. 

Barbarea vulgaris, R. Br.-Snake River Valley, August. 
Arabis Drummondii, Gray.-Near Ogden, Utah Territory, June. 
Arabis Drummondii, Gray, var. alpina, S. Watson.-Monntains near 

Henry's Lake, Idaho Territory, August. 
ATabis retrofractct, Graham.-Near Ogden, Utah Territory, June; Te

ton Basin, July 21; Shoshone Lake, September; Red Mountain, eleva
tion 10,000 feet; a very dwarf form. 

Streptanthus cordatus, Nutt.-Near Ogden, Utah Territory, June . . 
. Owrdamine hirs1tta, L.-Yellowstone Lake, August. 
Oardamine pctucisecta, Benth.-Teton Canon, July. 
,,GaTdamine oligospe-rrna, Nutt.-Teton Mountains, elevation 10,000 feet, 

July. 
Vesicaria arctica, Richards.-Teton Mountains, elevation 10,000 feet, 

July. 
Physa'Pia. didyrnocarpct, Gray.-Teton Mountains, elevation 12,000 feet, 

July. 
Draba a urea, Vahl.-Teton Mountains, elevation 12,000 feet, July. 
Draba alpina, L.-Mountains near Henry's Lake, Idaho Territory, 

August. 
Draba dlpina, L., var., S. Watson, (near D. glacial·is, var. r, Hook.)

Teton Mountains~ elmTation 12,000 feet, July. 
Draba glac'ialis, Adams, (D. alpina, var. (~) S. Watson.)-Mountains 

near Ogden, Utah Territory, elevation 9,500 feet, J nne. 
Draba stellata, Jacq., (Watson in Clarence King's Rep., vol. v-, p. 21.)

Teton Mountains, elevation 11,000 feet, July. 
SisymbTiurnjunceum, Bieb.-A form (~)-Snake River VaHey, July. 
8isymbriurn canescens, Nutt.-Weber River, Utah Territory, June; 

very variable. "Ah-tsah of the Pah- Utes." Watson. 
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Smelowskia cnlycina., E . . Meyer.-Teton Mountains, elevation 12,000 
feet, J nly; mountains along Clark's Fork, Wyoming Territory, elevation 
9,000 feet. 

Ery._'imum cheiranthoides, L.-Snake River Valley, July. 
Erysimu.m asperum, D. C.-Near Ogden, Utah Territory, May; Teton 

Mountains, elevation 10,000 feet, July. 
Stanleya, virid1~flora, Nutt.-Port Neuf Calion, Idaho Territory, July; 

Snake River Valley. 
Thelypodium Nuttallii, S. Watson, (Streptanthus sa,gittatus, Nutt.)

Near Ogden, Utall Territory, June; divide between Marsh and Malade 
Valleys; Yellowstone Lake, August. 

Brassica Sinapistrum, Boissier.-Fort Hall, Idaho, July. Doubtless 
introduced. 

Lepid·ium sativum, L.-lflowers rose-colored. Weber River, Utah Ter
ritory, June. Probably introduced. 

Lcpidium montanwn, Nntt.-Malade Valley, Utah Territory, June; 
Snake River Valley, July. Very abundant. A dwarf form was found 
near Fort Hall, Idaho. 

Thlaspi cochleariforme, D. C., (T. alpestre, L., Watson in Clarence 
King's Rep., vol. v, p. 31.)-Mountains near Ogden, Utah Territory, ele
vation 9,000 feet, June. 

Raphamts sativus, L.-Plains near Ogden, Utah Territory, June. 
Just beginning to run wild. 

VIOL.A.CEJE. 

Viola canina, L., var. sylvestr·is, Regel.-Upper Geyser Basin, Sep
tember. 

Viola Canadensis, L.-Union PaRs, Gallatin River, September. 
Viola Nuttallii, Pnrsb.-Little Cotton wood Calion, Utah Territory, 

June; Clark's Fork, \Vyoming Territory, elevation 9,000 feet; Trail 
Oreek Mountains, September; Teton Range, elevation 10,000 feet, July. 

Viola N~tttallii, Pnrsh. var. venosa., S. Watson. (Clarence King's Rep., 
vol. v, p. 35.)-l\Iouutaius near Ogden, Utah Territory, June. 

C.A,PPARIDACEJE. 

Oleome integrifolia, T. & G.-Great Salt Lake, June. 
Oleome a1trea, Nutt.-Ogden Canon, Utah Territory, June; Snake 

River Valley, July. Very abundant. 

CARYOPHYLLACE1E. 

Saponaria vaccatia, L., ( Vaccaria vulgar·is, Host.)-Near Ogden, Utah 
Territory, June; !fort Ellis, 1\iontana, July. 

Silene acaulis, L.-Teton .Mountains, elevation 12,000 feet, July 29. 
Silene Dmtglasii, Hook.-Yellowstone Lake, August. 
Silene Donglasii, Hook, var. C?) (S. Watson, in Olarence King's Rep., 

vol. v, p. 36.)-Fort Ellis, Montana Territory. 
SUene Jlenziesii, Hook.-Wooded canon of Teton River, July. 
Lychnis Drummondii, S. Watson, ( Silene Drummondii, Hook.)-Upper 

Canon of the Madison, August; Yellowstone Lake; Heart Lake, Sep
tember; Snake River Valley, July. 

Cerastium nutans, Raf'.-Gallatin Canon, Montana~ Territory, Sep
tember. 

Cera.stium vulgat'lon, L. var. Behringianum, Gray.-Mountains near 
Olnrk's Fork, Wyomin.g Territory; elevation 9,000 feet, August. 
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Oerastizun arvense, L.-Lower Fire-Hole Basin, .August. 
Oerastimn an,ense, L. var.-Yellowstone Lake, .August. 
Stellctria, longipes, Goldie.-Ogden Calion, Utah Territory, .T·une; 

Henry's Fork of Suake River, July. . 
Arenaria congesta, Nutt.-Shoshone Lake, September; Teton Basin, 

July; Snake l{,iver Valley, August. 
Arenaria pungens, Nutt.-Teton Mountains; elevation 11,000 feet, 

July. 
Arena·ria ·verna, L.-Trail Creek J\iountains, September; Teton Mount

ains, elevation 12,000 feet. 
A1·enaria arctica, Stev.-Red Mountain ; elevation 10,000 feet, Sep

tember. 
Arenaria laterijlora, L.-Trail River .l\fountains, September; Teton 

Mountains, elevation 11,500 feet, J nly; Snake River Valley, August. 
Sagina hinncei, Prest.-Lower Fire-Hole Basin, August. 

POR1'ULACACE~. 

TctlinU'rn pygmmurn, Gray.-Tower Falls, August; Red Mountain; ele
vation 10,000 feet, September. 

Olaytonia Oarolinianct, Michx., var. lanceolata, S. Watson. (0. lwnceo
lata, Pnrsh.)-1\lountains near Ogdeu, Utah Territory, June; Upper 
Teton Cailon, elevation 10,000 feet, July. 

Olaytonict linea.,ris, Hook.-Mountains along Clark's Fork, elevation 
9,000 feet, August. 

OlaA.Jtonia perfolia,tct, Don.-Mountains near Ogden, Utall Territory, 
elevation 10,000 feet, .June. A quantity of good specimens were col
lected, but were unaccountably lost. 

Olaytonia Ohamissonis, Escll. and Ledeb.-llenry's Lake, Idaho Terri
tory, August; Yellowstone Lake; Spray flower of tlle lower falls of the 
Yellowstone, August; Snake River Valley, July; Little Cottonwood 
Calion, Utah Territory, June 21. 

Sprague!t wnbellata, Torr.-Tower Falls, .August 2; Upper Geyser 
Basin near hot springs. 

Lewisict rediviva, Ph.-'-Fort Ellis, Montana. 

HYPERICACE~. 

Hypericum Scouleri, Hook.-Swamp near Ogden, Utah Territory, June 
18; Snake River Valley, July. 

MALVACE~. 

Sidalcea malvmjlora, Gray. (Sidia, D. C.)-Ogden Canon, Utah Terri
tory, June 15; 1\Ialade Valley, Utah. 

Malvastrzon coccineum, Gray.-Near Ogden, Utah Territory, May 31. 
Malvastr~tm Munroanurn, Gray.-Divide between l\iarsh and Malade 

Valleys, June 29. 
Sphce1·alcea acerifolia, Nutt.-Ogden Calion, Utah Territory, June; 

Teton Basin, J nly; Jackson's Lake, September. 
Malva rotundifolia, L.-Near Ogden, Utah Territory, JuHe; doubtless 

introduced. 

LIN ACE~. 

Linumperenne, L.-Ogden Canon, Utah Territory, June; Teton l\iount
ains, elevation 10,000 feet, July; Trail Creek Mountains, September; 
near Jackson's Lake, in fruit. 
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Linwn Kingii, "\Vatson, var. serloidcs, Porter.-Uintah ])fountains, 
\V~·oming Territory, August; Dr. Joseph Leidy. 

GERANIACEJE. 

Geranium R'ichaTdsonii, Fisch. & 1\fey.-Near Ogden, Utah Territory, 
May; North. Fork of Suake River, Jnly. 

·Geranium O(uoliniawum, L.-Near Ogden, Utah Territory, .Tune. 
Geranium Fremontii~ Torr. var.-Two forms, probably varieties of G. 

Freu~ontii, were found near Henry's Lake, Idaho. 

CELASTRINEJE. 

Pachystimct rnyrsinites, Raf. ( Oreophila myrtifolia, N utt. )-Near Ogden, 
Utah Territory, June. 

RHAMN ACEJE. 

Oeanothus velutinus, Dougl.-Mountains near Ogden, Utah Territory, 
June. 

SAPINDACEJE . 

.Acer glabrum, Torr. (A. tripartitmn, Nutt.)-Near Ogden, Utah Terri
tory, June; mountains along Clark's Fork, Wyoming Territory, eleva
tion 8,000 feet. 

AN ACARDIACEJE. 

The f'Ollowing two species were noted, but as specimens have been 
brought in betore, and they are unpleasant subjects to handle, they were 
not collected. 

Rhus toxicodendron, L.-~ear Ogden, Utah Territory, June. 
Rhus glabra, L.-Near Ogden, Utah r:rerritory, June; Fort Hall, Idaho 

Territory, July. 

LEGUl\fiNOSJE. 

Lupinus pusillus, Pursh.-Blackfoot River, Idaho, July 13. 
L1.tpinus parvijlorus, N utt.-Divide between Marsh and Malade Valleys, 

June; Teton Basin, July. 
Lupinus sericeus, Pursh.-Ogden Canon, Utah Territory, J·une. 
Lupinns cwspitosus, Nutt.-Henry's Fork of Snake River, July. 
£upimts ornatus, Dougl.-:Teton Basin, July; Henry's Fork of Snake 

River, August. 
Lupinus polyphyllus, Lindl.-Upper Teton Canon, July 28; near 

Brigham City, Utah, June. 
Lupimls lcucophyllus, Lindl.-Port Neuf Canou, Idaho, July; T~ton 

Basin, August. 
Lupinus laxijloTus, Dougl.-Trail Creek l\1ountains, September. 
JUedicctgo sativa, L.- Near Ogden, Utall, June; .Fort Hall, Idaho. 

Doubtless escaped. 
Triforlurm longipes, Nutt.-Plains near Ogden, Utah, June; Teton 

Basin, July. 
Trifol,inm Pctrry,i, Gray.-Brigham Canon, Utah, June. "Ripe legume 

stiped, stipe elongated, equaling in length the erect teeth of the calyx." 
Professor Porter. 
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Trifvliu.rn variegatu1n, Nutt,-Near Ogden, Utah, June; Little CottfJn
wood Ca.ilon, Utah, Juue. 

Trifolium. Haydeni, Porter. (Hayden's report for 1871.)-Mourtains 
near Henry's Lake, Idaho, August. 

Psoralea lanceolata-, Pursh.-Plains near Ogden, Utah, June. 
Astragaltts Canadensis, L.-Port Neuf Oanon, Idaho, July. 
Astragalus Canadensis, L. var.lJ,fortoni, S. Watson.-Port Nenf Canon, 

Idaho, July. , 
Astragalus hypoglottis, L.-Snake River Valley, July; near Fort.,Ellis, 

Montana, July. , 
Ast:ragaltts Utahensis, T. and G. (Gray's Rev. 1. c., 213.)-0gden, Ut~h 

July. ' 
Astragalus Geyeri, Gray.-Blackfoot River, Idaho, July. \ 
Astragalus tegetarius, S. Watson.-Near Fort Ellis, Montana, July; 

Snake River Valley, August. 
Astragalus carnpestris, Gray.-Near Fort Ellis, 1\fontana, July; Teton 

Basin; mountains near Henry's Lake, Idaho, August; Grand Canon of 
the Yellowstone; Clark's Fork, Wyoming. Very variable in the breadth 
of the leaves. 

Astragalusjunceus, Gray, (A. diversifolitts, Gray.)-Near Ogden, Utah, 
June; Snake Hiver Valley, July. 

Astragalus alpinus, L.-Yellowstone Lake, August. 
Astragalus pictus, Gray.-Snake River Plains, .July. Occurs in great 

abundance. 
Oxytropis na.na, Nntt.-In fruit. Henry's Fork of Snake River, July. 
Oxytropis Lamberti, Pursh.-In fruit. Snake River Valley, July. 
Glycyrrhiza lf'pidota, N utt.-Sand Creek, Idaho, October. 
Hedysarurn _lUaclcenzii, Hich.-Near Ogden, Utah, June. 
Hedysarmn boreale, Nutt.-Bear Hiver, Utah, June; Trail Creek 

Mountains, September; Teton Mountaius, elevation, 10,000 feet, July; 
Yellowstone Lake, August; remarkably glabrous. 

Vicia Americana, MuhL-Swamp near Ogden, Utah, . June; Divide 
between Marsh and Malade Valleys, near Brigham City, Utah. 

Lathyrus polyphyllus, Nutt.-Plains near Ogden, Utah, June. 
Lathy-rus palustris, L.-N ear Ogden, Utah, May. 
Lathyrtts palustris, L., Forrn.-Nmir Blackfoot River, Idaho, July. 
Lathyrus p(~lust'ris, L., var. myrtifolius, Gray.-Near Ogden, Utah, 

June. The specimen was collected, but unfortunately lost. 
Pisum arvense, L. AccidentaL-Port Neuf Canon, Idu,ho. 
Thermopsis jabacea, D. C.-Divide between Marsh and Malade Val

leys, June. 

ROSACEAJJ. 

Prun'lts demissa,, Walp.-Divide between Marsh and Malade Valleys, 
June. 

Spirma dumosa, Nutt.- (S. aricefolia, var. discolm·, T. and G.)-Twin 
Buttes, on Henry's Fork of Snake River, July. 

Spirma op1tlifolia, L.--Ogden Onnon, Utah, June. 
Spircea opul~folia, L. var. paucijlora, Hook.-Mountains near Ogden, 

Utah, June. 
·spirma betulcejolia., Pallas.-Teton Mountains, elevation 11,000 feet, 

July. 
Spirma betul(Jjfolia, Pallas, var. rosea, Gray.-Shoshone Lake, Septem

ber; mountains near Henry's Lake, Idaho, August. 
Spirma JVlillefolium, Torr. (P. R. R. Rep., vol. iv, p. 83, t. 5.) Snake 
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River Valley, Idaho, John .iJf. Cm.tlterj Ophir, Southern Utah, E. S. 
Blackwell. 

Rubus Nutkamts, Mog.-Ogden Uaiion, Utah, June; Teton Mountains, 
elevation 10,000 feet, July. 

Ru,bus strigoslts, Michx.-Madison River, August; Yellowstone Lake; 
Teton Basin, July. 

Purshia t·ridentctta, D. C.-Divide between Marsh and l\'falade Valleys, 
Juue. 

Cercocarpus ledifolius, N utt. "Mountain mahogany."-Mountains near 
Ogden, Utah, June. 

Dt·ydas octopctala, L.-l'eton Mountains, elevation 12,000 feet, July. 
Geum strictum, Ait.-Near Fort Ellis, Montana, July. 
Geum 'irtacrophyllum, Willcl.-Divide between Marsh and Malade Val

leys, June; Teton RiYer, July. 
Geum trifiorum, Pursh.- Mountains near Henry's Lake, August; 

mountains along the Yellowstone, elevation 8-10,000 feet; Tetou Basin, 
July. 

Fragctria Virginiana, Ehrh.-Mountains near Henryis Lake, Idaho~ 
August; Teton Basin, July. 

Fragaria vesca, L.-Ogden Canon, Utah, June; Teton Basin, July. 
Potentilla Norvegicct, L., a form approaching P. rivularis.-From Ross 

Fork to Fort Hall, Idaho, July. 
Potentilla Norvegica, L.-Malade Valley, Utah, June 27. 
Potentilla 1nillegrana, Engelm.-Port Neuf Cailon, Idaho, July; foot

hills of the Teton Range, August. 
Potentilla diversifolia, Lehm.-Yellowstone Lake, August. 
Potentilla diversifolia, Lehm., var. multisecta, S. Watson. (Clarence 

King's Rep., vol. v, p. 86.)-Teton 1\Iountains, elevation 11,500 feet, 
,Jnly. 

Potentilla pulcherrima, Lehm.-Near Ogden, Utah, June. 
Potentilla gracilis, Dongl.-Divide between l\Iarsh and Malade Val

Jeys, J nne; )j'ort Elli8, Montana. 
Potentilla gracilis, Dougl., var. flabelliformis, Nutt.-Henry's Fork of 

Snake River, July. 
Potentilla Anser·ina, L.-Near Ogden, Utah, May. 
Potentilla fruticosa.~ L.-Malade Valley, Utah, June; Henry's Lake, 

Idaho, August; Yellowstone River, elevation 6,400 feet; Teton Basin, 
~Tuly. 

Potentilla glanclulosa, L.-Upper Teton Canon, July; Henry's lfork of 
Suake River, August. 

Potentilla arguta, Pursh.-Divide between Marsh and Malade Valleys, 
June. 

Ivesia Gordoni, T. and G.-Red Mountain, elevation 10,000 feet, Sep
tember; Teton H.ange, elevation 10,000 teet, July. 

Rosa blanda, Ait.--Divide between Marsh and Malade Valleys, June; 
Fall River, Idalw, July. 

Rosa jraJ:inifoli6t, Bork.-Teton River, July 23. Collected in fruit but 
not in flower. 

Cratcegus 'rivularis, Nutt. (~) (Watson, in Clarence King's Rep., vol. v, 
p. 92.)-NPar Ogden, Utah, Juue. 

Cratcegus sanguinea, Pallas, var. Dottglasii, T. and G.-Fort Ellis, Mon
tana, July. 

Amelanchier Cana.densis, T. and G., var. alnifolia, T. and G.-Divide 
between Mar.sb and l\Ialade Valleys, .June; Teton Mountains, elevation 
10,000 feet, July. 
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S.A.XIFRAG ACE ..IE. 

Saxifraga oppositifolicL, L.-Teton l\Iouutains, elevation 12,000 feet, 
Julv. 

Saxifra.ga bronchialis, L.-~fountaius near Henry's Lake, Idaho, Au
gust. 

Sax~fraga,) puncta.ta, L.-Yellowstone River, Jul;y; Upper 'retou Canon. 
Saxifrctga nivalis, L.-Mountains near Heury's Lake, l<lalw, August; 

Upper Tetbu Canon, July; Cla•rk's Fork, \Vyomiug. 
Saxifraga hier·acifolia, Waldst. and Kit.-Teton Basiu, July. 
Saxifraga Jamesii, Dougl.-Teton :Mountains, elevatiou 11,000 feet, 

July. 
Tellima pctrvijlorn, Hook.-Teton C< iion, July. 
Tellima tenella, Benth. and Hook.-Near Ogden, Utah, June; Teton 

Mouutains, elevation 10,000 feet, July. 
JJiitella pentandra, IIook.-Upper Teton Canon, July. 
JJlitella tTijida, Grallam.-Upper Teton Canon, July. 
Heuchera r'ltbesc(;ns, Torr.-Near Ogden, Utah, June. 
Heuchera cylindrica, Dougl.-Hot springs along the Yellowstcme, ele

vation G,200 feet, September; Grand Caiion of tl.Ie Yellowstone, August; 
Lower Fire-Hole Basin. 

Heu,chera, pruvifolia, Nntt.-Ogden Canon, Utah, June; divide be
tween Marsh an<l Malade Valleys; Teton Basin, July. A very dwarf 
form was found at Fort Ellis, Montana. 

Parna:ssia pctrvijlorct, D. C.-Lower Fire-Hole Basin, August. 
Parnassia firnbriata, Banks.-Teton Caiiou, July; spray tlower of the 

Great FaJls of the Yellowstone, August; headwaters of Snake River, 
September. 

Ribes lacustre, Poir.-Upper Teton Canon, July. 
R·ibes lacustre, Poir., var., an Alpine form, (Watson, in Clarence 

King's Rep., vol. v, p. 99.) (R. setosum, Dougl.) Teton l\1ountains, ele
vation 11,500 feet, July. 

Ribes viscosissimwn, Pursh.-Upper Teton Canon, July; mountains 
near Henry's Lake, Idaho, August. 

Ribes bracteosu,m, Dougl.-Teton Canon, August. 

CRASSULACE1E. 

Sedum Rhodiola, D.·C.-Mountains near Henry's Lake, Idaho, August; 
Teton :Mountains, elevation 12,000 feet, July. 

SrJdum rhodanthum., Gray.-Tower Falls, August; Upper Falls of the 
Yellowstone. 

Sedum stenopetalum, Pursh.-Mountains near Ogden, Utah, June ; 
Fire-Hole River, August. 

Sedum debile, S. Watson.-Mountains uear Ogden, Utah, June. 

HALORAGE1E. 

:Myriophyllum verticilla.twn, L.-Henr.v's Fork of Snake River, August. 
Hippuris vnlgaris, L.-Near Ogden, Utah, June; common on Henry's 

Fork of Snake River, July. 

ONAGRACE1E. 

Epilobium ctugustijolium, L.-Divide between Marsh and Malade Val
leys, June. 
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EpilobiUtn su._ffruti~osum, Nutt.-Mountains near Ogden, Utah, June. 
Epilobium tetragonum, L.-Near Brigham City, Utah, June; Teton 

Canon, July; Snake River Valley, August. 
Epilobium pcmiculat'ltm, Nutt.-Plains near Ogden, Utah, June; Teton 

foot-hills, August; Snake River Valley, July; mountains near Henry's 
Lake, Idaho. 

Zauschneria Cal·~fornica, Presl.-1\!Iountains near Ogden, Utah, JunQ. 
Clarkia rhomboidea, Dougl.-Mountains near Ogden, Utah, June. 
Gayophytum rarnosissimum, T. and G.-Near Ogden, Utah, June. 
Gayophytwm racemoswm, T. and G.-Teton foot-hills, August. 
Gayophytmn d(ffus·um, T. and G.-Teton foot-hills, August. 
(Enothera bienn·is, L.-Snake H.iver Valley, July. 
(JJ]notherc(; albicaulis, Nutt.-Near Ogden, Utah, June. 
(JJ]nothera albicaulis, Nutt., var. Nuttallii, Engelm.-Divide between 

Marsh and Mal:::a;de Valleys, June 29; Yellowstone H.iver, August. 
(JJ]nothera triloba, Nutt.-Ogdcn Canon, Utah, June 15; Port Neuf 

Canon, Idaho, July 2; Henry's Fork of Snake River, July 18; Yellow
stone Lake, August 23. 

(JJ]nothera marginata, N ntt.-Port N euf Valley, Idaho, July 1. 
(JJ]nothera rnarginata, Nutt., var. p1trputtea, S. Watson.-llot springs 

along the Yellowstone, elevation 6, 700 feet, September 29. 
(JJ]nothera scapoidea, Nutt.-Snake River Valley, July 16. 
(Enothera hete1·antha, Nutt.-Teton Basin, July 11. 
(JJ]nothe1·a Andina, Nutt.-Twin Buttes on Henry's Fork of Snake 

River, Idaho, July 16. 
Gaur a biennis, L.-Port N euf Canon, Idaho, July 1. 
Gaura parvijlora, Dougl.-Port N euf Canon, Id tho, July 2; Snake 

River Valley, July 19. 
Gaura coccinea, N utt.-Between Boteler's Ranch and Fort Ellis, ·Mon

tana, July 21. 

L YTHRACEJE. 

Lythrum alatum, Pursh.-Mountains near Henry's Lake, Idaho, Au
gust 9. 

LOASACE1E. 

Mentzelia cilbicaulis, Dougl., var. integrifolia, S. Watson.-Port Neuf 
Canon, Idaho, July 2. 
· Mentzelia lcevicaulis, T. and G.-Mountains along the Yellowstone; 
Twin Buttes on Henry's Fork of Sn-ake River, July 25. 

UMBELLIFER1E. 

B11,pleurum ttanunculoides, L.-Henry's Lake, Idnho, August 9; a 
taller form from Union Pass, Gallatin River, Septemher 12. (See cata
logue in Hayden's Rep. for 1871.) 

Cicuta maculata, L.-Port Neuf Ca.non, Idaho, July 2; Snake River 
Valley. 

Carum Gairdneri, Benth. and Hook.-'reton River, July; Snake River 
Plains, .Augnst; Fall Rivel', Idaho, ,July 19. A common article of food 
among the Indians of Idaho and Wyoming, who call it "ya.mp/' It is 
very palatable and nutritious, having somewhat the flavor of carrot. 

Sium augustifolium, L.-1\falade Valley, Utah, June. 
Sium lineare, Michx.-Port Neu.f Canon, Idaho, July. 
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Osmm·rhiza nuda, Torr.-Near Ogden, Utah, Jrme; Upper Teton 
Canon, July. . 

M.vrrhis occidentalis, Eenth. and Hook.-Snake River Valley, July. 
Oymopterus fceniculaceus, Nutt.-Mountains near Ogden, Utah.., eleva

tion 10,000 feet, June. 
Oym .. opterus longipes, S. Watson.-Near Ogden, Utah, May to June, 

1871. 
Thaspium trifoliatttm, Gray.-Union Pass, Gallatin River, September. 
Angelica Breweri, Gray.-Swamps in Snake Ri\~er Valley, July. 
Oonioselinum Oanadense, T. and G.-Upper Teton Canon, Jul,y. 
Peucedanum simplex, N utt.-Mountains near Ogden, Utah, elevation 

9,000 feet, June. 
Feru.lctJ multi.fida, Gray, (LB]_itotcenia, Nutt.)-Ogden Canon, Utah, June. 
Heracle'ltm lanatmn, Michx.-Upper Teton Canon, July. 

CORNAGE.lE. 

Gornus Canadensis, L.-Madison River Canon, August. 
Gornus pubescens, Nutt.-Swamps on Teton River, July. 

CAPRIFOLI..A.CE.lE. 

Linncea borealis, Gronov.-Lower Fire-Hole Basin, August; Yellow
stone River; Gibbon's Fork of Madison River. 

Symphm·icarpus montanus, H. B. K.-Ogden Canon, Utah, June; Yel
lowstone River, August; Snake River Valley, July; Teton Canon. 

Symphoricarpus occidentalis, R. Br.-Snake River Valley, July. 
Lonicera involucrata, Banks.-Ogden Canon, Utah, June; Tower 

Falls; Teton Mountains, elevation 10,000 feet, July. 
Lonice'ra Utahensis, S. Watson.-Upper Teton Calion, July. 
Sambucus racemosa, L., var. puhens, S. Watson, (S. pubens, Michx.)

Little Cottonwoofl Canon, Utah, June; Upper Teton Canon, July. 
Sambucus glauca, Nutt.-Near Ogden, Utah, June. 

RUBI..A.CE.lE. 

Galium Aparine, L.-Ogden Canon, Utah Territory, June; along the 
Yellowstone, elevation 6,400 feet. 

Galium multiflorum, Kellogg, (G. hypotrichium, Gray.)-Near Ogden, 
Utah, J nne. 

Galium tri.fidum, L.-Henry's Fork of Snake River, Apgust. 
Galium boreale, L.-Divide between Marsh and J\Ialade Valleys, June; 

Henry's Fork of Snake .River, July. 

V ALERI..A.N..A.CEJE • 

. Valet·iana dioica, L., var. sylvatica, S. Watson.-Near Ogden, Utah, 
June; Red Mountain, elevation 9,000 feet, September. 

Valeriana edulis, Nutt.-Teton Mountains, elevation, 11,500 feet; 
July ; near Henrs's Lake, Idaho, August. 

Plectritis congesta, D. C.-Plains near Ogden, Utah Territory, 'June. 

COMPOSIT1E. 

Ettpatorium purpurettrn, ·L.-Snake River Valley, July. 
Aster integrifolius, N utt.-Teton Basin, August;- Henry's Fork of 

Snake River; Upper Canon of the Madison. 
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Aster adscendens, Lindl.-Upper Geyser Basin, August. 
Aster adscendens, Lindl., var. Pa~·ryi, S. W atson.-Teton Basin, July; 

Trail Creek Mountains, September. 
Aster mu,ltijlm-·us, Ait.-Shoshone Lake, Septern ber. 
Aster glacialis, Nutt.-Trail Creek Mountains, September; Teton 

}\fountains, elevation 11,000 feet, July~ 
Aster pulchellus, D. 0. Eaton.-Teton Mountains, elevation 12,000 

feet, July. 
Astm· saJsuginosus, Rich.-Teton 1\fountains, elevation 12,000 feet, 

Jul,y. 
Aster salsuginosus, Rich., var. B., T. and G.-Upper Teton Canon, 

July. 
Aste'r Haydeni, Porter, (Hayden's Report for 1871.)-Shoshone Lake, 

September. 
Aster Sayi, N utt, (Gray in Proc. Am. A cad., May, 1872, p. 389; Hall's 

Oregon Ooll., 246.)-Teton Range, elevation 10,000 feet, July. 
Aster elegans, T. and G.-Fall River, Idaho, July; Teton Mountains, 

elevation 10,000 feet. 
Aster Engelrnan~, Gray, (A. elegans, var. Engelmanni, D. C. Eaton.)

Madison River Calion, August; .Teton Range, elevation 10,000 feet, 
July. 

Townsendia scapigera, D. C. Eaton.-Union Pass, Gallatin River, 
July; Teton Mountains, elevation 10,000 feet. 

Townsendia strigosa, Nutt.-Snake R1ver Valley, Idaho, July. 
Townsendia granclijtora, Nutt.-Frorn Boteler's Ranch to the Yellow

stone, July. 
MaoluerantherctJ canesoens, Nutt.-Madison Ca:ilon, August; Teton 

Basin, July. Several forms were found. 
Erigeron granaijlorum, Hook.-Teton Mountains, elevation 10,000 feet, 

July. A very dwarf form was found at Shoshone Lake, September. 
Erigeron acre, L.-Mountains along Clark's Fork, Wyoming, elevation 

9~000 feet, August. 
Erigeron Bellidiastrwn, Nutt.-Near Ogden, Utah, June; Ross Fork 

to Fort Hall, Idaho, July; Snake River Valley. 
Erigeron macranthum, Nutt.-Wooded Canon of Teton River, July. 

Very variable in size. 
Erigeron glabellum, Nutt.-Near Ogden, Utah, June; Teton Basin, 

July ; Upper Teton. Canon. 
Erigeron corymbosmn, Nutt.-Divide between Marsh and Malade Val

leys, June; Lower Fire-Hole Basin, August. 
Erige~·on .filffoli'ltrn, N utt.-Henry's Lake, Idalw, August ; from Ross 

Fork to Fort Hall, Idaho, July. 
Solidago Virga-aurea,. L.-Teton foot-hills, August. 
Solidago Virga-aurea, L., var. rnultiradiata,, ;r. and G.-Mountains near 

Henry's Lake, Idaho, August; Yellowstone Lake. 
Solidago Virga-aw·ea, L., var. Alpine form, 554 of Watson's collection. 

(Clarence King's Rep., vol. v, p. 154.)-Red Mountain, elevation 10,000 
feet, September. 

Solidago Guiradonis, Gray, var. speotabilis, S. Watspn. (Clarence 
King's Hep., vol. v, p. 154.)-Teton Basin, August. 

Solic1ago nemoralis, T. and G.-Headwaters of Madison River, Sep
tember. 

Solidago elongata, Nutt.-Teton foot-hills, August. 
Solidago gigantect~ .c\it.-Teton foot-hills, August; Yellowstone Lake; 

Henry's Fork of Snake River. 
49 G S 



77@ GEOLOGICAL SURVEY OF THE TERRITORIES 

Solidago gigantea, A it.-A form, 562 of Watson's collection. (Clarence 
King's Rep., vol. v, p. 156.)-Port Neuf Canon, Idaho, July. 

L_inosyris graveolens, T. and G.-Lower Fire-Hole Basin, August. 
Linosyris visaidijlora, T. and G.-Near Brigham City, Utah, June. 
Linosyris viscidiflora, T. and G., var. serrulata, Torr. (Stansb. Rep., 

Ed. 2, p. 389.)-Near Bringham City, Utah, June. 
Linosyris viscidiflora, T. and G., var. lat~folia, D. C. Eaton_-Leaves 

from 2-3' long. Mountains along Mala.de Valley, Idaho. 
Linosyris viscid·ijlora, T. and G., var. puberula, D. C. Eaton.-Fal~ 

River. Idaho, July. 
Linosyris viscidiflora, T. and G. " A form 8 flowered," Professor Por

ter.-Twin Buttes on Henry's Fork of Snake River, July. 
Aplopappus suffruticosus, ·Gray. (Macronema suffruticosa, Nutt.) 

(Proc. Am. Acad., 6, 54.3.)-Snake River Valley, July. 
Aplopappus larweolatus, T. and G.-Around the hot springs in both 

geyser basins, August. · 
Aplopappus acaulis, Gray.-Mountains near Henry's Lake, Idaho Ter

ritory, August. 
Aplopappus Nuttallii, T. and G.-Near Fort Bridger, Wyoming, August, 

Dr. Joseph Leidy. 
Aplopappus unijioru.s, T: and G. A form with the radical leaves en

tire or nearly so. Henr.v's Lake, Idaho, August 8. 
Grindelia squarrosa, Don.-Port Neuf Valley, Idaho, Ju1y 1. 
Ohrysopsis ·villosa, Nutt.-Henry's Fork of Snake River, July 18; 

around the hot springs of Lower Fire-Hole Basin, August 13. Very 
variable. 

Ohrysopsis villosa, Nutt., var. hispida, Gray.-1\Iadison Lake, Septem
ber 4. 

Iva axillaris, Pursh.-Malade Valley, June; abundant in Snake River 
Valley, July 26; near hot springs along the Yellowstone, August. 

Wyethia amplexicaulis, Nutt.-l\Ialade Valley, Utah, June 27. 
Bctlsamwrrhiza sagittata, N utt.-:E'rom Ross Fork to Fort Hall, Idaho, 

July 3. 
Rudbealcia occidentalis, Nutt.-Ogden Canon, Utah, June 15; Teton 

:Mountains, elevation 10,000 feet, July 24; Snake River Plains, Au.gm;t. 
Helia.nthus lenticula1·is, Dougl.-1\Ialade Valley, Utah, June27; Snake 

River Valley, July. 
Helianthus N~ttta.ZZi-i, T. and G.-Lower Fire-Hole Basin, August 29. 
Hel·ianthus petiolaris1 Nutt.-Weber River~ Utah, June 19. 
Helianthella multicaulis, D. C. Eaton.-Fall River, Idaho, J nly 19. 
Helianthella uniflora, T. and G.-Upper Teton Canon, rJuly 26. 
Heliomeris rnultijiora, Nutt.-Teton River, Idaho, July 23. 
Ohrenactis Douglasii, Hook. and Arn.-Og<leu Canon, Utah, June 15; 

Fire-Hole River, August; G-ardiner's River, Montana; Snake RiYer, 
M~~ , 

Ohrenactis Dmtglasii, Hook. and _._<\rn.-Alpine form, mountains near 
Henry's Lake, Idaho, August 9; Lower Fire-Hole Basin. 

Bahia leucophylla, D. C.-Henry's Fork of Snake River, July 18; 
Teton Basin, July 21. 

Actinella grandijlora, T. and G.-Teton Mountains, elevation 12,000 
feet, July 30. 

Layia glctndulosa, Hook. and Arn.-Twin Buttes on Henry's Fork of 
Snake River, July 16. 

Layia hete·rotricha, Hook. and Arn.-Near Ogden, Utah, June 5. 
Jladia -racenwsa, T. and G.-Ogden Canon, Utah, June 15 . 
.Arn.ida hirs·uta, Nutt.-Teton Mountains, elevation 10,000 feet, July 24. 
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Achillea Millefolium, L.-Near Ogden, Utah, May 30; very abundant 
everywhere on the route. 

Matricaria discoidea, D. C.-Great Salt Lake, June 17. 
Artemisia dracunculoi(Zes, Pursh.-Snake River Valley, October; Yel-

lowstone Jliver, August 23. -
Artemisia tridentctta., Nutt.-Yellowstone Lake, August 23; Snake 

River Valley, July. The common form all over the West. 
Artem·isia discolor, Dougl.-Snake River Valley, October; Lower 

Fire-Hole Basin, August. 
Artemisia Lttdoviciana, Nntt.-Weber River, Utah, June. 
Artemisia, Ludoviciana, Nutt., var. Douglasiana, D. C. Eaton. (A. 

Douglasiana, T. and G.)-Yellowstone Lake, August; Market Lake, 
Idaho, July. 

Artemisia Ludoviciana, Nutt., var. latifoUa~ T. and G.-Yellowstone 
Lake, August 5 ; Port N euf Canon, Idalw, .T uly. 

Artemisia cana, Pursh.-Yellowstone Lake, August. , 
Arternisiafrigida, Nutt.-Near Fort Bridger, Wyoming, August, Dr. 

Joseph Leidy. 
Gnaphalium luteo-album, L., var. Sprengelii, D. C. Eaton.-White 

Mountain Hot Springs, Montana, elevation 6,400 feet, July; Geyser· 
Basin on Shoshone Lake, September. 

Gnaphalium palustre, Nutt.-Great Salt J..~ake, June. 
Gnaphalium microcephalum, N utt.-Shoshone Lake, September. 
Antennaria marrgaritacea, R. Br.-Henry's Lake, Idaho, August 8. 
Antennaria Carpathica, R. Br.-Shoshone Lake, September 6. 
Antennaria Carpathica, R. Br., var. pulclierrima, Hook.-Henry's Lake, 

Idaho, August 8; Lower .Fire-Hole Basin, September; Teton Basin, 
July 21. 

Antennaria alpina, Grertn.-Ogden Uaiion, Utah, June 15; Fort Hall, 
Idaho, July; Upper Geyser Basin, August. 

Antennaria dioica, Grertn.-Yellowstone River, August 22; Snake 
River Valley, July 30. 

Antennaria dioica, Grertn., var. rosea, D. C. Eaton.-Teton Basin, July 
21. . 

Antennaria racemosa, Hook.-:Mountains near Henry's Lake, Idaho, 
August 9. 

Arnica long'ifolia, D. C. Eaton.-Grand Canon of the Yellowstone, 
August 22. 

Arnica ctttgustifolia, Vahl.-Divide between Marsh and Mala<le Valleys, 
.June 29. 

Arnica Uhamissonis, Less.-Divide bet.ween Marsh and Malade Val
leys, June 29; swamps along Henry's Fo.rk of Snake River, August. 

Arnica latifolia, Bongard.-Teton Mountains, elevation 10,000 feet, 
.July. 

Arnica cordifolia, Hook.-Ogden Canon, Utah, June; Teton Basin, 
July; Trail River Mountains, September. 

Senecio lugens, Richards.-Teton Mountains, elevation 10,000 feet, 
July; Yellowstone Lake, August. 
·. Senecio lugens, Richards, var. Hof!keri, D. 0. Eaton.-Mountains near 
Henry's Lake, Idaho, August. 

Senecio lttgens, Richards, var. exaltatus, D. C. Eaton.-Lower Fire
Hole Basin, August; Mountains near Ogden, Utah, June. 

Senecio hydrophilus, N utt.-Henry's Lake, Idaho, August. 
Senecio triangularis, Hook.-Henry's Fork of Snake river, August; 

. Yellowstone Lake; Red Mountain, elevation 10,000 feet, September; 
Teton River. 
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Senecio Serra, Hook., (Watson, in Clarence King's Rep., vol. v, p.l89, 
under S. Andinus.)-Teton Mountains, elevation 10,000 feet~ July. 

Senecio .Andinu.s, Nutt.-Divide between l\Iarsh and Malade Valleys, 
June; Shoshone Lake, September. 

Senecio attreus, L.-Ogden Calion, Utah, June; Teton Basin, July. 
Senecio aurmts, L., var. obovatus, T. and G.-Divide between Marsh and 

Malade Valleys, June. 
Senecio auretts, L., var. croceus, Gray.-Yellowstone Lake, August. 
Senecio canus, Hook.-Around hot springs in Lower Fire-Hole Basin, 

August. The form with entire leaves. 
Senecio Fendleri, Gray. (Pl. Fendl., p. 108.)-l\falade Valley, Idaho, 

June. With uncommonly long petioles. 
Senecio multilobat~ts, T. and G.-Near Ogden, Utah, June. 
Senecio subnudus, D. C.-Lower Fire-Hole Basin, near hot springs, 

August. 
Tetradymia canescens, D. C.-Snake River Plains, July. 
Several species of Oirs·i~tm were collected, probably 0. foliosum, 0. 

Dntmmondii, and some others, but the material was too meager for a 
satisfactory determination of these mixed species. 

Stephanomeria minor, Nutt.,(including S.runcinata, Nutt.)-NearBrig
ham City, Utah, June; Fort Hall, Idaho, July; a slender, unbranched 
form. 

Stephanomeria exigua, Nutt.-Snake River Valley, July. 
1Iie1·acium Scmtleri, Hook.-Snake River Valley, Idaho, July; Malade 

Valley, June. 
Hierac·ium albijlorutn, Hook.-Upper Calion of the :Madison, August. 

A small, single-flowered, alpine form was found on the hills around the 
Upper Geyser Basin. 

Lygodesmia juncea, Don., var. dianthopsis, D. C. Eaton. (Clarence 
King's Rep., vol. v, p. 200.)-0gden Calion, Utah, June; near Great Salt 
Lake. 

JJfalacotlzrix sonchoides, T. and G.-Twin Buttes on Henry's l!""~ork of 
. Snake River, July; Port Neuf Canon, Idaho. 

01·epis Andersonii, Gra,y.-Lower Fire-Hole Basin, August. 
Orepis occidentalis, Nutt.-Marsh Valley, June; Fire-Hole River, 

August. 
Crepis occidental is, N utt., var. gracilis, D. C. Eaton.-Mountains near 

Henry's Lake, Idaho, August. 
Orepis acwminata,Nutt.-Plains near Ogden, Utah, June; Teton Basin, 

July; Bear River Valley. 
Orepis nana, Richards. (Fl. N. Am. 2, p. 488.)-Teton Mountains, 

elevation 12,000 feet, July. ·~ .. 
JJ1acroTrhyncus glctucus, D. C. Eaton, var. laciniatus, D. C. Eaton.

Snake River Plains, July. 
Jlacro'rrhyncus troximoides, T. and G.-SwaJ;Up near Ogden, Utah, 

June; Henry's Fork of Snake River, July; Red Mountain, elevation 
10,000 feet, September. 

Taraxacum Dens-leonis, Desf.-Ogden Ualiou, .Utab, June. Collected 
in abundance, but. lost. 

ltf.ulgedium pulchellu'ln, Nutt.-Port Neuf Calion, Idaho, July. 
JJlulgedi'lttn leucoplueum, D. C.-Gallatin Cafiou, September. 
Sonch'lts asper, Vill.-Ogden Canon, Utah, June. Collected with se,v

eral other specimens and lost. 
Gaillat·dia aristata, Pursh.-Union Pass, Gatlatin River, Montana, 

September. 
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LOBELIACE.lE. 

Porterella carnulosa, Torr. (See Oat. · Hayde·n's Rep. for 1871.)
Swamp 011 Henry's Fork of Snake River, Augnst. 

CAMP ANUL.A.CE.lE. 

Oampanula rotundifolia, L.-Elevated plateau, 1\fontana; Snake River 
Valley, July. 

Oampan~tla rotundifolia, L. var. linifolia, Gray.-Mountains along the 
Yellowstone, elevation G,OOO feet; Teton Basin, ~Tu1y. 

Specularia perfoliata, A. D. C.-Hot springs ten miles from Ogden, 
Utah, June. 

ERICACE.lE. 

Vaccinium ~tliginosum, L.-Henry's Fork of Snake River, August; 
Shoshone Lake, September. 

Vaccinium myrtilloides, Hook.-Henry's Lake, Idaho, August. 
Vaccinium myrtilloides, Hook., var .. macrophyllum, Gray.-Upper Teton 

Canon, July. 
Vcwcinium Myrtillus, L.-Yellowstone Lake, August. 
Vaccinium oval~folium, Smith.-Upper Teton Canon, July. 
Arctostaphylos Uva- [~rsi, Spreng.-Yellowstone River, August; Lower 

Fire-Hole Basin, July. The" Kinnikinnick" of the Indians. 
Kctlmict gla,uca, Ait.-Shosho11e Lake, September, growing on gey-

serite. · 
Kalmia glauca, Ait., var. microphylla, Hook.-Mountains along Clark's 

Fork, Wyoming; elevation 9,000 feet; August. A small alpine form 
was found upon the Rocky Mountain divide, near Shoshone Lake, Sep
tember. 

Bryanthus empetriforrnis, Gray. (Proc. Am. Acad., vol. vii, p. 367.)
Teton Mountains; elevation 12,000 feet, July; Rocky Mountain divide, 
near Shoshone Lake, September. 

Ledum glandu,lo.sum, Nutt.-Tower Falls, August; Shoshone Lake, 
September. 

Pyrola rotu,ndifolia, L., var. incarnata, Gray.-Teton Canon, July. 
Pyrola chlorantha, Swartz.-Upper Teton Canon, July; Pall River, 

Idaho, August. 
Pyrola secunda, L.-Fire-Hole River, August; Upper Teton Canon, 

July. 
Pyrola aphyllct, Smith. (Pacific Railroad Rep., vol. vi, p. 80 of the 

Bot. )-Henry's Lake, Idaho, August. 
Pyrola picta,, Hook.-Fall River, Idaho, August. 
JJ,foneses unijlora, Gray.-Upper Teton Canon, July. 
Chim,aphila mnbellata, Nutt.-Eastern canons of the Teton Range, 

September. 
Monotropa HYl?Opitys, L.-Red Mountain ; elevation 10,000 feet, Sep

tember; Lower Fire-Hole Basin, August. 
Pterospora Andromedea,, Nutt.-Jackson's Lake, September. Speci

mens were found at lhis locality four feet high; along the Yellowstone. 

PLANTAGINACE.lE. 

Plantago 'rnajor, L.-Weber River, Utah, June. Doubtless introduced. 
Plantago Patago?tica, Jacq., var. gnaphalioides, Gray.-Near Ogden, 

Utah, June; Snake River Valley, very abundant. 
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Plantago Patagonica, Jacq., var. aristata, Gray.- Henry's Fork of 
Snake River, July. 

PRIMULACEJE. 

Androsace septerntrionalis, L. Alpine form, 753 of Watson.-Trail 
River Mountains, September; Teton J\1ountains; elevation 10,000 feet, 
July. 

Dodecatheon Meadia, L.-Ogden Canon, Utah, Juue. 
Dodecatheon Meadia, L. Alpine form of S. Watson, 756, 2-8' high.

Upper Teton Oanon; elevation 10,000 feet, July; mountains along 
Clark's Fork, Wyoming; elevation 9,000 feet. 

Lysimachia ciliata, L.-Swamp near Ogden, Utah, June; Twin Buttes, 
on Henry's Fork of Snake River, July. 

Glaux maritima, L.-Malade Valley, Utah, J nne. 

LENTIBULACE.fE. 

Utricttlaria vulgaris, L., var. Americana, Gray.-Henry's Fork of Snake 
River, August 5. 

OROBANCHACE£. 

Phelipwa erianthm·a, Engelm. ( Orobanche ?nultijlora, Nutt.)-Snake 
River Valley, Idaho, July; "The 'Too-whoo' of the Pah-Utes, by whom 
it is eaten."-V\1 atson. 

Aphyllon uniflorum, T. and G.-Mountains near Ogden, Utah, June 
13; Teton Canon, July 16. 

Aphyllon fasciculatum, T. and G.-Snake River Valley, Idaho, July 
17; from Boteler's Ranch to the Yellowstone, July 23. 

SCROPHULARIACEJE. 

Scrophularia nodosa, L.-Near Ogden, Utah, June5. Abundant.every
where near settlements. 

Collinsia parvijlora, Dougl.-Plains near Ogden, Utah, June 5 ; Teton 
Canon, July 24; Yellowstone Lake, August 23. 

Pentsternon Menziesii, Hook., var. Dou.glasii, Gray. (P. Douglasi'i, 
Hook.)-Trail Creek Mountains, September; Clark's Fork, Wyomiwg. 

Pentstemon JJ[enziesii, Hook., var. Letoisii, Gr.-Henry's Lake, Idaho, 
and Teton )fountains. 

Pentstemon glaber, Pursh.-Near Ogden, Utah, June~ Fall River, 
Idaho, July. 

Pentstemon C'lJananthtts, Hook.-Mountains near Ogden, Utah, elevation 
9,000 feet, J nne. 

Pentstemon acuminatus, Dougl.-From Ross Fork to Fort Hall, Idaho, 
July. 

Pentstmnon cristatus, Nutt.-Mystic Lake, near Fort Ellis, Montana, 
July. 

Pentstemon h'ltmilis, N utt.-1\tlountains near Ogden, Utah, J nne. 
Pentstenwn gla,ucus, Grah.-Upper Teton Oanon, July. 
Pentstemon glaueus, Grab., var. stenosepalus, Gray.-Along the Yellow

stone, elevation 6,700 feet, July. 
Pentstertnon confertus, Dougl.-Teton Basin, July. 
Pentstemon confertus, Dougl., var. crerttleo-purpurens, Gray.-Mountains 

along the Yellowstone, elevation 7,000 feet, September; Yellowstone 
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Lake; Snake River Valley, July; Fall River, Idaho. .A very dwarf 
form was found on the mountains near Ogden, Utall. 

Pentstemon deustus, Dougl.-Heury's Fork of Snake River, July. 
Pentstenwn hetero]Jhyllus, Lindl., var. latijolius, 8. Watson. (Clarence 

King's Rep., vol. v, p. 222.)-Near Ogden, Utah, June. 
JJ1imttlus Lewisii, Pursh.-Near Ogden, Utah, June; Upper Teton 

Canon, July; Yellowstone Lake, .August; Trail Creek :!\fountains, Sep
tember. 

J!imulus luteus, L.-Near Ogden, Utah, June. This species is found 
everywhere in the \Vest in the greatest abundance and variety of form 
and size. 

1Jl.imul1.ts luteus, L. Depauperate form, 7g0 of vVatson.-Near Salt 
Lake City, Utah, June. 

j}fimulus fior·ibundus, Dougl.-Foot-hills of tlle Teton Range, .August. 
JJiimulus moschcttus, Dougl.-Henry's Fork of Snake River, .August; 

Teton foot-hills, July. 
JJlimulus rubellus, Gray, (Mex. Bound. Rep., p. 116.) (Watson, in 

Clarence Kin~'s Rep., vol. v, p. 225.)-Neal' Ogden, Utah, June. 
Eunanus lhemontii, D. 0.-0rater Hills, VVyoming, Augnst; Twin 

Buttes on Henry's Fork of Snake River, Idaho, July. 
S.!Jnthyris ctlpina, Gray.-Teton Mountains, elevation 10,000 feet, July. 
Veron·ica, Anagallis, L.-Near Ogden, Utah, June; Heart Lake, Sep-

tember; Teton Hiver, July. 
Veronica Americana, Schwein.-Near Brigham City, Utah, June. 
Veronica ctlpina, L.-Trail Creek Mountains, 8eptember. 
Veronica serpyllifolia, L.-Teton River, July. 
Veronicct peregrina, L.-Teton River, JulJT. 
Castilleia linaricefolia, Benth.-Divide between Marsll and Malade 

Valle,Ys, June. 
CastUleia aj.finis, Hook. and Arn.-Malade Valley, Idaho, June. 
Castilleia ajjinis, Hook. and Arn., var. minor, Gray.-Mountains along 

the Yellowstone, elevation 6,400 feet, July. 
Castilleia pttrviflora, Bong.-Divide between March and Malade Val

leys, J nne. 
()ast~llei pallida, Kunth.-Ogden Canon, Utah, June; Teton Moun

tains, elevation 10,000 feet, July. The red variety was also found. 
Castilleia jlava, S. vVatson.-Ross Fork to Fort Hall, Idaho, July; 

Teton Basin. 
Orthocarp'lts Tolrniei, Hook. and Arn.-Snake River Valley, July; near 

Fort Bridger, Wyoming, August. Dr. Joseph Leidy. 
Orthocarpus luteus, Nutt.-Twin Buttes, on Henry's Fork of Snake 

River, July. 
Cordylantkus ramosus, Nutt.-Teton foot-hills, August; Sna!r-e River 

Valley, July. 
Pedicular is Grmnlandica, Retz.-Henry's Fork of Snake River, .August, 

in flower; Shoshone Lake, September. 
Pedicular is bTacteosa,, Benth.-Lower Falls of tlle Yellowstone, August; 

Trail River Mountains, September; Teton Mountftins, elevation 10,000 
feet, Jul.r. 

Pedicular is racernosct, Doug I.-Yellowstone Lake, A\lgust; Teton Moun
tains, elevation 10,000 feet, July; Shoshone Lake, September. 

Pedicularis Sudetica, Willd.(1)-Teton Mountains, elevation 10,000 feet, 
July. , 

Pedicula~·is Parryi, Gra.y.-Uintah J\'lountains, Wyoming, August. Dr. 
Joseph Leidy. 
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VERBENACEJE. 

Verbena hastata, L.-Near Brigham City, Utah, June. 
Verbena bracteosa, Michx.-Near Brigham City, Utah, June; Blackfoot 

River, Idaho, July. 

LABIATJE. 

Mentha Canadensis, L.-From · Ross Fork to Fort Hall, Idaho, July; 
Henry's Fork of Snake River; Yellowstone Lake, August. 

Jl1entha Canadensis, L., var. glabrata, Benth.-Henry's Fork of Snake 
River, August. 

Lycopus Virginicus, L., var.-Lower Fire-Hole Basin, August. 
Lophanthus urticmfolius, Benth.-Near Ogden, Utah, June. 
Dracocephalum parvijlorum, D. C.-Weber River, Utah, June; Snake 

River Valley, July. 
Physostegia par·vijlora, Nutt. (Gray, in Proc. Am. Acad., 1\fay, 1872, 

p. 371.) (Dracocephalum var·iegaturn, Ventenat.)-Snake River Valley, 
Idal!o, July. 

Brunella vulgaris, L.-Swamp near Ogden, Utah, June; Henry's Fork 
of Snake River, August; Teton Basin, July. 

Scutellaria resinosa, Torr.-Near Ogden, Utah, June. 
Scutellaria galericulata, L.-Renry's Fork of Snake River, August. 
]}farrubium vulgare, L.-Near Ogden, Utah, June 18. 
Stachys palustris, L.-Near Brigham City, Utah, June 25; Snake 

River Valley, July; Fort Ellis, l\Iontana, . August. 
Stachys palustris, L., var. aspera, Gray.-Weber River, Utah, J nne 19. 
jlf.ona·rda jistulosa, L.-From Fort Ellis to Boteler's Ranch, l\Iontana, 

July. 

BORRAGINACEJE. 

Litlwspermum longijlorum, Spreng.-Omaha, Nebraska, May 18; foot
hills near Ogden, Utah, June. 

Lithospermum pilosum, Nutt., (L. ruderale, Dougl.)-Port Neuf Canon, 
Idaho, July 2. 

1llertensia Sibirica, Don.-Red Mountain, elevation 10,000 feet, Sep
tember 11; Teton range, elevation 10,000 feet, July 24. 

Jlfertensia paniculata, Don.-Near Ugden, Utah, June. 
Mertensia brevistyla, S. Watson. (Clarence King'£ Rep., vol. v, p. 

239.)-Mountains near Henry's Lake, Idaho, August; Trail Creek 
Mountains, September. 

Piptocalyx ci'rcumscissus, Torr.-Market Lake, Idaho, July. 
Eritt·ichium villosum, D. C., var. aretioides, Hook.-Teton Mountains, 

elevation 12,000 feet, July. 
Eritrichi·wm augustijoliu,m, Torr.-Near Ogden, Utah, May; Snake 

River Valley, July. 
Eritrichium Californicum, D. C.-Near Ogden, Utah, May; Snake 

River Valley, July. 
Eritrichium glmne-r·atum, D. ().-Mystic Lake, near Fort Ellis, :1\Ion

tana, July. 
E·ritrichi~tm leiocarpum,, S. Watson. (Clarence King'.s Rep., vol. v, p. 

244.) (Kryn'itzlcia, leiocarpwn, Fisch. and .Meyer.)-Siia.ke River Valley, 
July. A form was found at Ogden, Utah, that auswers to E. mur,icul(£
tum, Torr., referred by Watson to E. leiocarpwn. The nutlets are 
plainly granulated. 
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Eritrichi'tun crassisepalurn, T. and G.-Mystic Lake, near Fort Ellis, 
:\fontana, July. 

Eehinospermurn Redowskii, Lel1m., var. occidentale, S. Watson. (E. 
Rerlowskii, Gray. )-Great Salt Lake, June 15. 
Echinospennun~ dejlexum, Lehm., var. jloribundum, S. Watson. (E. 

fiorib.undwn, Lehm.)-Little Cottonwood Canon, Utah, June 21; Teton 
.Mouiltains, elevation 10,000 feet, July 24. 

Coldenia N uttallii, Hook. ( Tiqy,ilia brevijolia, N u tt. Bot. l\iex. 
Bound., 136.)-Marke't Lake, Idaho, July 15. On volcanic sand. 

JJiyosotis sylvatica, Ro:ffm., var. alpestris, Koch.-Along the Yellow
stone, July. 

HYDROPHYLLACEJE. 

Hyd1·ophyllum capita.turn, Dougl., var. alpinum, ~- Watson.-Teton 
:Mountains, elevation 10,000 feet, July 24. 

Nemophila parvijlora, Dougl.-Along the Yellowstone, July. 
Phacelia· circinata, Jacq.-Ogden Calion, Utah, .Tune 6; Divide be

tween .l\farsh and Malade Valleys, June 29; along the Yellowstone, ele
vation 6,400 feet, July; Trail Creek Mountains, vVyomiug, September 14. 

Phacelia llfenziesii, Torr.-Near Ogden, Utah, May 28; 1\'lystic Lake, 
near Fort Ellis, Montana, July. 

Phacelia sericect, Gray.-Upper Teton Oafi.on, July 28; Red Moun
tain, elevation 9,600 feet, September 11. 

Phacelia sericea, Gray.-A dwarf alpine form was found on the 
mountains around Henry's Lake, Idaho, August 9. 

Pha.celia lvesiana,, Torr. (Ives's Col. Exped., Bot. Rep., 21.)-Twin 
Buttes on Henry's Fork of Snake River, July 16 ; 1\-Iarket Lake, Idaho, 
oa 'Tolcanic sand. 

POLEMONI.ACEJE. 

Phlox canescens, T. and G.-Teton l\Iountains, elevation 12,000 feet, 
July. 

Phlox cmspitosa, Nutt., var. rigic1a, Gray. (Near P. Douglasii, Rook.) 
-l\falade Valley, Utah, June; Trail-Creek 1\-Iountains, Wyoming, Sep-
tember. • 

Phlox cmspitosa, Nutt., var. condensata, Gray. (Proc. Am. Acad., vol. 
viii, p. 254.)-Trail Creek 1\-fountains, September. 

Phlox longijolia, Nutt.-Yellowstone River, July; Fall l{iver, Idaho; 
l\larket Lake; Fort Hall; several forms were found. Fort Ellis, Mon
tana. 

Phlox longifolia, Nutt., var. brevifolia, Gray.-Trail River Mountains, 
September. 

Oollomia grandijlora, Dougl.-Near Ogden, Utab, June. 
Collomia linearis, Nutt.-Near Ogden, Utah, June; foot-hills of the 

Teton Range, July. 
Oollomia linearis, Nutt., var. subulata, Gray.-Foot-hills of the Teton 

1\'Iountains, August. 
Oollomia. tenella, Gray.-N ear Ogden, Utah, June. 
Gilia linijiora, Benth., var., pharnaceoides, Gray. (Proc. Am. Acad., 

vol. viii, p. 263.)-Fort Ellis, Montana, July. 
Gilia p~tsilla, Benth.-Fort Ellis, Montana, July. 
Gilia pungens, Benth.-Plains near Ogden, Utah, June. 
Gilia p~mgens, Benth., var. squarrosa, Gray.-Along the Yellowstone, 

elevation 6,200 feet, September; Snake River Valley, July. 
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Gilia intertexta, Stend.-Foot-hill~ of the Teton Mountains, August. 
GiUa jfocco8a, Gray .-Snake River Valley, July; Market Lake, Idaho. 
Gilict congesta, Hook., var. crebrifolia, Gray.-Snake River Valley, 

July; Twin Buttes on Henry's Fotk of Snake River. 
Gilia aggregata, Spreng.-Near Ogden, Utah, May; Bear Ri\'er,June. 

In the Teton. Basin the form with w bite flowers was found. 
Gilia leptomeria, Gray.-Snake River Valley, July. 
Polemoniwm confertttt'ln, Gray.-Teton Mountain~, elevation 12,000 feet, 

July; monntains on Ola1·k's Fork, ;vyoming, elevation 9,000 feet. 
Polemoniwn creruleunl, L.-Benry':s Fork of Snake River, August; 

Luwer Fire-Hole Basin. 
Polemonium cceruletttm, L., var.foliosissimum, Graj'.-Yellowstone Lake, 

August. 

CONVOL VULACE.A3:. 

Octlystegia sepiwn, L.-Malade Valley, Idaho, June. 
Ouscuta --,(~)-Tl1e specimen found was too young to determine 

anything as to its species. It was growing on Oxytropis Lamberti, 
Henry's Fork of Snake Uiver. 

SOLANACE.A3:. 

Solan·um trijlorU?n, Nutt.-Uintah Mountains, Wyoming, August. Dr. 
Joseph Leidy. 

Nicotianct attenuata, Torr.-J\Iarket Lake, Idaho, July. 

GENTIAN ACEJE. 

Gentiana A1rwrella, L.-Henry's Lake, Idaho, Ap.gust; Heart Lake, 
Wyoming, September. 

Gentiana detonsa, Fries.-Henry's Fork of Snake River, August. This 
species occurred in the Fire-Hole Basins in great abundance, but with 
leaves and sterns so black as to be scarcely recognizable. "The pedun
cles are shorter, and the lobes of the corolla more strongly lacerate 
fringed than usual. It approaches G. crinita, with which it is probably 
identical." Professor Porter. 

Gentiana ajjinis, Smith.-Teton Basin, August; along the Yellowstone, 
elevation 6,4UO feet; Henry's Fork of Snake River, August. 

Gentiana simplex, Gray. (Pacif. R,. R. Rep., vol. vi, p. 87, pl. 16.)
'' It accords well with th'3 description and figure, except that tlle leaves 
are shorter and the lobes of the eorolla rounded, very obtuse, and occa
sionally furnished at the base with a few small teeth." Professor Porter. 
Henry's .Fork of Snake River, August. 

Gentiana calycosa, Griesb., (in D. C., Prod. 9, p. 115, and Hooker's Fl. 
Bor. Am. 2, p. 48, t.146.)-Teton Calion, 10,000 feet altitude. ''It varies 
from the typical form in its shorter calyx alld calyx-lobes, and th~ smooth 
edges of its tl1innish leaves." Professor Porter. 

Frasera speciosa, Dougl.-Teton Canon, July; Snake River Valley. 
Swertia perennis, L.-Uintah Mountains, Wyoming, August. Dr. 

Joseph Leidy. 
Hesperochiron pumilus, Porter. ( Villarsia pumiZa, _Griesbach.)-Near 

Ogden, Utah, June. 

APOCYNACE.A3:. 

Apocynum androsmrnifoliwn, L.-N ear Ogden, Utah, .June. 
Apocymtm cannabinum, L.-Divide between Marsh and Malade Valleys, 

June. 
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.A.SCLEPIADACE.JE. 

Asclepias speciosa, Torr.-Port Neuf Canon, Idaho, Jul-y; Snake River 
Valley. 

Acerates decumbens, Decaisne.-Hot springs ten miles from Ogden, 
Utah, June. 

NYCTA.GINA.CEJE. 

Abronia fragrans, Nutt.-Foot-hills near Ogden, Utah, June. Two or 
three species of Abronia were collected but unfortunately lost. 

CHENOPODIA.CEJE. 

Ohenopod·ium album, L.-Port Neuf Canon, Idaho, July; Twin Buttes 
on Henry's :Fork of Snake River. Common eve:rywhere on the route. 

Ohenopodi~tm album, L., var. leptophyllum, Moq.-SnakeRiver Valley, 
July. 

Chenopodium album, L., var. "Near the var. integrifolium, Ledeb." 
Professor P.orter.-Yellowstone Lake, August. 

Ohenopodimn hybridum, L.-Henry's Fork of Snake River, July; Yel
lowstone Lake, .A ugnst. 

Blitum capitatum, L.-Henry's Fork of Snake River, August; Teton 
Basin, July. 

Blit1tm polymorphum, ,C. E. Meyer, var. humile, Moq.----Near Great Salt 
Lake, Utah, Jnne. 

Monolepis chenopodioides, Moq. (Blitum Nuttallianum, R. and S.)-Teton 
Basin, July. 

Obione canescens, Moq.-Great Salt Lake, Utah, June; Blackfoot River, 
Idaho, July; Port Neuf Canon; Marsh Valley. 

Obione confertifolia, Torr.-Great Salt Lake, Utah, June. 
Obione a·rgentea, Moq.-Great Salt Lake, Utah, June; Snake River 

Valley, July. 
Gray·ia polygaloides, Hook. and Arn.-Snake River Plains, July. 
Eurotia lanata, Moq.-Near Great Salt Lake, Utah, June; Snake 

River Plains, July. "Known as 'white sage' and 'winter fat.' Is 
valuable for fattening stock." Watson. 

Kochia prostrata, Shrad.-Near :Fort Bridger, Wyoming, August. JJr. 
Joseph Leidy. 

Salicornia herbacea, L.-Great Salt Lake, Utah, June; Lower Fire-Hole 
Basin, August. 

Halostachys occidentalis, S. Watson, (Clarence King's Rep., vol.. v, p. 
293.)-Near Great Salt Lake, June. 

Sarcobatus vermiculatus, Torr. (Fremontia vermicularis, Torr. Frem. 
Rep.)-Black B.uttes, Utah, June. Known as" grease-wood." 

.A.MA.R.A.NT A.CE.JE. 

Amarantus albus, L.-Snake River Valley, July. '' Remarkably red 
for the species." Professor Porter. 

POLYGONA.CEJE. 

EriogonU'In heracleoides, Nutt.-Near Ogden, Utah, June; along the 
Yellowstone, elevation 6,200 feet, August; Snake River Valley, July. 

Eriogonum ~tmbellatum, Torr.-Near Ogden, Utah, June. 
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Eriogonum (Heterosepala) ovalifolium, Nutt.-NearOgden, Utah, May; 
Lower Pire-Hole Basin, August; Snake River Valley, July. 

Eriogonu1n ovalifoliu,m, Nutt., var. tenuis, Benth.-Near Bozeman, 
Montana, elevation 6,400 feet, July. 

Eriogonum (Oapitata) Kingii, T. and G.-Mountains near Henry's 
Lake, Idaho, August. 

Eriogonurn microthecum, Nutt.-Port Neuf Canon, Idaho, July; Snake 
River Valley. 

Eriogonum brevicaule, Nutt.-Near Fort Bridger, Wyoming, August. 
JJr. Joseph Leidy. 

Eriogonum cernuum, Nutt., var. temte, T. and G.-Snake River Valley, 
July. 

E1·iogonum flavum, Nutt.-Snake River Plains, August; Lower ],ire
Hole Basin. 

Eriogonum salsuginosum, Hook.-Fort Bridger, Wyoming, August, 
Dr. Joseph Leidy. 

Oxytheca dendroidea, Nutt.-Grows in great abundance in Snake River 
Valley, July. · 

Oxyria digyna, Campd.-N ear Henry's Lake, Idaho, August; Teton 
Mountains, elevation 12,000 feet, July; Trail Creek Mountains, Wyo
ming, September; common on all the mountain-tops in the Snake Hiver 
region. 
R~wwx venosus, Pursh.-Snake River Valley, July 14; Black Buttes, 

Utah, June 16. 
Rumex longifolius, D. C.-Near Brigham City, Utah, June 25. 
Rumex salicifolius, Weinm.-Near Ogden, Utah, June 7; Tet,on Basin, 

July 21. 
Rumex rnaritimus, L.-Henry's Lake, Idaho, August 8. 
Rtttmex ( Acetosa) paucifolius~ Nutt.-Snake River Valley, August. 
Polygonum aviculare, L.-Near Ogden, Utah, ,Tune; Henry's Lake, 

Idaho, August 8. 
Polygonum aviculare, L., var. latijolium, S. Watson, (Cl. King's Rep., 

vol. v, p. 315.)-Snake River Valley, July. 
Polygon·urn aviculare, L., var. erect~tm, Roth.-Weber River, Utah, 

June 19. 
Polygonu1n tenue, Michx.-Teton Basin, August 2; Snake River Val

ley, July. 
Polygonum ten~te, Michx., var. latijolium, Engelm.-Snake River Val-

ley, August. , 
Polygonum amphibi1tm1 L.-Henry's Fork of Snake River, August 5. 
Polygomtrn amphibium, L., var. aquaticum, Willd.-Divide between 

Marsh and Malade Valleys, June 29. 
Polygonum amphibium, L., var. terrestre, Willd.-Madison Canon, 

August 10; near Red Mountain, Wyoming, September 12. 
Polygonu1n Persicaria, L.-Near Brigham City, Utah, June 25. Very 

probably introduced. 
Polygonum viviparum, L.-Fire-Hole River, August 10. 
Polygonum Bistorta, L., var. oblongifolium, Meisn.-U pper Teton Canon, 

,July 28; Henry's Fork of Snake River, August; Trail Creek 1\'Ioun-
tains, Wyoming, September 13. -

Polygonum Bistorta, L., var.linearijoUu'm, S. Watson, (Cl. King's Rep., 
vol. v, p. 317.)-Mountains near Henry's Lake, Idaho, August 9; Red 
Mounta.in, Wyoming, elevation 10,000 feet, September 11. 
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ELEAGN.A.CEJE. 

Bhepherdia Canadensis, Nutt.-Teton Basin, July 21. 
Shepherdia argentea, Pursh.-Near Fort Bridger, vVyoming, August. 

Dr. Joseph Leidy. 

SANT.A.LACEJE. 

Oommandra pallida, D. C., (Prodr. 14, 636.)-Teton Basin, July 21. 

LORANTHACEJE. 

Jlrce~tthobium Americanurn, Nutt., in Herb. Durand. Found growing 
on Pinus contorta.-Henry's Fork of Snake River, August 5; along the 
Yellowstone. (See Oat., Hayden's Rep. for 1871.) 

CERATOPHYLLACEJE. 

Oeratophyll'Wtn demersum, L. (?)-Henry's Fork of Snake River, Au
. gust 6. 

CALLITRICHACEJE. 

Oallitriche verna, L.-Henry's Fork of Snake River, August 6. 

EUPHORBIACEJE. 

Eupho'rbia, dictyospenna., Fisch. an<l Meyer.-Plains near Ogden, Utah, 
,June. 

Enphorbict serpyllifolia, Pers.-Near Ogden, Utah, June 16; Lower 
Fire-Hol~ Basin, August; Snake River Valley, July. 

URTICACEJE. 

U'rtica, gracilis, Ait.-Weber River, Utah, June. 
Urtica dioica, L., yar. occidental·is, S. Watson. (Clarence King's Rep., 

vol. Y, p. 321.)-Foot-hills of the Teton Mountains, August. 
Parietaria Pennsylvanica, Muhl.-Blackfoot River, Idaho, July. 

BETULACEJE. 

Betula occidentalis, Hook.-Port N euf Canon, Idaho, July. 
Betula gland'ulosa., Michx.-Upper Canon of the Madison, Aug·ust. 
Alnus incana, "Tilld.-Teton foot-hills, July. 

SALIC.A.CEJE. 

Baz.ix longifolia, Muhl.-Henry's Fork of Snake River, ,July; di-vide 
between Marsh and Malade Valleys, J-une; foot-hills of Teton Moun
tains, August. 

Salix nigra, Marsh, var. amygdaloides, Anders.-Plains near Ogden, 
Utah, June; Port Neuf Canon, Idaho, July; Teton Basin. 

Salix cordata, Mubl.-N ear Ogden,, Utah, J nne. 
Salix cordata, Muhl., var. cmgustata, A.nders.-Snake River Valley, 

August. . 
Salix Barra.ttiana, Hook.-" With ovaries nearly smooth r' Professor 

Porter. Along streams in Teton Basin, July. 
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Salix glauca, L.---:-Swamp on H~nry's Fork of S_nake River, August; 
Upper Canon of the Madison. 

Salix glauca, L., var. pullata, . Anders.-Upper Teton Canon, July; 
Red Mountain, Wyoming, September. . 

Salix arctica, R. Br.-Snake River Valley, August; Teton 1\fountains, 
elevation 12,000 feet, July. 

Salix arctica, R. Br., var. Brownii, Anders.-Teton :Mountains, eleva
tion 12,000 feet, July. 

Salix reticulata, L.-Teton Mountains, elevati(Jll 12,000 feet, July; 
mountains near Ogden, Utah, elevation 10,000 feet, June. 

Populus tremuloides, Michx.-Teton foot-hills. Common everywhere 
in the West on foot-hills and following the courses of streams. It is 
known as "quaking asp." 

Populus bal8'amifera, L., var. angustifolia, S. Watson, (P. angustifolia,) 
James.-Along the streams of the Teton Basin, July 22; common every
where in the Northwest, in the lower altitudes; known as "bitter cot
tonwood." 

CONIFER2E. 

Pin/us contorta, Dougl.-Henry's Lake, Idaho, on mountains, Au
gust 5. 

Pinus contorta, Dougl., var. latifolia, Eugelm. (Red Pine.)-Mount
ains along Henry's Fork of Snake River, August 5; Lower Fire-Hole 
Basin, ·August. 

Pinus ponderosa, Dougl. (Yellow Pine.)-Teton Range, elevation 
6-8,000 feet, July 22. 

Pintts jlexilis, James.-Mountains near Henry's Lake, August 9; 
Teton 1\fountains, elevation 7-11,000 feet, ,July 24. 

Abies Engelmanni, Parry. (White P-ine.)-Teton Mountains, elevation 
7-9,000 feet, July 24. 

Abies JJ1enziesii, Lindl. (Balsam.)-Grand Canon of the Yellowstone, 
elevation 7-8,000 feet, August 22. 

Abies amabiUs, Forbes.(~)-Teton Range, elevation 8-10,000 feet, 
July 26. 

Abies grandis, Lindl. (White Spruce.)-1\:Ionntains near Ogden, Utah, 
elevation 7-9,000, June 13; Trail River ].\<fountains, \Vyoming, ele
vation 6-9,000 feet, September 13. 

Abies Douglasii, Lindl. (Szcamp Pine.)-Mountains near Ogden, Utah, 
ele\ation 7-9,000 feet, J nne 8; Teton Mountains, elevation 7-10,000 
feet, July 24. 

Juniperus comm~tnis, L., var. alpina, L.-lVIountains near Ogden, Utah, 
~J uue 11, elevation 9-10,000 feet; Lower Fire-Ilole Basin, August. 

Jztniperus Virginiana, L. (Red Oedar.)-1\Iountaius along Henry's 
Fork of Snake River, 6-7,000 feet altitude. 

J1tniperus occidentalis, Hook.-Mountains near Ogden~ Utah, elevation 
5-7,000 feet, June 8; Teton 1\fountains, elevation 7-lO,OOO feet, July 24. 

LEMN.A.CE2E. 

Lemna trisulcct, L.-Oommon in the waters of Henry's Pork of Snake 
River, August; it also occurs in great abundance upon the small 
streams in the two Geyser Basins.· . 

Lemna polyrrhiza, L.-In the waters of Henry's Fork of Snake River, 
August; Jackson's Lake, September. 
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TYPHAOEJE. 

Typha latijolia, L.-Snake River Valley, July; in swamps near Fort 
Hall, Idaho, in great abundance. 

Spargctnium simplex, Huds., var. androclad~tm, Engelm.-"V"vT eber River, 
Utah, June. · 

NAIADAOEJE. 

Zannichellia pa.lustris, L.-Yellowstone Lake, 1871. 
Potamogeton perfolia.tus, L., var. lanceolatus, Robbins.-Henry's Fork 

of Snake River, August 6. 
Potamogeton pectinatus, L.-Upper Geyser Basin, August. 

ALISMAOEJE. 

Triglochin palustre, L.-Hot Springs, • ten miles from Ogden, Utah, 
June 24. 

11rfolochin maritimum, L.-Swamps near Ogden, Utah, June 18; Upper 
Canon of the Madison, August 10; Yellowstone Lake, August 23. 

Sagittaria variabilis, Engelm.-Near Ogden, Utah, June 16; Henry's 
Fork of Snake River, August. 

Sagittaria var·iabilis, Engelm., var. hastata, Gray.-Divide between 
Marsh and Malade Valleys, June 29. 

Sagittaria var·iabilis, Engelm., var. diversifolia, Gray.-Weber River, 
Utah, June 19. 

OROHIDAOEJE. 

Habenaria hyperborea, R. Br.-Swamps near Ogden, Utah, Jnne 7; 
Upper Teton Canon, July 28. 

Habenaria dilatata., Gray.-Swamps near Ogden, Utah, J nne; Henry's 
Fork of Snake River, August; · Teton River, July. Common along 
almost all the streams in the West. 

Habenaria fmtida, S. Watson, (Platanthera, Gey.)-Wooded Canon of 
Teton River, July. 

Spiranthes Romanzoffiana, Cham.-Snake River Valley, July; Teton 
foot-hills, August; Fire-Hole Basin; Shoshone Lake, September; Jack
son's Lake. Common almost anywhere along t.he rout.e. 

Goodyera Menziesi-i, Eindl.-East canons of Teton Range, September. 
Epipactis gigantea, Dougl.-Swamps near Ogden, Utah, J nne. 
Corallorhiza nntltiflora, Nutt.-Shoshone Lake, V\7yoming, September. 

IRIDAOEJE. 

Iris tenax, Dougl.-Teton Basin, July. 
Sisyrinchi'l~;m Bernwdiana., L.-Malade Valley, Idaho, June; Henry's 

Fork of Snake River, August. 

LILIA.OEJE. 

Zygadenus glaucus, Nutt.-Upper Canon of the Madison, August; Te
ton Oafion, July; Trail Creek Mountains, Wyoming, elevation 10,000feet, 
September. 
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Zygadenus Nttttallii, Gray.-Ogden Caiion, Utah, June; Trail Creek 
Mountains, Wyoming, September. 

Xeroplzyllurn tenax, Dougl.--]'ort Ellis, Montana, to the Yellowstone, 
J~~ . 

Veratrum album, L.-Foot-hills of the Teton Mountains, August; swamp 
near Ogden, Utah, June. 

ProsMtes trachycarpa, S. Watson.-1\'lountains near Ogden, Utah, 
June; Gallatin Canon, September. 

Streptopus amplexifolius, D. C.-Upper Teton Canon, July 26. 
Smilacina racernosa, Desf., var. arnplexicattlis, S. Watson.-WaterfaU 

Oanon near Ogden, Utah, .June 4; Teton Basin, July 21. 
Smilacina stellata, Desf.-Near Ogden, Utah, Mg,y 31; Teton Mount

ains, eleYation 10-11,000 feet, July 24. 
Fritillaria atropurpurea, Nutt.-Mountains near Ogden, Utah, eleva

tion 9,000 feet, June 4. In fruit. 
Fritilla'ria puclica, Spreng.-Mountains near Ogden, Utah, elevation 

9,000 feet, June 4; Mountains along Clark's Fork, Wyoming, elevation 
9,000 feet. 

Oalochorttts Ntttta.llU, T. and G.-Near Ogden, Utah, May 31; Snake 
River Plains, July; Henry's Fork of Snake River, July 17. ''The 
'Sego' of the Utes and Mormons." Watson. 

Oalochortus eurycarpMs, S. Watson. (01. King's Rep., -vol. v, p. 348.)
Henry's Fork of Snake River, August 5; differs very . slightly from 
0. Nuttallii, and the two are indistinguishable except in mature ovaries. 

Lloydia serotina, Reich . ....,-Teton Mountains, elevation 11,500 feet;- July; 
:Mountains along Clark's Fork, Wyoming, elevation 9,000 feet. 

Erythronium grandijiorum, Pursh.-Monntains near Ogden, Utah, 
elevation 9,000 feet, June. 

Camassia esculenta, Lindl.-Henry's Fork of Snake River, July. The 
"Cam mas" of the Bannock Indians. This species, as well as Milla 
grandiflora, are both known to the Indians as ''Cam mas," the former 
"Green Cam mas,;' the latter ''Blue Oammas," from the color of the 
blossoms. The former is the one used for food, while the latter is care
fully avoided as being poisonous, although a large quantity must be 
eaten before anv serious effect can be noticed. 

Milla gramdijiora, Baker. ( Triteleia grandiflora, Lindl. )-Ogden Canon, 
Utah, June; Teton Canon, July. 

Allium brevistylum, S. Watson. (Clarence King's Rep., vol. v, p. 
350.)-Upper Teton Canon, July. 

Allium bisceptrum, S. Watson, (Zoe. cit., p. 351, pl. xxxvii.)-Ogden 
Canon, Utah, June. 

Alliu1'(1; stellaturm, Fraser.-Snake River Valley, July. 
Allium aettrninaturm, Hook.-Teton Basin, July. 
Allium Schcenoprasum, L.--N:ear Ogden, Utah, June; Henry's Lake, 

Idaho, August. 

JUNCA..CEJE. 

Juncus Balticus, Deth., var. montanus, Enge.Im.-Teton Canon, July. 
Juncus tenuis, Willd.-Fire-Hole Basin, August. 
Juncus bufoniu.s, L.-Henry's Fork of Snake River, July. 
Juncus longistylis, Torr.-Henry's Fork of Snake River, July. 
Juncus Mertensianus, Bong.-Uintah Mountains, Wyoming, August. 

Dr. Joseph Leidy. 
Juncus xiphioides, E. Meyer.-Yellowstone River, August. 
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CYPER.A.CEJE. 

Determined by S. T. Olney, Esq. 

Oypertts injlexus, Muhl.-Near Ogden, Utah, June 16. 
Scirpus valid1ts, Vabl.-Ogden Canon, Utah, June 8. 
SciTpus tnicrocarpus, Presl.-Swamp near Ogden, Utah 1 June 18. 
Sci?]JUS atrovirens, 1\fuhl.-Renry's Fork of Snake River, July 16. 
Carex scirpo·idea, Micbx.-Swamps near Ogden, Utab, June 18. 
Carex clistichct, Hudson.-Swamps near Ogden, Utah, June 16. 
Carex Douglasii, Boott.-Male. Divide between :Marsh and Malade 

Valleys, June 29. 
Carex leporinct, L.-Recl Mountain, elevation 10,000 feet, September 

11; Teton Mountains, elevation 12,000 feet, July 29. 
Carex jest-iva, Dewey.-Mountains near Ogden, Utab, elevation 9,000 

feet, June; Twin Buttes, on Henry's Fork of Snake RiYer, July 16; 
Fall River, Idaho, July 20; \Voodecl Calion, Teton River, July 23; Teton 
Basin, August 2; l\Iountains near Henry's Lake, Idaho, August 9. 

Carex mtlgaris, Fries., var. (~)-Growing in the spray of the Lower 
Falls of the Yellowstone, August 22. 

Garex Jamesii, Torr.-Swamps near Ogden, Utah, J nne. 
Cm·ex Jwnesii, Torr., var. Nebraskensis, Olney, ( G.Nebraskensis, Dewey,) 

(Clarence King's Rep., vol. v, p. 368.)-Malade Valley, Utah, June. 
Ga-rex laciniata, Boott.-Intermediate between the type and 0. Jamesii. 

California specimens have rougher, longer, and more hispid awns to the 
scales. Swamps near Ogden, Utah, June. 

Carex rigida, Good.-Terminal spikes-male. Red Mountain, Wyo
ming, elevation 10,000 feet, September. 

Carex attrect, Nutt.-IIenr.v's Fork of Snake River, July; Teton Basin, 
Fire-Hole River, August; Mountains along the Yellowstone. 

Gm·ex atrata, L.-Teton Mountains, elevation 10,000 feet, July. 
CaTex alpinct, Swartz.-Uintah Mountains, Wyoming, August. Dr. 

Joseph Leidy. 
Cat·ex nigra., All., (C. atrata, varo nigra, Boott.)-Teton 1\fountains, ele

vation 11,000 feet, July. 
Cco·ex Raynoldsii, Dewey, (0. Lyallii, Boott.)-Teton J\.fountaius, ele

vation 10,000 feet, July. 
CaTex capillaris, L.-Uintah Mountains, Wyoming, August. Dr. Joseph 

Leidy. 
Calex utriculata, Boott., var. globosa, Olney.-From the Lower Falls of 

the Yellowstone to Yellowstone Lake, August. 
Garex vesicaria, L.-Wooded Calion of Teton River, July. 
Carex stellulata, L.-Swamps near Ogden, Utah, June. 
Carex ---, C?}-Too young for determination. Teton Basin, Jul5r. 
Carex ---, ('?)-Too young for determination. Henry's Fork of 

Snake River, July. 

GRAl\HN.A.CEJE. 

Determined by Dr. Geo. Vasey. 

Alopecz~rus glaucus, L. (~)-Teton foot-hills, August; Snake River 
Valley, July. 

Phlemn alpimon, L.-vVeber River, Utah, June; Upper Teton Canon, 
tT uly; Grand Calion of the Yellowstone, August. 

VUja cryptandra, Torr.-Snake River Valley, July. 
50 G S 



786 GEOLOGICAL SURVEY OF THE TERRITORIES. 

Vilfa airoides, Trin.-Great Salt Lake, June; hot springs, ten miles 
from Ogden, Utah; Marsh Valley, Idaho. 

Vilfa asperifoz.ia., Nees. and Meyer.-Port Neuf Valley, Idaho, ,July; 
conimon in Loth Geyser Basins, August ; Twin Buttes on Henry's Fork 
of Snake River. 

Vi~fa depa/uperettn, Torr.-Blackfoot Rh·er, Idaho, July; Henry's Fork 
of Snake River; Upper Ge.vser Basin, August. 

Ag·rostis perennans, Gr.-Lower Geyser Basin, August. 
Agrostis sca.brct, Willd.-Snake River Valley, July; Lowel' Geyser 

Basin, August; Jackson's Lake, September. 
Agrostis cxarata., Trin.-Teton Mountains, elevation 10,000 feet, July . 
.A:grost-is caninct, L., var. alpina, Oakes.-Growing in the spray of tlle 

Grand Falls of the Yellowstone, August. -
Oinna arundinacea, L.-Union Pass, Gallatin River, September. 
Vaseyc(J comata, Tllurber.-Upper Geyser Basin, August. 
Oalamagrostis Oana.densis, BeauY.-Henry's Fork of Snake River, 

July; Teton foot-hills, August. 
Oalc(Jrna,grostis Langsdor._ffii, Trin.-Henry~s Fork of Snake River, July. 
Oa.lamagrostis stricta, Trin.-Uintah Mountains, Wyoming, August, 

1872, Dr. Joseph Leidy; Teton Basin, August; Henry's Fork of Snake 
River, July. 

Oalarnagrostis sylvatica, D. C.-Teton Basin, July; Henry's Lake, 
Idaho ; Au·gust; Teton Range. 

Eriocoma cuspida.ta, Nutt.-Plains near Ogden, Utah, June; Snake 
l~iver Valley, July; Upper Canon of the l\'ladison, August. A valua
ble " bunch-grass.'' 

Stipa spartea, Trin.-Near Brigham City, Utah, June; Fort Hall, 
Idaho, July. 

Stipa comata, Trin.-Snake RiYer Plains, July. 
Stipa virid'ltla, TrilL-Henry's Fork of Snake Hiver, July. 
Boutelo'ltet oligostachya, Torr.-Union Pass, Gallatin RiYer, September. 
Spartina grcwil·is, Trin.-Snake River Valley, July; found in both· 

Gerser Basins, August. 
Kmleria crista.ta, Pers.-Plains near Ogden, Utah, June; Marsl! 

Valley, Idaho; Teton foot-hills, July; Upper Canon of the Madison, 
August. 

Eatonict obtusctta, Gray.-Port Neuf Caiion, Idaho, July. 
Melicct bulbosct, Geyer. (Gray, in Proc. Am. Aaad., lVIay, 1872.) The 

}f. pomoides of Whipple's Rep. and Bolander, but not of Nuttall.-Near 
Ogden, Utah, June; SuakeHiver Valley, July; Upper Teton Caiion. 

Melica strictc(J, Boland.-Red Mountain, elevation 10,000 feet, Septem
ber. 

Glyceria nervctta, Trim.-Port Neuf Valley, Idaho, July; Shoshone 
Lake, September. 

Glyceria pauci.fiora, Presl.-Snake River Valley, July. 
Glyceria d·istans, \Vahl.-Upper Geyser Basin, August. 
Brizopyrum spica turn, Hook.-Great Salt Lake, J uue; hot springs, 

ten miles from Ogden, Utah; Snake River ValleJ·, July. 
Poa alpina, L.-Teto,n Range, elevation 10,000 feet, July. 
Poa Eatoni, S. Watson.-Near Great Salt Lake, Utah, June. 
Poa Kingii, S. Watson.-Near Great Salt Lake, Utah, June; Teton 

Range. 
Poa tonuifolia, Nutt.-Uintah Mountains, Wyoming, August, 1872. 

Dr Joseph Le-idy. 
Atropis Oalifornica, Mnnro.-Malade Valley, Utah, June. 
Festuca tenella., Willd.-Plains near Ogden, Utah, J nne. 
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Festuca microstcwhys, N utt.-Plains near Ogden, Utah, J nne. 
Bromtts breviaristattts, Tlmrber, (~) ( Oeratochloa, Hook.)-Marsll. Val-

ley, Idaho, June; Teton Basin, July. 
Bromus ciliatus, L.-Upper Calion of the 1\Iadison, August. 
Phragmites conwHmis, L.-Port Neuf Valley, Idaho, July. 
Triticum repens, L.-Port Neuf Ualion, I<laho, ,July; Snake River 

Valley. It is known as "blue-joint," and is valuable for l1ay and graz
ing. Found also in the Upper Geyser Basin, August. 

1'riticmn caninwn, L.-Upper Geyser Basin, August. 
Tt·iticwn strigosum, Steud.: (Brmwlts, Bieb., T. cegilopoides, Turcz.)

Teton Basin, July. 
Triticum glcttteum, Desf. (?)-Port Neuf Valley, Idaho, July; Snake 

River Valley. 
Hordeum pusillum, Nutt.-Marsh Valley, Idaho, July; Snake River 

Valley; Teton foot-bills, August. 
Hordeum jubatwn, L.-Ogden Calion, Utah, June; Snake River Val-

ley, July. 
Hordeum jubatwn, L. var.-Peculiar to the Upper Geyser Basin. 
Elymus molli8, Trin.-Henry's Fork of Snake lth-er, July. 
Elynws condensattts, Presl.-Fort Hall, Idaho, July; Teton Basin; 

Snake River Valley; Blackfoot River. 
Elymtts Sitanion, Schult., (Sitanion elynwides, Raf., and Polyantherix 

Hystrix, Nees.)-Great Salt Lake, Utah, June; Henry's Lake, Idaho, 
August; Lower Geyser Basin, September. 

Elymus Sibiricus, L.---'Heury'R Fork of Snake River, July; Upper 
Geyser Basin, August. 

Danthonia Oalifornica, Boland.-llenry's Fot·k of Snake River, July; 
Teton foot-bills, August. 

Trisetwn subspicatum, Beaud.-Trail River :Mountains, eleyation 
:m,ooo feet, September. 

Trisetwn subspicatwn, Beaucl., var. muticum.-Teton Calion, July. 
TTisetwn subspicatwn; Beaud., Yar. molle, Uintalll\Iouu tains, Wyoming, 

August, 1872. Dr. Joseph Leidy. 
A ire~ jiexuosa~ L.-Hot springs ten miles from Ogden, Utall, J nne. 
Aira, cwspitosa, L.-Fire-Hole l{in~r, August. 
PhalaTis arundinacea, L.-l\1arsh Va.lley, Idaho, June; Snake River 

Valley, July; Upper Calion of the l\Iadison, August. "Known as 
'crazy grass,' from its reputed injurious effect upon llorses.'' Watson. 

Panicwn capillare, L.-Yellowstone Lake, August; very common in 
both Geyser Basins. 

EQUISETACE~. 

Equisetum arvensc~ L.-Ogden Calion, Utall, Jnne. 
Eqztiset'ltm hyemale, L.-IIenry's Fork of Snake River, July. 
Equisetum pratense, Ehr.-lleury's Fork of Snake River, July. 
Equisetzon vaTiegatwn, Schleicher.-Lower Fire-Hole Basin, August. 
Equisetwn scif:poides, 1\iichx.--:-Snake River Valley, July. 

FILICES. 

Ptet·is aquilina,, L.- Shoshone Lake, September; Upper Geyser 
Basin, August. 

Pellmc~ Breweri, D. C. Eaton.-.Mountains near Ogden, Utah, June; 
Teton Range, July. 

Pellwa densa, Hook.-Jackson's Lake, September 23. 
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Oryptogranune cwrostichoides, R. Br.-New Geyser Basin on Shoshone 
Lake, September 6. 

Aspidium Lonch'itis, Swartz.-Upper Teton Ca:iion, July 28. 
Aspidium spinulosum, Swartz.-Eastern canons of the Teton Range, 

September. 
Oys·topterisfragilis, Benth.-Teton Range; along Snake River. 
Botrychi~tmlunarioides, Swartz., var. obliqu~tm, Gray.-Oommonin both 

Geyser Basins, August. 
vVoodsict scop·ulina, D. U. Eatou.-Lower Falls of the Yellowstone, 

August; Eastern canons of the Teton Range, September. 
Wooclsia Oregana, D. C. Eaton.-lVIountains near Ogden, Utah, June. 

L YCOPODIACE~. 

8ela.ginella r~tpestris, Spreng.-Common everywhere on the route. 

HYDROP1'ERIDES. 

JJ1arsilia vestita, Hook. and Grev.-In the water of Henry's Fork of 
Snake River, July 18. 

CHARACE~. 

Ohara fragilis? Desv., no fruit.-Yellowstone Lake, August 23. 
Nitella, --, (~) Species undeterminable. 

MUSCI. 

Determined by Leo Lesquereux, Esq. 

Sphagnum cwutifoli~trn, Ehrll.-Shoshone Lake, September. 
Dicramtm interrupt~tm, Bryol. Eur.-Upper Teton Calion, July 24. 
Dicranurn scoparium, Hedw., (Bryol. Eur.)-Upper Teton Calion, 

July 24. 
Oeratodon p~trpurmts, Brid.-Teton Calion, July; Snake River, Sep

tember; Fort Hall, Idaho, October. 
Encalypta vulgaris, Hedw.-Near Fort Hall, Idaho, July. 
Grimmict (8chistidium) conferta, Funk.-Near .Fort Hall, Idaho; Yel-

lowstone Valley, August. 
Grimmia Scouleri, Miill.-Yellowstone Valley, August. 
Grimmia calyptrata, Hook.-Fort Hall, Idaho, July. 
Racomitrium fasciculare, Brid.-Hot springs near Ogden, Utah~ June; 

Henry's Fork of Snake River, July; Jackson's r .. ake, September. 
Racomitrium fasciculare, Brid., var.-Teton Calion, July 26. 
Racomitrium lanuginos~tm, Brid.-Upper Teton Calion, July 26. 
Hedwigia cUiaia, Ehrh.-Shoshone Lake, September. 
Bartramia fontana, Brid.-Hot springs near Ogden, Utah, June; 

Fort Hall, Idaho; Teton Cafion, .Tuly; Fire-Hole Basin; Yellowstoue 
Valley, August; Jackson's Lake, September; Snake River Calion, 
October. 

Bartramia fontana, · Brid., var.-Teton Canon, July 24. 
Brytun pyriforme, Hedw.-Yellowstone Lake, August 23. 
Bt·yu-m intermedi~tm, Brid.-Teton Canon, July 24; First Canon of 

the Gallatin; Jackson's Lake, September. 
Brywn bimum, Schreb.-First Canon of the Gallatin, sterile; Fort 

Hall, Idaho,. July. 
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Bryum pseudo- triquetrum, Bryol. Eur.-Shoshone Lake, September. 
Bryurn turbinattwn, Hedw.-Upper Teton C~riion, July 26. 
Bryum inclinatwn, Hedw.-Upper Teton Canon, July 26. 
Bryurn --, (~ ) undeterminable, no fruit.-Teton Calion, July. 
BryiWL --, C?) undeterminable, no fruit.-Teton Basin, August. 
B1·ymn --, (?) undeterminable.-Teton Range; elevation 10,000 feet, 

July 24. 
Brywn --, (?)undeterminable, no fruit.-Teton Canon, July 26. 
Brymn --,(?)no fruit.-Yellowstone Valley, August 23. 
Bryurn --, (?)undeterminable, no fruit.-Jackson's Lake, Septem

ber. 
Bryurn --,(?)undeterminable, no fruit.-Lower Fire-Hole Basin, Au-

gust. 
Mniwn punctatum, Hedw.-Near Fort Hall, Idaho, July. 
j}fni'ltm cusp-idat'lt?n, Hedw.-Sboshone Lake, September. 
Mnittm affine, Bland.-Upper Teton Calion, July 26. 
Mni'ltm -- , (?) undeterminable.-Teton Canon, July 24. 
Aulacomnion palustTe, Schwrngr.-Teton Calion, July 24; Shoshone 

Lake, September. 
Timmia megapoz.itana, Hedw.-Fort Hall, Idaho, July; Teton Canon, 

July 24. 
Polytrichiumjuniper,inum, Hedw.-Fort Hall, Idaho, July 5. 
Font-ina lis antipyretica, L.-Henry's Fork of Suake River, July 16. 
Dichelymctfalcatum, Myrin.-Snake RiYer Valley, JuJy 15. 
Oamptothecium Nevcu1ense, Lesqx.--'-First Calion of the Gallatin, Sep-

tember 18. 
Climcwiurn dendroides, Web. and Mohr.-Upper Calion of the Madison, 

August. 
Hypnum triquetrum, L. (Hylocomiurn tr,iquetntTn, Bryol. Eur.)-Teton 

Canon, July 24; First Canon of the Gallatin, September 18. 
Hypnum splendens, Hedw. (Hylo6:omium splendens, Bryol. Eur.)-First 

Canon of the Ga.Uatin, September 18. 
H.1Jpnum gigantettm, Scbirnp.-Upper Teton Calion, July 26. 
HypnunL 'ttncinat'lwn, Hedw.-Teton Calion, July 24; Yellowstone Val-

ley, August 23; First Canon of the Gallatin, SeptemlJer 18. 
Hypnum flu'itans, L.,-J ackson's Lake, September. 
Hypnum aduncwn, Hedw.-Yellowstoue Lake, August 23. 
Hypmon salebro8'ltrn, Hoffm., (Brachythecium salebros'ltm, Bryol. Eur.)-

U pper Teton Calion, July 26. 
Hypnum lwtum, Brid.-Yellowstone Valley, August 23. 
Hy1J1w1n rivulare, Bruch., (Brachythecimn rivulare, Bryol. Enr.)-Upper 

Teton Canon, J ul.v 2o. -
Hypnum Nttttallii, \Viis., (Leslcea Oalifornica, Hampe in Linrna, 1859, 

p. 460.)-Teton Canon, July 24; First Canon of the Gallatin, Septem
ber, 18. 

Hypnum riparium, L., (Am,blystegium riparium, Bryol. Enr.)-Yellow-
stone Valley, August 23; Fire-Hole Basin, September. 

Hypnum ripariurn, L., var.-Snake River Valley, July. 
Bypnmn filicinum, L.-First Caiion of the Gallatin, September 18. 
Hypnttm irrigttum, Wils., var. jallax, Brid.-Near Fort Hall, Idaho, 

,July 5. 

REP .A.'l'IC.lE. 

R ,iccia crystctllina, l.J.-Teton Cailou, July 26. 
JJ1an;hantict polymorplw., L.-Henry's Fork of Snake River, July; 

Shoshone Lake, SeptemlJer 6. 
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Fegatella conica, Corda.-Upper Teton Calion, Jnly 28; Lower Fire
Hole Basin, August. 

LICHENS. 

Determined by Henry Willey, Esq. 

[The order is that of Tuckerman's Generct Lichenmn. J 
Ere~·nia vulpina, vVulf.-Ou trees at the Grand Falls of the Yellow

stone. Fertile. ( 1.) 
Usnea triclwdea, Ach.-In some of the specimens the fibrils are tipped 

with minute .black points resembling spennogones, bLlt no spermatia 
could be detected. (2.) 

Alectoriajubata, Fr.-Shosbone Lake, September. Infertile. (3.) 
AlectoTia jubata, Fr., var. in~plexa, Fr.-On branches of Coniferm. 

Iw.tertile. ( 3(t.) 
Ilwloschistes J'ctrietinus, (L. Desf.) Nyl., var. lychnens, Schmr.-On dead 

wood, Jackson's Lake, September. (4.) 
PaTmelia saxatilis, Acb.-Fragments. Infertile. (5.) 
Pannelia conspe'l'·sa, Ach.-Infertile fragments. (6.) 
Pannelia physodes, Ach.-On branches. (7.). 
Pannelictolivacea, Ach., var. exasperata, (D.N.)-Very small aud scanty 

specimeus on dead wood. (8.) 
UmbilicaTia polyphylla, Hoffm.-Sboshone Lake, September. Infertile. 

(9.) 
Umbilica1·ict cylindrica, Ach. (~)-Infertile. (10.} 
UmbilicctricL hirs~tta, Ach.-Infertile. (11.) 
Umbilicaria, ntgijera, Nyl.-Teton Mountains, elevation 12,000 feet, 

July 2!J. (12.) 
PeUigent aphthosa, Hoffm.-Mystic Lake, near Fort Ellis, Montana, 

Jnly. (13.) 
Peltigera canina, Hoffm.-Teton Caiion; bot springs, and elsewhere. 

(14.) 
Peltigera canina, Hoffm., var. spuria, Acb.-'reton Calion. (14 a.) 
Solorina. saccata, Ach., var. spongiosa,, Nyl.-On the earth among Al· 

gm; Canon Creek, I4aho, September. (147J.) 
Placodi1un cladodes, Tnckerm.-Teton Mountains. Infertile. (15.) 
Placodium coralloides, Tuckerm.--Teton Caiion, (16.) 
Plcwodium '1JWTOT1t7n, (Hoflm.,) D. C.-The specimens are numerous. 

(17.) 
PlacodiU?n murorum D. C., var. citrinwn, (Ach.) Nyl.-\Vith the 

aboYe, but less abundant. (17 a .. ) 
Placodi1tm callopism~tm, Ach.-The specimens are numerous. (18.) 
Placodiumpeliophyll'ltm, Tnckerm., (Genera, p.108.)-Thallus crnstace

ous and white a.t the center, at the circumference laciniate linear mul
tifid, glaucous fuscescent. Apothecia central crowded, the margin en
tire, disk-plane white, pruinose, cracked. Pa.raph_vses articulate. IIy
menial gelatine blue with iodine. Spores polar.bilocular, .016-21 min. 
long, .008-10 min. wide. On rocks, Fort Ellis, I~ontana. (10.) 

The specimens are scanty, but I venture to refer it as above, though 
I have only seen the brief description cited. 

Placodiwn vaTiabile, (Pers.,) Nsl.(?)-Thallus tartarious, rimose areo
late, whitish. Apothecia sessile, the disk black. Spores polar-bilocular, 
.015-18 min. long, .007-!J min. wide. (20.) 

The single fragment is very small, and hardly sufficient for satisfac
tory determination. 
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Placodi1.un vitellinum, (Ehrb.,) Acb.-On dead wood. (21.) 
Placodiwn luteo-m·iniwn, Tuckerm. Licb. Calif., p. 18.-A small Placo

dium growing among mosses, whicll seems referable here. (22.) 
Placodiwn ---, (~)-A few scattered apothecia witll a plane ferru

gineous disk, in rocks among other lichens, not sufficient for determina
tion. (23.) 

Lecanora, 1·ubina,,Ach., var. peltctta,, D. C. (24.) 
Lecctnora, rubina, Acb., var. opacct, Ach.-The specimens of both these 

varieties abundant. (24a.) 
Lecanorct muralis, (Scllreb.) Schmr. (25.) 
Lecano·ra --, ("?) (26.) 
Lecanorct ---, en (27.) 
Tllese two lichens belong to tlle section Squamaria, but I am unable 

to identify them from the scanty fragments. Tlle thallus resembles 
that of L. cartilftginea, as described, but the apothecia are like those of 
L. S'ltbfnsca, ; in the one with a convex, rufous fuscous disk and entire 
margin; in the other witll a plane, black disk and flexuous margin. 
Spores simple, .012-15 min. long, one-halt as wide. Both are perhaps 
.forms of the same plant. 

Lecanora subfztsca, Ach.-On stones and dead wood. (28.) 
Lecanorit. varia,, Fr.-On dead wood. (29.) 
Lecanora Hageni, Ach.-On stones. (30.) 
Lecanora cine·rea, L., var. Hoffnwnni, Ach.-Some of the specimens 

have a plicate crust, but seem not separable. (31.) 
Lecanora rhagadiosa, Ach. (Acaraspora scabra,Th. Fr. Scaud., p. 208.)

Red :Mountain, elevation 9,000 feet. New to tbi::; continent, and, with 
Leciclict mamillaris mentioned below, an interesting addition to the few 
lichens common to only the western slope of North America and Europe. 
(32.) 

Lecanora xanthophana, Nyl.-On rocks. (33.) 
Lecanorct chlorophanct, (Wahl.) Ach.-On rocks. 
Lecanora Schleicheri, (Ach.,) NyL-On the earth, the specimens scanty. 

(35.) 
Lecanora cervina, (Pers.,) Somf., var. glaucocarpa, Somf. (35.) 
Lecanora, cervina, (Pers.,) Somf., var. squanwlosa, Fr.-Some of the 

specimens have prominent brownish-black spermogones with minute 
spermatia, .002 min. long. (36a.) 

.Lecctnora, cervina, (Pcrs.,) Somf., var. glebora, (Kbv.)-The specimens 
are numerous, some of them apprmtehing the -var. disacta, Fr. (36b.) 

Leccwwra ---, (~) Thallus areolate verrucose, crnsius pruinose. 
Apotheeia immersed, 1 to 3 in the areoles, the disk plane, black or 
white pruinose. Thekes myriosphorous. Spores elliptical, .005-.006 
min. long, one-half as wide. On rocks with the preceding, from which 
it is perhaps distinct. (37.) 

Rinodinct soplwdes, (Ach.,) var. exigna, Nyl.-On dead-wood. (38.) 
Rinodina Bischofii, (Hepp.,) Kbv.-On rocks. (39.) 
Oladonia pyxidata, E'r. ( 40.) 
Olculonia gracilis, Fr., var. 'certicillata, Fr., Charles H. Peck, esq, ( 40b.) 
Oladonic~; fumbriata, Fr. (40a.) ; 
Oladonia 'ra.ngiferina, Hoifm. ( 41.) 
Olctdonia squcanosa, var. delicata,, Fr. Charles H. Peck, esq., (41b.) 
Biatora decipicns, Fr. (42.) 
Biatora l'ltridella, Tuckerm. ( 43.) 
Lecidea contigua, Fr.-A single specimen. (44.) 
Lecidea, ---(~)-A small lichen on dead wood, with the habit of L. 

melancheuria, but with larger spores. Perhaps to be referred to L. scibu
letorwn, Fr. ( 4.5.) 
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Lecidea spilota, Fr.-A single specimen. (46.) 
Lecidea polycarpa, Flk.-A single specimen. ( 4 7.) 
Lecidea atro-bntnnect, (D. C.,) Schter. (48.) 
Lecidea jusco-atra, (Ach.,) Fr. (~)-A single specimen, about which I 

am not certain. (49.) 
Lecidea marnillaris, (Gonan Schmr.)-On the earth. New to this con-

tinent. (50.) 
Lecidea, caulescens, Auz.-A single fragment. (51.) 
Buellia myriocarpa, D. C.-On dead wood. (52.) 
Buellia petrcea, (Fl.,) var. geminata, (Nyl.)-A single specimen. (53.) 
Buellia petrma, (Fl.,) var. Montagnei, (D. C.)-A single specimen. (53a.) 
Acolium ---(~)-Thallus verrucose, the verrucm turgid, glaucescent. 

Apothecia innate-sessile, on the apex of the verrucm, the disk plane 
surrounded by a cupula, black proper exciple, with no traces of a thal
lium margin. Hypothecium white. Spores bilocular, .004-23 min. 
long, .009-11 min. wide. A few specimens occurred on dead wood. 
Perhaps a new species. (54.) 

Endoca.rpon miniatum, (L.) -schmr., var. complicat~tm, Schmr. (55.) 
Endoca.rpon pusillum, Hedw.-Two or three squamules, on the earth. 

(56.) 
There are five or six other lichens in the collection, but infertile and 

insufficient for determination. 

FUNGI. 

Determined by Charles H. Peck, Esq. 

Agaricus geophyllus, Sow.-Teton Canon, July 24. 
Thelephora terrestris, Fr.-Along the Yellowstone. 
Lycoperdon pyrfj'orme, Schmff.-N ear Yellowstone Lake, August 23. 
·Melamsora salicina, Lev.-Head-waters of Snake River, September 11. 
.2Ecidiurn pyrcttum, Schw.-Head-waters of Snake River, September 11. 
Peziza (Macropodes) vulcanalis, n. sp.-Cup fleshy, funnel-form, stipi-

tate, crenate on the margin, smooth when fresh, rngulose and more or 
less brown ·when dry; hymenium pale orange; stem slender, solid, 
smooth, brown; asci cylindrical; paraphyses slightly thickened at the 
tips; spores elliptical, smooth, 0.0004-0.0006 inch loug, 0.0003 inch broad. 
Plant, 6-10 lines high; cup 4-6 lines broad. Ground. Extinct vol
cano, Snake River, July 1G; Twin Buttes. 

HysteriwnPinastri, Fr.-NearYellowstone Lake, August 23. Ou pine 
leaves with the following: 

Sphceria (Byssisedce) Ooulteri, n. sp.-Subiculum effused, indeterminate, 
brown; perithecia small, gregarious, subglobose, fragile, involved iu the 
subiculum, the ostiole prominent, naked, irregular, rough, black; asci 
fugacious ; spores uniseriate, uniseptate, constricted in the middle, 
colored, 0.0008-0.001 inch long, 0.0003-0.00035 inch broad. Leaves and 
branchletsof pines. Near Yellowstone Lake, A.ngust. The soft, almost 
cottony subiculum creeps extensively over the leaves, binding them to
gether in masses, and sometimes presenting upon the surface a shining 
membranous appearance. The perithecia are closely invested by it, the 
rather large ostiola alone protruding above it. Dedicated to its dis
coverer, J. M. Coulter. 

Olavaria formosa, Pers.-Jackson's Lake, September. 
Geaster hygrometricus, Pers.-No l0cality. 

ALG.JE. 

Zygnernct fontana, (~)-Common in Henry's Fork of Snake River. 

.. 
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REPORT ON ASTRONOMY AND HYPSOJ\tiETRY. 

By HENRY GAN.NETT, M:. E. 

WASHING'l'ON, D. C., April 11, 1873. 
SIR: I have the honor to submit to you the following report on the 

astronomical, hypsometrieal, and meteorological work of the United 
States Geological Survey of the Territories during the season of 1872. 

The field-work of the Yellowstone division was conducted by myself, 
assisted by Professor E. B. Wakefield, of Hiram College; Mr. A. E. 
Brown, and Mr. T. O'C. Slom~e. 

The field-work of the Snake River division was conducted by l\ir. 
Rudolph Hering·, assisted by Messrs. Thomas W. Jaycox and W. A. 
West. Mr. vVilliam Nicholson was stationed at Fort Hall through the 
summer taking barometric observations. During the winter he bas as
sisted me in the office-work. 

l\1:r. Hering left the survey early in the spring, .shortly before his re- · 
port was completed. I have finished it, and present it in as complete a 
form as possible. 

The meteorological observations. at Fort Hall, and at the camps of the 
two divisions, I have thought best to print in a volume separate from 
the report, pti.tting in the report only a few deductions from them. 

I would express my thanks for assistance received from the United 
States Coast Surv~.y, the Nav.v Department, the Signal Service of the 
United States Army, Captain J. E. Putnam, at that time in command 
at Fort H~dJ, and to General J. E. Blaine, surveyor-general of Montana. 

I am, sir, very respectfully, yours, · 
HENHY GANNETT. 

Dr. P. V. HAYHEN, 
United States Geologist. 

The astronomical instruments placed at my disposal were: an astro
nomical transit, belonging to the United States Uoast Survey, of one 
and a half inches aperture and sixteen inches focal length; a zenith 
telesco11e belonging to the United States Coast Survey; t\vo sextants 
and artificial horiz.ons; a box-chronometer rated on sidereal time; two 
pocket-chronometers~ the property of the United States Navy, rated on 
mean time. 

Of these, a sextant and horizon and one of the pocket-chronometers 
were put in charge of Mr. Hering for use in the Snake River division. 
'rhe chronometer ran very badly, stopping on several occasions, of 
course making longitude determinations by it worthless. I append the 
list of latitudes. 

The pocket-chronometer taken by me got out of order while at Fort 
Ellis, and was of no use on the trip. 

The latitude of Fort Hall was determined with the zenith telescope 
by observations on five pairs of stars on three nigh is. The result, with 
a probable error of 011.80, is given below. . 

Having been disappointed in my plans for determining longitude by 
telegraph, where the telegraph was available, I was compelled to resort 
to moon culminations, whenever the time permitted. 
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At Fort Hall I observed through one lunation, obtaining seven cul
minations, which gave the result submitted below, with a possible error 
of 7.4 seconds. 

The latitude of J:1-,ort Ellis, and of all other stations besides Fort Hall, 
was determined with the sextant, by observations on Polaris and a south 
star, whenever possible, and on the sun whenever the movements of the 
party permitted. 

'For the determination of the longitude of Fort Ellis, I succeeded in 
obtaining only two moon culminations. I have adopted the longitude 
given b~T chronometer in preference. 

The longitn9-es of the other stations in the list of astronomicalJ)Osi
tions appended depend on observations with the sextant on the east 
and west stars, or on the sun, and the rate of the chronometer. This 
has been exceptionally good, having lost from observations made at 
Salt Lake City at the beginning and end of the trip, by 2 minutes, 13.65 
seconds, between May 28 and October 29. Its rate was checked during 
the season by returning to Fort Ellis, the Three Forks of the Missouri, 
and Fort Ball, and, in all cases, was found to be very uniform. 

YELLOWSTONE DIVISION. 

List of astronomical positions. 

rp (,) 

0 I II 0 I II 

Port Hall, Idaho, ....................................•. 43 8 54.98 112 6 30 
Virginia City, Mont., (United States signal-service office) 45 19 1.5 111 56 30 
Port Ellis, Mont., (camp 1) . ........... _ ............... 45 40 40 111 0 15 
Helena, Mont., (surveyor-general's office) .. - ......... - ................. 46 35 36.H 111 52 45 
Camp 3 . - .. - .... -- ---- '- ..... -.. ~- - .. -.... - ..... - ....... - ..... - ...... - ..... - .. - 45 26 20.6 110 46 58 
Camp 4, Bottler's Ranch ...••.............. _ ........... 45 19 58 110 50 15 
Camp 5 ... -.................... -- .. - ... -..... --- .... -....... -... - ... ---- .......... -- ..... - .. 45 12 27. l 110 56 30 
Camp 6 .•.•.•.•.....••.....•.....•.••.........•..••.. 45 4 52.9 110 50 26 
Mouth of Gardiner's River, northern boundary of Yellow-

stone National Park ..................... .............................. 45 2 2 110 43 15 
White Mountain Hot Springs, (camp 7) ... -- .... - ...................... -... 44 58 31.2 110 43 25 
Camp 8 ............................................... 44 59 27.8 110 36 30 
Camp 9 .......................................•....... 44 fi6 8.2 110 30 10 
Yellowstone Palls, (camp 11) .......................... 44 44 17.1 110 '33 48 
Camp 12 -.. ---- .. -- ........... -......... -................ -.................... - ........... - .. -- .. 44 36 26.3 110 32 27 
Head of Yellowstone Hiver, at lake .......•....•. : . .... 44 32 47.3 110 32 14 
Camp 13 .............................. _ .......... _ .. _. 44 35 35.4 110 50 35 
Lower Geyser Bas~·.:J., (camp 14) ........................ 44 34 30.6 110 55 15 
Camp 15 ............................................ - ................................................... ------ 44 38 32.2 110 fit-3 54 
Camp 16 - ........................................... -........ -- ........................ - ... -- ............. -.... 44 41 30.2 111 8 52 
Camp 17 - ............... - ................. - ................. - ........ --- ................. -........ - ........ 44 48 15.7 111 23 45 
Camp 18 .............. - ... - .................... -..................... -- ............................. - ... - ........ 44 52 47.4 111 26 36 
Camp 19 ........ - ......... - ..... -- ... -....................... -- ............... -................................... 44 50 43.3 111 33 27 
Camp 21 ......................................................... ------ .. ............ ·----- .......... 45 7 35.3 111 44 0 
Camp 22 ..................•.................... _ ... _. 45 13 4.1 111 50 12 
Camp 25 .. ........... ---- --- .......................... --- ... -- ........... - ..... - ........ -....... -... 45 39 19.4 111 40 40 
Three :E'orks of the Missouri, (camp 27) ................. 45 55 51 111 34 G 
Camp 28 - .................................................................... ---- .............................. 45 47 51.8 111 16 31 
Camp 35 .............. -----· ............................................ ·----· ............ 4fi 14 51. 1 111 21 46 
Camp 36 ...................................... ------ ·----- .............. ---· .............. 45 10 58.6 111 12 i) 

Camp 39 ..................... _ ............ _ .•..... _ .. 45 34 8. 1 110 39 10 
Camp 41 ------- ............. ·----- ·----- ............. ·----· -----· ..... 45 44 14.4 110 58 23 
Camp 42 ................................. _- ........ _. 45 51 5G no· 58 42 
Camp 43 - .......................................................... ·----· ......................... 45 58 19 111 10 15 
Camp 44 ............... ·----· .................................................... -------- 4G 1 17 111 29 40 
Western boundary of Yellowstone National Park. ............................... 111 14 33 
Southern boundary of Yellowstone Nat'l Park, (approx). 44 9 30 ........ ·--- ....... 
Eastern boundary of Yellowstone N at'l Park, (approx) .. ............................... 110 !) 0 



GEOLOGICAL SURVEY OF THE TERIUTORIES. 7 9 7 

Tile magnetic variation was determined by observing the azimuth of 
Polaris with the gradienter, an instrument reading to minutes; the re
sults are to l>e depended on to that degree of precision. I append the 
list: 

Date. 

July 12, 1872 
July 27, 1872 
Ang. 7, 1872 
Aug. Hi, 1872 
Aug. 31, 1872 

Sept. 9, 1872 
Sept. 23, 1872 
Oct. 12, Ul72 

Place of observation. 

Fort Ellis ______ .... ___ ... _________ . ____________________ .-
White Mountain Hot Springs .. __ .. _____ ... __ . _. _. ______ . _ 
Yello,>stoue Falls .... ------------------ .... ____ . ________ _ 
Lower Geyser Basin ___ . _ .. __ . ___ . _ .. ____ . ___ . _. _ .... ___ . _ 
Mouth of Indian Creek ......... -----·-----·------ ....... . 
Virginia City+< __ . ___ ... __ ..... _. __ .... ___ . .. ___ •....... _ 
Gallatin City .... ·-----.----··-----·-----·----------- ___ _ 
Head of Gallatin, (latitude 45° 15') . ____ . __ . _ .. __ . __ . ____ _ 
Helena ................•........ _. _ .. _ .... __ .. _. __ ... _ •.. 

Mag. var., 
east. 

0 

19 41 
19 17 
19 0 
18 29 
19 22 
1!) 15 
19 31 
19 9 
19 59 

" GiYen me by Mr. Corbett, of Virginia City, United States Dep. Min. Sur. 

The instruments placed at my disposal for hypsometric and meteoro
logical work were six of Green's cistern barometers, two of these being 
single and four of them double, vernier barometers, with a sufficient 
supply of wet and dry bulb and maximum and minimum thermometers, 
and a good supply of aneroids. 

I decided upon Fort Hall, Idaho~ and Virginia City, Montana, as 
suitable and available base-stations. The altitude of the former place 
was determined by coincident observations at this point, and Ogden, 
Utah, (the elevation of which was taken from railroad levels,) for three 
weeks during the month of June; that of Virginia City, by coincident 
observations between that point and Fort Hall, during the months of 
June,July, August, and September. 

The base observations at Fort Hall were made by l\fr. Wm. Nichol
son, of the stu-vey. Tiley were made hourly from 7 a.m. to 9 p.m., 
during the whole time that the parties were in the field. 

The United States signal-service, through its sergeant observer at 
Virginia City, Mr. A. B. Knight, kindly allowed me the use of the obser
vations taken there, for hypsometric purposes, modifying slightly, to 
suit my wishes, their method of observation. One of th~ single vernier 
barometers, with dry and. wet bulb and maximum and minimum ther
mometers, ~as left at Fort Hall, for Mr. Nicholson's use. I gave to 
l\Ir. Hering, who took charge of this work ia the Snake Ri-ver diYision, 
two of them, with the other necessary instruments, and reserved the 
others for use in the Yellowstone division. 

Aneroids have been used considerably, especially where closely accu
rate results were not required, and ha-ve been found, if compared daily 
with the men·urial- ·barometers, and carefully used, to be sufficiently 
accurate for the purposes for which they were employed. 

I have paid some attention to elevations of the water-level of streams, 
not only for getting the rate of fall, which may be of use for purposes 
of irrigation, &c., but as indicating what may be called the water-con
tour of the country, which. certainly expresses the general elevation of 
the country better than any other class of observations. 

As the question of the locatioN. of a railroad from some point on the 
Central Pacific Railroad to the settled portions of M:<mtana is now of 
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much mterest, I paid considerable attention to that portion of the route 
up Henry's Fork of the Snake River, over Raynol(rs Pass and down tbc 
l\fadison, a route which bas recently begun to attract attention, o-ver 
which we traveled; i. e., from the valley of Henry's Lake over Ray
nold's Pass, and thence down the Madison River to the Three l"forks of 
the Missouri. The route pursued by our train down the Madison, from 
the foot of the Middle Canon, is by no means tbe easiest route. A rail
road can follow closely the bank of the river with little expense from 
this point to the head of the Lower Canon at Meadow Creek. 

The valley of Henry's Lake is brJad and perfectly level, but Yery 
swampy near the lake. A road coming up Henry's Fork of the Snake, 
would make a S\Yeep around the lake, keeping at a distance of abont a 
mile from it on the east side. The summit of Raynold's Pass can ue 
reached by easy grades of not more than 60 feet pel" mile, without any 
cutting. The pass is very broad, with perfectly smooth approaches on 
both sides. The Madison Valley here is terraced. From the head of 
the pass the level of the river can be reached in twelve miles, at which 
point the valley contracts by a grade not exceeding 75 feet per mile. 
The valley is narrow for three to four miles, with several spurs crossing 
it and extending to the river, but which can be avoided by keeping 
close to the river, which · involves some embankment. Below this the 
valley opens again, with a perfectly level -bottom, wbich extends to the 
bead of the Lower Canon, at })tfeadow Creek, and here the only difficul
tim.:; on this route will be met. The fall of the Madison from tlle foot of 
the })fiddle Canon to this point ayerages 23 feet per mile. The LO\Yer 
Canon is, from information which I have gathered from reliable sources, 
impassible for a railroad, nearly so, e\en, for men on foot. To pass 
around it, the road must cross the diYides between :Meadow and Hot 
Spring Creeks, and between Hot Spring and Cold Spring Creeks, neith
er of them higll, but, so far as I know them, inYolving grades too steep 
for a railroad to surmount, except at heavy expense in cutting, as is in
dicateu in the elevations and distances on this route given below. The 
stage-road crosses the divide between Meadow and Hot Spring Creeks, 
farther up from the mouth, by a better route, but I have no data con
cerning it. Still farther from the ri-ver the divide rises higher and more 
abruptly. 

Tbe elevation of Yellowstone Lake, as well as that of several other 
points, as determined by my observations this year, will be seen to differ 
materially from that given in the report of the survey for 1871. This 
J;lifference arises from the \1ant of a barometric base for the work of 
1871, the observations being referred directly to the sea-level. In the 
case of Yellowstone Lake, synchronous obser-vations were taken at But
ler's Ranch, but they were not used as base observations. :Making use 
of these, they give the same result that I obtain. 

For the computation of ele-vations, Guyot's tables bave been nsed. 
The elevations are given in feet above the leYel of the sea unless 

otherwise indicated. 
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Date. 

Juno 30 to .July 20 
2 .July 20 to .July 21 
3 .July 21 to .Tul,y 22 
4 .July 22 to .July 24 
5 .July 24 to .July 25 
G .July 25 to .July 26 
7 .July 26 to .Jul_y 2~) 
8 .July 20 to July 30 
0 .July 30 to Aug. 4 

10 Aug. 4 to Aug. 5 
11 Aug. 5 to Aug. 9 
12 Aug. 9 to Aug. 13 
13 Aug.13 to Aug.14 
14 Aug. 14 to Aug. 19 
15 Aug. 19 to Aug. 21 
16 Ang. 21 to Aug. 2~ 
17 Aug. 22 to Aug. 25 
18 Aug. 25 to Aug. 27 
19 Aug. 27 to Aug. 29 
20 Aug. 29 to Aug. 30 
21 Au~. 30 to Sept. 1 
22 Sept. 1 to Sept. 2 
23 Sept. 2 to Sept. 
24 Sept. 6 to Sept. 
23 Sept. 7 to Sept. 
26 Sept. 8 to Sept. 9 
27 Sept. 9 to Sept. 10 
28 Sept. 10 to Sept. 11 
29 Sept. 11 to Sept.. 14 
30 Sept. 14 to Sept. 15 
31 Sept.15 to Sept. 16 
32 Sept. 16 to Sept. 18 
33 Sept. 18 to Sept. 19 
34 Sept. 19 to Sept. 20 
:J5 Sept. 20 to Sept. 23 
36 Sept. 25 to Sept. 26 
37 Sept. 26 to Sept. 27 
38 Sept. 27 to Sept. 30 
30 Sept. 3() to Oct. 2 
40 Oct. 2 to Oct. 3 
41 Oct. ;j to Oct. 4 
42 Oct. 4 to Oct. 5 
43 Oct. 5 to Oct. 7 
44 Oct. 7 to Oct. 9 
45 Oct. 9 to Oct. 11 
46 Oct. 11 to Oct. 12 
47 Oct. 12 to Oct. 13 
48 Oct. 1:! to Oct. 15 

Camps of Yellowstone didsion. 

Location. 

On East Gallatin, one-quarter milo north of Fort Ellis ....... . 
Rock Creek, on road to Entler's Ranch ....................... . 
Eight-Mile Creek, on road to Butler's Ranch ................. . 
Butler's Ranch .............................. . ............... . 
Mouth of Calion Creek .. . .................................... . 
At "Devil's Slide" ......................................... .. 
Near White Mountain Hot Springs ......................... .. 
On Black tail Deer Creek ..................................... . 
On Mcadow Creek, near bridge .............................. .. 
On plateau above Grand Canon ............................ .. 
On Cascade Crock, near the falls ............................. . 

~~a~~ ~~~~~1~f Fl;~.rr~i~:::::: ::::::::::::::::::: :::::~~:: :: 
if0o~~~ ~ifJilib~:,~iC.re~k::: ::: ::~ ~~ :::~:: :::::::::::::::::::: 
On Madison Ri\er .......................................... .. 
At mouth of East Fork of Madison ......................... .. 
In middle of Second Calion of Madison ..................... .. 
At foot of Second Uaiion .................................... .. 
Madison River ............................................... . 
Mouth of India,u Creek ..................................... .. 
Madison River ............................................... . 
...... do ..................................................... .. 
Meadow Creek ............................................... . 
Cold Spring Creek ........................................... . 
Madison River ............................................... . 
~ear Three Forks of Missouri. .............................. . 
On '\Vest Gallatin, at Cockrel 's Bridge ...................... .. 
Near camp 1 . ................................................ . 
On Bozeman Creek, near its exit from hills .................. . 
On West Gallatin ........................................... . 
On West Gallatin, at foot of cafion .......................... .. 
On W est Gallatin, in middle of canon ........................ . 
On West Galbtin, at head of calion ......................... .. 
On \Vest Gallatin ............................................ . 
Near top of divide between Yellowstone ancl Gallatin Rivers . 
On: ·Rock Creek, near Yellowstone ............................ . 
Near Butler's Ranch ......................................... . 
On Trail Creek, at Pease's Ranch ........................... .. 
On Divide Creek ............................................. . 
On a bmuch of Bridger Creek........... . . .. . .. .. .......... .. 
At head of Southwest Brauub of Shield's River ............. . 
On Pass Creek, near Flathead Pass .......................... .. 
On Missouri, at Horseshoe Bend ............................. . 
On Gallatin River, near Gallatin ............................ .. 

~~E;~~G~h~t~.r-~ -~~·~~~ :: ~::::::: : :::::::::: ~ ~::::: :: :::: ~: 
Near Bozeman ............................................... . 

Heights of peaks and divides. 

799 

Miles. 
4, 935 
5, 639 8 
5, 282 18 
5, 086 9 
5,101 10 
5, 348 10 
G, 529 12 
6, 570 10 
6, 236 10 
8,162 15 
7, 979 5 
7, 712 10 
7,2!}7 19 
7, 252 5 
6, 811 8 
6, 605 13 
fl, 568 13 
6, 570 13 
6, 309 (i 
5, 7;)3 16 
5, 524 12 
5, 2L'1 10 
5, 027 2 
4, 932 14 
4, 789 16 
4, :!62 12 
4, 1:!2 13 
4, 512 18 
4, 947 17 
5, 243 6 
5, 317 13 
5, 241 5 
5, 589 8 
5, 926 9 
6,153 6 
8, R28 11 
5, 894 12 
4, 996 9 
4, 659 19 
4, 767 12 
5, 57~ 13 
5, 946 1C 
5, 715 18.5 
3, 969 20.5 
4, 049 7. 6 
4, 378 16.7 
4, 503 12 
:t, 842 7. 2 

Ele\ation. 
l\Iount Bechler, near Ogden, Utah ....................................... . 
l\Iount Putnam, near Fort Hall, Idaho ................................... . 
Bridger's Peak ...................... __ . _ ........................ _ .... __ . 
Mount Ellis .............•...•........................................... 
Electric Peak ................................................. _ ........ . 
1Iount \Vasbburn ...................................................... . 
1Ioun t Blackmore ........................•.... _ ..................... __ .. 
Liberty Peak ....................•.......... _ .......... __ ..... ____ .• __ •.• 
Mount Delano ............... ! • _ •••• _ ••••••••••••••••••••••••••••••• · •• _ •• 
Old Baldy, near Virginia City ...... __ ................ _ .................. . 
Ward's Peak ............................................................ . 
Peak in second calion of the Madison ...........................•......... 
Peak in second calion of the Madison ...........................•..... ..... 
Peak in second calion of the Madison, near Henry's Lake .......••••. ·----· 

*9, 716 
8,854 
9 002 
8:419 

10,992 
10,:388 
10.134 
9;162 

10,200 
9, 711 

10,371 
10,111 
10,329 
*9,466 



800 GEOLOGICAL SURVEY OF THE 'rERRITORIES. 

Heights of peaks and div,ides-Oontinued. 

Peak in second calion of the Yellowstone ...... ------ .................... . 
Divide between the Y cllowstone and Gallatin, on Bannock traiL .......... . 
Raynold's Pass ......................................................... . 
Red Rock Pass ............................. _ . -'· ........................ . 
Tyghee Pass ........................................................... . 
Flathead Pass .............................. - ........................... . 
Divide between Jefferson and Madison, on road from Virginia City to the 

Madif'on, at English George's Ranch ...... ------ ....................... . 
Union Pass, Bridger Range .............. _ ........ -........... _ ......... . 
Divide between Yellowstone and Gallatin Rivers, on road from Fort Ellis 

to Butler's Ranch ...........................•.. ____ ....... _ .. _ ... -----. 
Divide between the Yellowstone and Gallatin, on the road from Bozeman to 

tlle Crow agency .... ---- .... ·----- ................................... . 
Divide on Mount \¥ashburn, where the trail crosses .............. - ....... . 
Divide between Clark's Fork and the Rosebud .................. _ ........ . 
Divide between the Yellowstone and Madison, on the trail from the Mud 

Geysers to the Lower Geyser Basin .......... _ ......................... . 
Divide between the head of Bridger Creek and that of the west fork of 

Shield's River ............................. _ ....................... _. _. 
Yellowstone Lake ... _ .................. __ ..... _ ...................... _ .. 
Henry's Lake ......... _ .......... _ ............ __ ...... _ ..... ____ .... ___ . 
l\Iystie Lake ..................... _ ..................................... . 

* Measured by aneroid. 

Tirnber-line. 

Elevation. 
9,47t3 
9,317 
6,911 
7,271 
7,063 
6,769 

7,164 
*7,283 

*6,037 

*5,721 
*9,155 
*8,736 

*8,164 

*6,046 
7,788 
6,443 
6,468 

Latitude. Elevation. 

On Electric Peak ............................................ . 
On Mount Washburn .......................... ____ ........... . 
On mountains in Middle Calion of Madison ......... _ .... _ .... _. 
On WarcFs Peak------ ........ ---- ........................... . 
On Mount Blackmore ..................................... ___ _ 
On Mount Delano ... _ ........................................ . 
On Bridger's Peak ............................ _ ........... _ .. . 

''Measured by aneroid. 

44 58 
44 48 
45 0 
4!) 30 
45 26 
45 32 
45 47 

*9,442 
*9,900 
*9 36tl 
*9:156 
*9 550 
*8

1

784 
*9:002 

Elevation of White Mountain Hot Springs, from G,278 to 7,035 feet; 
boiling-point, 2000.9 to 1990.5, 

Elevation of Mud Ge;ysers, 7,756 to 7,800 feet; boiling-point, 1980.5. 
Elevation of springs at Urater Hills, 7,828 to 7,979 feet; boiling-point, 

1980,2. 
The Geyser Basins are very flat; the range of elevation in the area 

occupied by the springs and geysers not exceeding 100 feet in each 
basin. 

Elevation of the Lower Geyser Basin, 7,250 to 7,350 feet; boiling
point., 1990.3. 

Elevation of the Upper Geyser Basin, 7,300 to 7,400 feet; boiling
point, 1990. 

Sulphur springs on the divide between the Yellowstone and Gallatin, 
on the trail from the Mud Geysers to t!J.e Lower Geyser Basin, ele-vation, 
8,246 feet. Boiling-point at Yellowstone Lake, 19so.1. 
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List of elevations on Yellowstone River. 
-

Miles from 
mouth of Elevation. Shield's . River . 

At Yellowstone Lake ....•.............• _ ... _ ... 105.5 7,788 
At Mud Geysers ............ ·----- .•.•••........ 99.5 7,705 
At top of upper falls ................. _ . _ ....•.. 90.5 7,693 

Height of upper falls, 140 feet. 
Top oflower falls ................... _ •......... 90.0 7,485 

Height of lower falls, 397 feet. . 
Mouth of Tower Creek ....... ·---~------- ...•.• 77.0 6,207 
At bridge, mouth of East Pork ........... ........ 74.0 5,978 
.MGnth of Gardiner's River .......•.... _ ..... __ .. 54.0 5,360 
At "DevH's Slide" ..• _ •.......••..•.......•• __ . 48.0 5,160 
Mouth of Canon Creek ... __ ............... ____ . 38.0 5,058 
At Butler's Ranch. ___ ........ _ ... __ ........ ___ . 28.0 4,985 
At head of Lower Canon .. __ -- ....... ___ ........ 8.0 4,643 

Elevations- on the East Fork of the Yellowstone. 

Miles from Elevation. forks. 

Mouth of Slongh Creek ... ---· .............. . a .. ------ ·----- 5,986 
At forks of East Pork ................... .... a .. ----- ......... --. 6,286 

a .. 6 6,436 
a .. 8 6,536 
a .. 10 6,586 
a .. 12 6,746 
a .. 13 6,886 

Head of Middle Branch of East Pork ...... .. a .. ···--- ........ 7,586 

(a) Measured by aneroid. 

List of eleva-tions on the Marlison River. 

Miles from 
mouth. 

Extreme source, Madison Lake, (Mr. Hering's 170 
report.) 

In Upper Geyser Basin......................... 160 
Mouth of East Fork of Fire-Hole................ 148 
Mouth of Gibbon's Fork ........... .'............ 142 
At camp 16 .... .. ...... .... ...... ...... .... .... 129 
At month of East Fork of Madison...... . . . . . . . . 116 
In middle of second canon ....... __ .... ___ .. .. .. 103 
Three miles above camp 20 .... -... _ ... _ ..... _.. 81 
At mouth of. Indian Creek .... ··-·-· ...... -----· 66 
At camp 23, near English George's Ranch . • . • . . . 55 
At head of Lower Cal) on . . . .. . .. . .. .. .. . . . . .. .. 41 
At bridge .... ·----· .......... --·----------·---- 23 
At camp 26 ....•... --- .. -- ............. -.... --. 13 
At 1nouth .. _-- ... __ - ... --- .. -.... -- .... -- . . . . . . . . __ .... ___ . 

51 G S 

Elevation. 

8,301 

7,367 
7,237 
6,808 
6,604 
6,567 
6,348 
5,693 
5,494 
5,026 
4,848 
4,521 
4,356 
4,129 

Fall per 
mile. 

~Feet. 
.................. 

13.8 
1.3 

136.0 

67.8 
76.3 
30.9 
3:~. 3 
10.2 
7.3 

17.1 

Fall per 
mile. 

Feet. 
.. -......... --- .. 
.. --- -..... -- .. 

25 
50 
75 
80 

140 
·---------

Fall per 
mile. 

Feet. 
--·· ·----· 

93.4 
10.8 
71.5 
15.7 
2 .. Cl 

16.8 
29.8 
13.3 
42.5 
12.7 
18.2 
16.5 
17.5 
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List of elevations on the West Gallatin Rit·er. 

Miles from I El t' Fall per 
mouth. eva wn. mile. 

At forks of West Gallatin, near head, latitude 45° ... . 
At camp 3(), in latitude 45° 15' ..................... . 
At camp 33 .................................•...... 
At calli p 32 -- - - -- - - - - - . - - - - - - - - - - - - -- - - - - -- - ... - - .. 
At bridge ..................................•••..... 
1fouth .....•...................................... 

93 
67 
52 
44 
20 

Jlfiscellctneeus elevations on streams. 

11,8;23 
6,149 
5 '58li 
5:215 
4,493 
4,098 

East Gallatin, at Fort Ellis .............................................. . 
Bridger Creek, near head, (eamp 41) ...................... ~--- ------ .....• 
Bridger Creek, in Bridger Canon ........................................ . 
Pass Creek, at foot of Flathead Pass, ( ca,mp 43) .......................... . 
Cotton wood Creek, where it isl"3nes from tbe mountains ................... . 
Bozeman Creek, where it issues from the mountains .................•..... 
Middle Creek, near head ................................................ . 
West brancb of Shield's River, at head ................................... . 
Head of Clark's Fork of the Yellowstone ................................. . 
Head of Slough Creek ................................................ ~ .. 
Slough Creek, fifteen miles below mouth of Buffalo Creek ................. . 
Slough Creek, four miles more ........................................... . 
blongb Creek, mouth .................................................. . 
Cascade Creek, at camp 11. ...................................... _ ...... . 
Heigbt of Lower Falls, (feet) .................. _ ........................ . 
Height of Crystal Palls, on Cascade Creek, (feet) .... _ ................. _ .. . 

* Measured by aneroid. 

Feot. 

42. 1 
37.5 
46.4 
21.8 
19.8 

Elevation. 
4,934 
5,566 

*5,080 
5, 713 
5 433 
f< 247 
6,8:31 
5 946 

·e'236 
*7,936 
*6: :~86 
*6 336 
*5,986 
"7:909 

1:32 
12[) 

On routes fm· roads from the settlements to points of interest in the Yellow
stone National Parle. 

The only routes in use at present are the Yellowstone and Madi~":on 
routes, neither of wiJich is at present practicable for wagons. The for
mer, starting from Bozeman, crosses the Yellowstone near Butler's 
Ranch, thenc.e follows the river as closely as may be. By this route a 
wagon-road already extends to the mouth of Canon Creek, which in the 
latter part of July was 1.8 inches deep and 60 feet wide. 

In the second calion, the mountains which form the west wall come 
down to the water's edge, very steep and rugged, and the passage of it 
with a wagon-road will involve considerable outlay in bhl.sting and em
bankment. Tbe east side is comparatively easy of passage, but this 
would iuvolve throwing two bridges across the river, whicll is here, at 
the lowest stage of the water, 500 feet in width. This canon is about 
eight miles in length, three-fourths of which, however, present no great 
obstacle to a road. Above this canon the valley is level and open, with 
no timber as far as the foot of the third calion, at the mouth of Gardi
uer's River. From this point to the Hot Springs, on Gardiner's River, a 
flistance of about seyen miles, a road can easily be made, though it 
must cross two high spurs from Sepulchre l\iotmtain. 
· The trail up the Yellowstone crosses Gardiner's River by a bridge, then 
ascends the plateau above the third canon. This ascent is very steep, 
and a wagon-road will require much grading. On the top the plateau is 
quite level, without timber. The trail keeps the top of the plateau as 
far as Cache Valley, near the mouth of East Fork, to which it descends 
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by easy grades. Thence it 'follows the river quite closely to Tower 
Creek, which it crosses just above the falls. The descent to the creek 
is extremely steep, and some better point of crossing must be dis
covered. The creek is in a canon most of its length, and in the begin
ning of August was about 18 inches deep and 50 feet in width. 

From the mouth of Tower Creek, southward for.15 miles, the Yellow
stone is in the Grand Oa.non~ the numerous imp~ssible cross-canons of 
which require that the trail keep back at a cousiderable distance from 
the river, passing round to nbe west of the summit of ].\fount Wash
burn, whieh is the culminating point of the plateau of the Grand 
Canon. The grade is easy and ~mooth up a spur from the mountain, 
reaching at its highest point nearly to the timber-line on the north side. 
Passing round to the west side of the spur, the trail becomes very diffi
cult from fallen timber, rock-slides, and steep side-bills. 

From the top of the divide to the falls on the plateau no difficulties 
are met, except steep grades at firs,t, and some timber. 

The crossing of Cascade Creek~ near the falls, involves, by the trail 
which we followed, crossing a deep, narrow canon, difficult even for 
pack-animals. I have no doubt that a better crossing mm be found two 
or three miles farther up the creek. Between this point and Crater 
Hills are two sloughs, which extend several miles back from the river. 
At the time when we were there they were about -two feet deep, but 
this was at the lowest stage of the water. From there to Yellowstone 
Lake there is no difficulty whatever, except from live timber . 
. We crossed to the geyser basins from the mud geysers. For nine 

miles the trail led through an open country, nearly level. Thence to 
the top of the divide we met with a tolerably heavy growth of timber. 
On the west side of the divide the live timber is very dense, while the 
ground is thickly covered with fallen timber, m~king our passage with 
the train very difficult. This condition of things extends for four or 
five miles, when the trail enters the open valley of the east fork of the 
Fire-Hole Hiver. This valley, as far as the month of the east fork, is 
quite marshy in some places, but little difficulty will be found in locat
ing a hard road. 

Tlw route up the Madison is, through the greater part of the distance, 
much easier. Wagon-roads, on both sides of the Madison, already exist 
from Virginia. City to the foot of the Middle Canon, within fifty-five 
miles of the Lower Geyser Basin. These roads then leave the Madison, 
and cross, by Reynold's Pass, to Sawtelle's Ranch, at Henry's Lake. 
The trail through the Middle Canon, and thence to the geyser basins, 
follows the east side of the river. Wagons have been through thjs 
canon, and a slight outlay would suffice to build a good road through 
it. At the head of this canon it will be necessary to bridge the east 
fork of the Madison, which, in the latter part of August, was a slug
gish, winding stream about 200 feet wide and 22- feet deep. 

~.,rom the Middle to the Upper Canon the valley is broad, flat, and 
sparsely timbered. 

The Upper Canon, in about fifteen miles, presents the only difficulties 
which are found on this route. The canon-walls are extremely steep, 
in some places precipitous, and, much of the way, come close to the 
water's edge, not unfrequently requiring wading in the river. Gibbon's 
Fo.rk, which enters the Madison in the midc:lle of the canon, must be 
bridged. This stream is 100 feet wide and 22- feet deep. ·From this 
creek up to the month of the East Fork of the Fire Hole River the trail 
is obliged to keep back from the river. It is very rough, and badly 
obstructed by live and dead timber. 
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To build a road through this canon, on this side of the river, will be 
expensive. The other side, here the south side, of the river appears 
much easier, and, if the ~'Liddle Canon can be passed on that side of the 
river, a route on that side, throughout the whole distance, is to be re
commended. The road should then cross the Madison to the uorth 
side, in the Upper Canon, two or three miles below the mouth of Gib
bon's Fork. There remains on this route the upper part of the canon 
to be passed, which, as stated above, presents some difficulties. 

LISTS OF ELEVATIONS AND DISTANCES ON ROUTES TO THE YELLOW
STONE NATIONAL PARK. 

Route from Bozeman to Yellowstone Lake, by rway of Yellowstone Rivm·. 

Miles. Elevation. 

Bozeman .• __ •......... _ . _ ......... _ ... - - ............ -•... - . . . . .. -•..... 4,900 

4,935 
5,675 
5,500 
5,820 

Nearly level, with smooth grades to-
Fort Ellis ............................................... . 
Divide crossing to Spring Creek, (steep hill on each side) .. . 
Spring Creek ...................................•......... 

Steep descent, then uniform slope up to-
Camp 2, on Spring Creek, near head ...•................... 
Divide between Spring and 1'rail Creeks, between Gallatin 

and Yellowstone ................•...............•........ 
UHiform slope to-

Trail Creek, at crossing ........... _ ....•••....•........... 
Long rolling hills to-

Divide between Trail and Eight-Mile Creeks ....•••.....•.. 
Smooth to-

Camp 3, on Eight-Mile Creek, near Yellowstone ...•........ 
Ca.mp 4, at Butler's Ranch, on Yellowstone .......•••......•. 

Iu level river bottom to-

Camp 5, at mouth of Calion Creek .....•..••.•••...••.. ---
Second Canon of the Yellowstone River: 

Smooth to-

Uniform slope to-
Head of Second Calion .•.•......•..••••••••••••••.•... 

Camp 6, near Devil's Slide ......................•............. 
Grade nearly uniform in river bottom to ...........•........... 
Bridge over Gardner's River, near its mouth ....•......•...•.... 
Level to .................... - ........•.. -........ -. - -.. --. -.. . 
Very heavy grades to _ ............•...........•............... 
Level to ... _ ......•.••........•••.......••... -- ......•. --- ... -

Grade nearly uniform to-
Camp 8, on Black-Tail Deer Creek ...............•......... 

Grade very irregular, on rolling plateau, to. . . . • • . ..•.......... 
Grade somewhat irregular to-

Camp 9, in Cache Valley, near mouth of East :E'ork ........ . 
Nearly uniform grade to .......................••.............. 

3.3 
6.7 
7.3 
8.0 

12.:3 

15.7 

22.5 

28.5 

30.2 
39.2 
44.8 
45. 1 
45.3 

49.8 

5,639 

6,037 

5,300 

5,500 

5,282 
5,086 
5,040 
5,220 
5,050 

5,201 

51.8 5,160 
52.1 5,340 
52.7 5,140 
54.7 5,200 
55.3 5, 450 

57.9 
!19.2 
59.3 
59.9 
64.6 
67.9 
68.7 
70.4 
71.0 
71.2 
71.9 

74.2 
76.2 
81.7 

84.0 
86.6 
87.5 

5,200 
5,350 
5,280 
5,348 
5,600 
5,360 
5,360 
6,500 
6,500 
6,900 
6,8tl0 

6,570 
6,870 
7;600 

6,236 
6,400 
6,740 
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Route from Bozeman to Yellowstone Lake, d'ic.-Uontin ued. 

Miles. Elevation. 

I 

Crossing of Tower Creek .........••.........•.•............... 
Level to ..................................................... . 
Smooth slope to ......................•.•..................... 

Grade nearly uniform to-
Divide on spur frow Mount Washburn ............... ------

Camp 10 ...............•.....••..•••.....•.....•...• ······.--·· 
Grade tolerably uniform to-

Camp 11, on Cascade Creek, near the falls ...•.....••....•.. 

Crossing of Cascade Creek.... . . . • • ..•.....•• , ....•........... 
Grade nearly uniform to ...••.. _ ..•......•••••........•..••... _ 

Grade nearly uniform to ................... _ ................. . 
Camp 12, at Mud Geysers .................................... . 
Grade tolerably uniform to-

yellowstone Lake, at head of river ...... ~ ................ . 

87.6 
87.9 
89.2 
90.2 

94.~ 
~15. 2 
95.3 

101.2 

106.7 
107.6 
107.8 
109.4 
109.7 
110.3 
110.9 
112.9 
113.4 
113.7 
116.7 

123.9 

6,500 
6 520 
7:280 
7,200 

8,800 
8,600 
8,700 
8,162 

7,979 
7,9:.!0 
7,600 
7,700 
7,940 
7,9ZO 
7,580 
7.620 
7,900 
7,750 
7, 712 

7,800 

Route from Gctllatin City to the Geyser Basins, thence across to the lJiud 
Geysers, on the Yellowstone. 

Miles. 

Gallatin City, (Three Forks of the Missouri) ...........••.................. 
Grade perfectly uniform in Madison River bottom to-

Camp 26, on Madison ...................... __ .............. _. 16. 5 
Grade perfectly uniform in river bottom to ........•..... _.. . . . . . . 20. 4 
Grade somewhat irregular to- , 

Camp 25, on Cold Spring Creek . .. . . . . . . . . .. . . . . . . . • • . . . . . . . • . . 27. 7 
Grade tolerably uniform to-

Divide between Cold Spring and Hot Spring Creeks............ 29.8 

Grade smooth to ................ _ .•........... _ .....•.. __ .....•.. 
GnHle toleralJly smooth to-

Divide between Hot Spring and Meadow Creeks ..............•. 

Camp 24, on Meadow Creek .............. _ ...........•.....•.•.... 
Grade perfectly smooth to-

Camp 22, opposite Virginia City, on :Madison ....••....••..••••. 
Grade uniform to-

Camp21, at mouth of Indian Creek ...•.....•.....•............ 
Grade uniforn1 to ................................................ . 

Grade tolerably uniform to-
Camp 20, on Madison ............ _ ................ _ .. _ ..... _ .. 

Grade good to .....•........................ ··--·· ............... . 

Tolerably uniform grade to ... _ ....... _ ............•........... _ .. 
Grade perfectly uniform to-

Camp 19, at foot of Middle Cafion, near Madison Pass ........ _. _ 
Grade rather irregular to-

Camp 18, in middle of canon .. g ••••••••••••••••••••••••••••••• 

36.1 

37.8 
38.6 
39.3 
42.5 

61.3 

71.3 
80.5 
80.6 

82.9 
88.0 
88.5 
88.9 . 

93.91 
98.2 

104.9 ., 

Eleva
tion. 

4,132 

4,360 
4,800 

4,769 

5,400 

5,050 

5,640 
5,52() 
4,980 
4,932 

5,214 

5,524 
5,700 
5,900 

5, 7[):~ 
1),300 
6,200 
G,GOO 
6,100 

6,309 

6,5i0 
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Route from Gallatin City to the Geyser Basins, &c.-Continued. 

Grade irregular to .. ___ . ___ ...................................... . 
Grade perfectly uniform to-

Camp 17, at head of l\Iiddle Calion ............................. . 
Grade perfectly u oiform to-

Camp 1G, on Madison ......................................... . 
Grade nenrly uniform to-

Foot of Upper Calion ....................................... .. 
Grade perfectly uniform to-

Camp 15, at mouth of Gibbon's Fork ........................ .. 

Very irregular grade to-
Head of Upper Calion ....................................... .. 

Grade perfectly uniform to-
Camp 14, in Lower Geyser Basin ............................ .. 

Grade perfectly uniform to-
Camp 13, on East Fork of Fire-Hole River ............... _ .... _ 

Divide between Madison and Yellowstone ..............•..... __ 

Grade irregular to ............................................... .. 

Grade irregular to-
Camp 12, at Mud Geysers, OJ.l Yellowstone River ............ __ .. 

Miles. 

100.4 

119.6 

132.4 

136.4 

145.1 
146.0 

148.7 

152.8 

157.7 
161.0 
163.1 
165.8 
166.2 
170.0 
170.6 
171.0 
172.0 

175.3 

Eleva
tion. 

6,520 

6,568 

6,605 

6,790 

6,811 
7,200 

7,240 

7,252 

7,297 
7,400 
8,240 
R,240 
7,950 
7,910 
7,740 
7,980 
7,700 

7, 712 

The ordinary meteorological observations were made hourly in camp. 
They will be found printed in full in the bulletin of meteorological obser
vations. I will make a short resume of them. They were made at 
various altitudes abo\.~e the sea-le~el, from 4,000 to 8,000 feet. 

At Fort Ellis, elevation 4,935 feet, the mean temperature during the 
first three weeks of July was 670.61, maximum, 990,7; minimum, 330.0; 
lowest relative humidity .21. 

On the 1st of July, there occurred a heavy snow storm, in which about 
four inche~ of snow fell, which melted on the following day. 

On the 17th, there was a smart shower of hail. The minimum temper
atui'e, at night, at an altitude abov-e 5,000 feet, was rarely above 320. 
'rile lowest temperature experienced during the trip was in the camp at 
the mouth of Gibbon's Fork, elevation 6,811 feet, 120, in the latter 
part of August. At the head of the'' West Gallatin River, elevation 
6,149 feet, the minimum thermometer indicated 14o., 17o., 17o., on 
three several nights in the latter part of September. Maximum temper
atures, during the day, ranged from 65° to 93°, indicating a great range 
of temperature during tile day. 

The range of relative humidity is also very great, reaching, near the 
middle of the day, as low as .30, and on several occasions even lower. 
The lowest relative humidity recorded during the trip was .22. Most of 
the rain which we experienced during the season was in the form of 
showers, whieh were of tolerably frequent occurrence, but very few long 
storms occurring during the season. ' 

A storm of rain and ltail of two days' duration was experienced at 
Yellowstone Falls, near the end of July. A heavy snow storm, in which 
four inches of snow fell, occurred at the head of the West Gallatin, near 
the end of September. 
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In common with two other memllers of the party, I had rather a sin
gular experience. We were ascending a mountain near the Gardiner's 
Hiver Springs, called on the map Electric Peak. I quote from my notes 
written on the following day: A thunder-shower was approaching as 
we neared the summit of the mountain. I was above the others of the 
party, and when about 50 feet below the summit the electric current 
began to pass through my llody. At first I felt nothing, but heard a 
crackling noise, similar to a rapid discharge of sparks from a friction 
machine. Immediately after, I began·- to feel a tingling or pricking 
sensation in my head and the ends of my fingers, which, as well as the 
noise, increased rapidly, until, when I reached the top, the noise, which 
had not changed it.s character, was deafening, and my hair stood com
pletely ~n end, while the tingling, pricking sensation was absolutely 
painful. Taking off my hat ]Jartially relieved it. I started down again, 
and met the others 25 or 30 feet below the summit. They were affected 
similarly, but in a less degree. One of them attempted to go to the top, 
but had proceeded but a few feet when he received quite a severe shock, 
which felled ·him as if he had stumbled. We then returned down the 
mountain about 300 feet, and to this point we still heard and felt the 
electricity. 

I 'have received returns of meteorological records kept at Bozeman, 
:Montana, by Mr. Peter Koch, a thoroughly reliable observer. These 
records are published in full in our annual bulletin of meteorological 
observations for 1872. From these I deduce the following results : 

i-. !:i'<:l '+-< 
<:D -~ <:D 0 o:S..-A a s ........ '" . S<li ~s <:D"' 

Date. <:Dh ::l ::l .0~ ...-::~ s ~-o ~ §~ s s.s •;< 'i:i .0!:!>1 ::::::"' <:D C\:! 

~ 
~C\:!rn 

~ ~ H iz'i 
--------

187~. 
Xovember ...................................................... 24.00 49.8 -1e.s 0.11 a 
December....................................................... 19.61 48.3 -30. 0 1. 43 6 

1873. 
J:mnary. .... .. . . .. .. . .. . . . . .. . . . . ... . . . ... . . ... . . . . . . . . . .... . . . . 23.49 48. 1 -26.0 0. 38 7 
February . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19. 30 45. 1 -19. 0 1. 57 5 

Mr. Koch records, on the lOth of December, "two distinct shocks of 
earthquake, at 4.30 p.m., and on the 11th one shock, at 6.30 a.m. All 
the shocks were from west to east. They were more violent at Helena 
and Deer Lodge than here." 





NOTES ON THE OLI~IATE OF MONTANA. 

BY Mn. G;RA~'VILLE STUA~T, of Dee1· Lodge, Montana Territo1·y. 

The winter of 1857-'58 was very mild. Snow did not lie longer than 
a few days in any of the principal valleys. The cold was not intense, 
except for a few days in December and January. Cattle and horses in 
the open air, and without any food or shelter except such as they got 
on the prairie, gained steadily in flesh all the winter, and came out fat 
in the spring. 

The winters of 1858-:59 and 1859-'60 were very similar, averaging, 
probably, a little colder, and with a little more snow, but quite pleas
ant in the main. 

The wiuter of 1860-'61 showed a gradual increase of cold and snow 
over former years, but still stock did well; and the winter would not 
have beeu called a bad one in Iowa or Illinois. 

The winter of 18G1-'62 was. one of great and unusual severity, snow 
falling to a depth of from six inches to two feet, varying in different 
Yalleys and in differ-ent parts of the same valley. I have observed that 
the fall of snow is very capricious and irregular; for instance, the de
posit of snow in a given locality may be quite small during a bad winter, 
while in the following one, even though much milder, the snow-fall at 
that point will be double or treble as much, while other points, which 
had deep snow during the first, will be comparatively free from it dur
ing the second winter. This is especially noticeable in the higher val
leys and in the passes leading from one to another. 

The winter of 1862-'63 was quite as mild as that of 1857-'58, and 
throughout the country, as far as Salt Lake, it was even milder, for 
wagons drawn by both horses and oxen mad,e two trips, in mid-winter, 
from Bannock City to Salt Lake City and back, with heavy loads, and 
without being incommoded by snow or severe cold. They crossed the 
main range of the Rocky Mountains (by the Medicine Lodge Pass) and 
the Porte N euf Mountains twice on each trip, and without any other 
food for their animals than bunch-grass. This is, however, a feat that 
has not been accomplished since, many parties having lost large num
bers of cattle and mules in tryiug to ·make one trip in each of the three 
succeeding winters. The lowest temperature in Deer Lodge during this 
winter was 12o, which was during a snow-storm, on the 23d or 24th of 
October. 

The winter of 1863-'64 was but little inferior to the preceding one, 
snow lying but a few days at a time in the valleys, although it was 
quite deep on· the mountains, and the weather averaged somewhat 
colder. A severe storm of wind and driving snow occurred on January 
7, iu which the temperature fell to -33°, but the cold snap lasted only 
about a week. 

The winter of 1864-'65 showed an increased degree of cold and snow 
again. The temperature fell to -34° on one occasion, while during De
cember and January the cold was severe; but the snow was not de~p 
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until :March, during which month more fell than in all the rest of the 
·winter, aml the minimum temperature was -27°. Stock diu well enough 
without any feed during this winter. 

The latter half of the winter of 1865-'66 was quite severe, snow lying 
in the Yalleys, while the lowest temperature was -34°. No stock died, 
however, although none were fed. 

The winter of 1866-'67 was very rnilu until the 24th of December, 
with no snow, but from this time until April it was the worst winter 
ever known in the Territory. Snow fell to a considerable depth in all 
the valleys, and was accompanied by a very long spell of continued 
cold, varying -100 to -320. The month of .l\larch, in particular, was 
absolutely terrific, on twenty-eight out of thirty-one mornings the tem
perature being below zero, being, I believe, without precedent in ally 
other country. Yet, strange and almost incredible as it may appear, 
scarcely any cattle died, although few of them had any feed or any 
shelter otber than the willows along the streams. No horses died, 
although they, too, bad to subsist on the range all winter. 

The winter of 1867-'68 was comparatively mild, with but little snow; 
coldest day, -30°; no suffering among stock; grass abundant and not 
covered by snow; no sleighing in Deer Lodge at any time during the 
winter; valley dry and dusty; the same being the case in nearly all 
parts of the Territory. 

The winter of 1868-'69, as those of 1857-'58 and 1862-'63, was very 
mild, being almost no winter at all, when the latitude and altitude are 
taken into consideration. No snow of any consequence. 

The winter of 1869-'70 was quite mild, with little snow in the valleys, 
and little hay was used. 

The wintt;r of 1870-'71 was also open and pleasant. Stock kept in 
g >Od eolldition on the range. 

The wiuter of 1871-'72 was a very severe one, commencing with a 
terrific storm of wind and snow on the 23d of November. The greatest 
depth of snow in Deer Lodge at any time was .12 inches. The depth, 
l1owever, on the mountains was very great. The loss in cattle could not, 
howe\'er, have exceeded 2 per cent. of ·the number in the Territory, for 
a large part of the hay-crops of the three previous years was on hand. 
Hence there was but little suffering among· stock, except in a few local
itirs and amoug herds of Texas cattle driven in during the fall, wl.Jicb, 
being thin in flesh and not accustomed to snow and cold weather, suf
fered severely. 

By using a little care and foresight in preserving the hay and straw 
that can be accumulated with but little labor and expense during the 
mild winters, all danger of loss of stock during severe seasons will be 
avoided. · 

It seems that our hard winters come exactly five years apart; for 
instance, those of 1861-'62, 1867-'68, and 1871-'72 were all severe, while 
the intermediate ones were all very mild. 

Tbe snow-fall at Deer Lodge (latitude about 4GO 27'; altitude above 
sea, 4,768 feet) for the last five years bas been as follows: 

In the winter of 1867-'68, 20! inches, in seventeen storms, not including 
what melted as it fell. Greatest depth at any one time, 2~ inches. In 
the winter of 1868-'69, 16i inches, in fourteen storms. Greatest depth, 
2 inches. In the winter of 1869-'70, 2913<f~ inches, in twenty-six storms. 
Greatest depth at any time, 4 inches, and that for a few days only. In 
the winter of 1870-'71, 45-i-!o inches, in forty-seven storms. Greatest 
depth at any time, 3 inches. In the winter of 1~71-'72, 86j)f0 inches, in 
forty-eigllt storms. Greatest depth at any time, 12 inches. 
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0 
The mean temperatnre at Helena, J\Iontana, for 1866, was. . . . . . . 44.5 
The mean temperature at Deer Lotlge, ]\fontana, for 1868 . . . . . . . 40.5 
The mean temperature at Deer Lodge, 1\Ioutana, for 1869 . . . . . . . 4'J.9 
The mean temperature at Deer Lodge, Montana, for 1870 . . . . . . . 42.1 
The mean temperature at Deer Lodge, :Montana, for 1871 . . . . . . . 42.5 
The mean temperature at Helena, 1\Iontana, for January, 1867... 17.9 
The mean temperature at Helena, 1\fontana, for February, 1867.. 18.0 
The mean temperature at Helena, 1\Iontana, for 1\Iarch, _._867. . . . . 5.9 
The mean temperature at Helena, l\Iontana, for April, 1867. . . . . . 44.8 
The wean temperature at Deer Lodge, Montana, for November, 1867 30.5 
The mean temperature at Helena, Montana, for December, 1867.. 25.2 
The fall of rain and melted snow at Helena, in 1866, inches. . . . . . 22.96 
The fall of rain and melted snow at Deer Lodge, in 1870, inches. . 16.50 
The fall of rain and melted snow at Deer Lodge, in 1871, inches. . 15.7 4 

The average fall of rain and melted snow at Deer Lodge for four 
years, 19.11 inches. 

A series of observations shows that Missoula County, 1\-Iontana, (alti
tude 3,300 feet,) enjoys an average temperature of 5°.5 higher than Deer 
Lodge, and, judging by farm products, this is about the annual mean of 
the large valleys of Sun River, Missouri, Gallatin, Jefferson, Madison, 
Stinking W<:tter, and Beaverhead. It thus appears that by far the greater 
part of the Territory has an annual mean temperature of about 480, 

RESUME OF METEOnOLOGIOAL OBSEHV ATIONS TAKEN AT 
FOHT ELLIS, MONTANA, BY THE UNITBD STATES MBDI
CAL DBP ART.l\IENT. 

Mean daily ancl mininwn1- temperatnres dm·ing th(} winter of 1871-'72. 

.:. .:. ~ i 
'""' cD cD cD 

I 

cD 
p.. 

s p.. s p.. s p.. s 8<.5 ;::1 • Scrl 845 
Date. <.1'-< ;:l Date. 8~ ;:l Date. c.>'-< ;:l Date. $~ ;:l -o +>0 -+->d 

§~ .§ ~~ s §~ 9 

I ~~ s 
.8 c:: ·s ':;1 ·s 

~ 
cD 

~ ~ ~ 
cD 

~ ~ ~ ~ 
-- --- - - -- -----

~I 
-------

1871. 0 0 1871. 0 0 1872. c 1872. 0 0 

Nov. 1 37 . ..... Dec. :3 9 -19 .Jan. 3 23 Feb. 4 -38 -53 
2 40 ------ 4 31 15 4 18 6 5 -27 -51 
~ 40 ---- · 5 46 32 5 10 -12 6 12 -30 
4 37 ------ 6 3:3 25 6 5 -11 7 25 10 
5 31 ·----- 7 36 10 7 31 0 8 23 0 
6 30 -----· 8 2·1 10 !; 28 9 9 19 10 
7 24 ------ 9 24 10 9 34 21 10 15 2 
8 33 ------ 10 2! 5 10 30 12 11 23 5 
!) 37 ------ 11 21 7 11 25 15 12 5 -1 

10 37 ------ 12 23 15 12 18 7 13 14 -25 
11 34 ------ 13 27 18 13 33 12 14 19 10 
12 25 ......... 14 31 10 14 22 0 15 27 15 
13 35 ·----- 15 26 5 15 13 -10 16 22 12 
14 35 ------ 16 25 -15 16 19 0 17 33 10 
15 35 ------ 17 -14 -23 17 HI -6 18 33 21 
16 29 ·----- 18 -22 -26 18 15 1 19 23 6 
17 16 ------ 19 -2 -16 19 13 -13 20 26 3 
18 25 ........ 20 8 -5 20 9 -12 21 3a 6 
19 31 ------ 21 3 =~~ I 21 6 -31 2~ 32 4 
20 31 ------ 22 -9 22 4 -17 23 12 0 
21 38 ·----- 23 -24 -30 2J 15 -42 24 22 0 
22 ::l2 -26 24 -30 -45 2'1 -41.66 -53 25 32 10 
23 50 -21 23 -18 -40 25 -17 26 21 10 
24 17 -2~ 26 -32 -42 26 2 -10 27 18 0 
25 -9 -33 27 -16 -33 27 1" -42 28 17 ' -13 
26 -16 -30 28 33 0 28 -4 -20 29 23 -8 
27 -11 -24 29 36 6 29 tl -32 Marchi 20 8 
28 7 -5 30 33 -10 30 3 -14 2 26 4 
29 11 -4 31 29 -15 31 10 -10 3 29 6 
:-JO 13 -2 1872. Feb. 1 9 -10 ' 4 27 15 

Dec 1 27 6 .Jan. 1 29 10 2 19 -11 , 5 31 15 
2 19 -26 2 21 2 3 4 -21 I 6 25 14 
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Mean daily and minirnunt tentperatut·es, <J·c.-Continued. 

.:. ~ ~ ~ 
C) C) C) 

P< s P< s P< s P< s s.v So s.v 8<15 
Date. Q)H ::::! Date. $El ::::! Date. <!) ... ::::! Date. <!)I; p 

~::::! 
.§ :~ 

~p 

.§ 
~p s §1e §1e §"'<a §1e 

~ C) .E! C) C) ~ C) 

~ ~ ~ ~ ~ ~ 
--------- --------- -----------

1872. 0 0 1872. 0 0 1872. 0 0 1872. 0 0 

Mar. 7 27 10 Mar. 14 11 -4 Mar. 21 21 3 Mar. 28 20 8 
8 25 0 15 5 -6 22 16 0 29 28 15 
9 16 0 16 8 -6 23 15 -10 30 34 12 

10 18 3 17 13 -3 24 2 -20 31 32 14 
11 19 0 18 21 0 25 16 0 
12 15 2 19 19 4 26 21 8 
13 2 ------ 20 15 0 27 27 4 

'<:l ~ 1;)..0 ~..0 
'H 

$ 0 • 

~ ~ p,C> p,<D ctl.s 
A s'E s'E p-,0:: 

,.ci s .· 8 . a:>O a:>O <>! ... 

·Months. ;2 ..,~ Months. <!.>~ ~'-' ~'-' 'OH 

~ l=lo ~E +>C) C) 0 
1:::1 ctlH ~ ... 
.0 .0 o::;;l 

~ "'a:> ~~ 'S5 ..., 
-~ 

.o-.. p., 0:: OJ)p 
~;;J ... '-' C) 

iii~ 
0~ 

A ~ ~ ~ HQ 
--

1869. 0 0 Inches. 1871. 0 0 0 

January ............. 22.52 21.56 1.15 January ............ 29.85 !:>5. 0 -13 8 snow. 
February ............ 2tl.15 26.0 1. 25 February ........... 23.96 48.0 -2~ 5 snow. 
March ............... 30.71 28.45 2. 90 March .............. 33.51 67 14 10 snow. 
April ................ 41.33 :~6. 33 3.13 April ............... 36.55 70 15 15 snow, 2 rain. 
May ................. 59. 7!! 48.04 5. 90 May ................ 42.27 85 30 2 rain. 
June ................ 64.21 55.32 2. 65 June ................ 59.30 95 37 6 rain. 
July ...... 72.66 59.70 0. 85 July ............... . 64.66 95 49 3 rain. 
August .............. 68. 8~ 56.07 0 August ........... -. 63.04 83 37 3 rain. 
September .......... 56.48 48.25 . 54 September .......... 57.0 8~ 3.) 
October ............. 43. 5~ 38.91 . 40 October ............ 45.58 68 8 3 snow . 
November ........... 36.83 33.91 .13 November .......... 25.76 55 *-33 12 snow. 
December ........... 27.27 24.78 . 63 December .......... 10.77 45 -45 7 snow. 

1870. 1872. 
January ............. 23.59 21.69 . 06 January ............ 14.33 45 -53 7 snow. 

it:~~~~~~~:::::~:::~~: :n.64 29.47 .11 Februa1·y ........... 20.21 54 -53 5 snow, 1 rain. 
27.01 24.69 . 20 March .............. 29.21 50 -20 12 snow. 

April. ............... 45.84 41.70 . 54 April ............... 35.12 64 - 1 15 snow. 
May ................. 56.83 50.59 .18 May ................ 51.81 75 25 6 rain. 
June ................ 66.62 59.35 .15 June ................ ......... ... 80 30 2 rain, 1 snow. 
July ................ 69.44 60.56 0 
August .............. 58.35 53.93 ............. 
September .......... 56.17 48.72 -------
October ............. 42.68 38.74 -------
November ........... 36.99 34.34 -------
December . .......... 20.78 20.29 .......... 

*Minimum. 
Summary of wind from July, 1871, to June, 1872. 

[Observations on the wind are taken at 7 a. m., 2 and 9 p. m. ; tho force is estimated on a scale of 4; 
the force for the month is the sum of the forces at time of observation.] 

N. N.E. E. S.E. s. s.w. w. IN.W. 

Month. ---------
<15 ~ eli 
'-' 0 

0 ... . ... . ... 

~ 
0 0 0 0 

~ ~ ~ ~ ~ 

1871. 
.Tuly ........................... 1 1 1 1 17 20 

te~~~~b~~ :: ~:::::::::: ~::::::: 2 3 1 2 6 10 
0 0 1 2 28 47 

October ........................ 0 0 1 1 19 20 
November ..................... 3 4 2 5 12 14 
December ...................... 0 0 0 0 27 46 

1872. 
January ....................... 0 0 0 0 9 9 

i{~~~a~~-: :::::::::: ~ ~:::: ::::: 0 0 0 0 25 29 
0 0 0 0 24 24 

April .......................... 0 0 0 0 12 12 
Yay ........................... 0 0 0 0 18 21 
June ........................... 0 0 0 0 38 53 

------

-~-
a) 6 
'-' '-' 0 . ... o a . ... 

0 0 0 0 
;z; R ~ R ~~ 

12 13 J 2 10 12 
3 5 1 1 10 15 
7 7 3 3 12 13 
5 6 11 13 5 5 
4 7 2 2 6 9 
8 8 2 2 8 10 

1 1 1 1 24 24 
2 2 0 0 2 6 

12 12 2 2 5 5 
9 9 3 6 30 30 
3 3 0 0 13 1il 
1 1 0 0 6 6 

-;-I . ... . 
0 0 0 
~ ~ ~ 
-----

I 
41 47 7 
40 47 7 
34 54 6 
41 48 7 
53 55 6 
38 43 2 

49 49 6 
58 t:\7 0 
il9 39 10 
33 35 0 
51 54 6 
38 43 7 

I 

6 
'-' ... 
0 
~ 

1 

8 
9 
8 
8 
5 
2 

7 
0 

10 
0 
7 
8 
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SNAKE RIVER DIVISION. 

List of latitudes determined astronomically. 

0 , " 

Camp 9 ....•..•••............ 43 8 49 
10 and 54................ 14 17 
11.----- . ------ . ----. ---- 23 30 
12 . - - - - - - - - - - - - -- - - - - - - - - 35 25 
13.----- . ----- ------. ---. 46 31· 
14.----. - •• - . -------- ---. 49 9 
15.------ . ---- .. ---- .. --. 57 47 
16.---- •. ----. ---- - . -- - -·· 44 0 54 
17 .......••••............ 43 59 57 
18 and 21.. . . . . . . . . . . . . . . 56 1 
19 ........•.•...... ----- 4810 
20. - - - . - - - - . - . - - - - .. - - - - - 45 32 
22 . - - - - .. - - -- . - . - - .. - - - - . 44 4 28 
23 .. - - - . - - - - - .. - - - - . - -- - . 10 34 
24.----. -----.----- . ----. 19 20 
25.-.- --.- . ----- ---- . -.-- 2~ 14 
27 . - - - - - . • -- . -. - - .. - - - - • 37 42 
28. - - --- . - --- - - - - - - . - - - - • 43 28 
29 . - - - - . - - - - - . - - - - .. - - - - - 41 28 
30 . - - - - - -- - - - .•. - - - - - - - - - 38 30 
32 - - - . - - - - - . - - - - • - .• - - -. • 34 25 
33 . - - • -•. - - - - - - - - - - - . - - - - 28 4 

Camp 34 .•.••.••.•••..•....•••• 
35 ..••• - ·---- -----·- --·· 
36 . - - - - , .. ,. - - . - • - - • - . -,_ .• 
37 . - - - - •••• - - . - . - - - - . - - - • 
38 - - . - -- - . - . - - - - - - - .. - ••• 
39 . - - ••.. - - - - - - - - - - - - - - - -
40 . - - .. - - - - - . - - - - - - - - - - - • 
41 .. -- •.. ----- - . --- -- . ---
42. - - - - .. - - - -- .. - - - -. - -- • 
43 . - - - - - . - - - - .•• - - - - - . - - -
44 . - - - - •. - - - - - - . - - - - . - - - . 
45 .... ---- ---. ------- ---· 
46. - - - - - - - - - .. - . - - - -- - - - -
47.---- .. ----. ---- . --.---
48 . - - - - .. - - - - . - . - - - - - - - - -
49 - - - - . - - - - .... - - - - .. - - - - -
50 . - - - - - . - - - - ... ~ - - - - - - - -
51.---- .. ----. - . ----. ----
52 . - - - - - . - - - - . - - - - - - - . - . -
53 - - ... - .. - .... - - - - . - - - - -

Beula Lake ......... _ ......... . 
Mount Sheridan .......•......• 

MAGNETIC V .A.RIATION. 

0 , " 

44 25 20 
20 25 
20 37 
21 12 
19 18 
14 20 
8 ou 

43 57 50 
51 31 
46 53 
39 44 
32 25 
29 5 
35 10 
44 3 
48 57 
47 51 
39 40 
38 28 
33 53 

44 9 20 
44 15 30 

The magnetic variation was determined by observing the azimuth of 
Polaris with a Wurdeman's gradienter, the verniers of which read to 
single minutes. 

Place of observation. 

Camp 16, near mouth of Fall River ........•.•..... _ ..... . 
20, Teton Caiion, twelve miles west of Mount H:.tyden 
23, Bechler's Fork of Fall River .................... . 
24, Henry's Fork, (latitude 44° 19' 20") ....••. _ .•... _ 
26 . -- • - .. -- - ... ---- ... - . - .. ----. - .••••.. . ----- -----. 
27, Henry's Lake Valley ...... ----·· ............... . 
32, Lower Geyser Basin ............................ . 
33, Upper Geyser Basin ....... _ ...•................. 
36, Shoshone Lake ................................. . 
39, Lewis Fork, near Lewis Lake ................... . 
40, Mouth of Lewis :Forlc .......................... . 

Beula Lake ....•......................................... 
Camp 42, foot of Jackson's Lake .............. -----· ..... . 

43, East foot of Tetons ....................... _ ..... . 
44 -- - - -- . --. ---- ---- ---. . - - - -. --- -- . - -- - - -- --- - . ---
45, Snake River, ncar mouth of Gros Ventres Creek .. 
51, Snake River, eight miles below canon ........... . 
52 .. - - - - -- - - - .. - - - - . -- - - - ... - - - - . . - - - - . . - - - - . - . - - - . 
53, Willow Creek ..................... ............. . 
54, Highane's Ranch, seven miles from Fort HalL ... . 

Date. 

July 19, 1872 
July 24, 1872 
.Aug. 4, 1872 
Aug. 5,1872 
Au!!. 7, 1872 
Aug. 8,1872 
Aug. 14, 1872 
Aug. 1H, 1872 
Sept. 7, 1872 
Sept. 13, 1872 
Sept. 15,1872 
Sept. 17, 1872 
Sept. 24, 1872 
Sept. 27, 1872 
Sept. 28, 1872 
Sept. 30,187~ 
Oct. 6,1872 
Oct. 7,1872 
Oct. 9,1872 
Oct. 10, 1872 

I 

Variation 
east. 

0 I 

18 12 
17 55 
18 15 
18 25 
19 13 
18 44 
18 29 
18 29 
18 15 
18 13 
18 8 
18 55 
17 56 
17 42 
17 38 
17 40 
17 59 
18 00 
17 55 
17 50 
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Camps of Snake Ril'cr (livision. 

Date. Location. 

~ I fm i! ~ !m n · ~:¥~:~r~:f:2~~~~;r~~:~k :: :~ ~ ~ ~: ~ :::::: ~: ~ ~~ ~ ~~: ~ ~ 
~~~~ ~~ i~ ~~l; 2i ~~~?;e~~:r~!afft~~~~~;~~i~~::: ::::::::::::::::::::::::::::::::::::::::: 

7 July 1 to July 2 Port Neuf River, at head of canon .. ... ________ ----------·----·------

g ~~l~ ~ l~ ~~~l; 1~ ~~~~tg;1l~~d~~h~t~~~~~~::::: :::::::::::::::::: :·_ :::::::::::::::::::::: 
10 Jul_v B to July 13 Higham's Ranch, ou Blackfoot River ...... ------ _____ ------ ...... ---
11 Jnly 13 to J uiy 14 band Creek, south of Taylor's l>rid!?c .. __ ......................... --. 
12 July H to Jnly 15 Snake River, 5 miles al>ove Taylors bridge .................... ---- .. 
13 J nly 15 to J ul_y 16 Market Lake, stage-station .. ________ .................. -- .... -- .. -- .. 
14 ,July 16toJuly 17 CmterButtPs,nearmouthoflJpnry'sFork ........................ .. 
15 July 17 to Jnly Hl Eagle Nest Ford, across Henry':-; Fork .......................... ----. 
16 July 19 to July 20 :FalllUvet·, 4 miles above mouth ..... ____ . __ ....... ______ .......... .. 
17 July 20toJuly 21 Conant'sCreck ..................................................... . 
18 July 21 to .July 2.2 Small er<'ek, near Teton River . .... __ . ______ .. __ ... __ ............. --
19 July 22 to July 23 Cottonwood Creek .... .. __ ...... __ .... ______ ....................... . 
20 July 23 to Aug. 2 Teton CafJon, 12 miles west • f Mount Hayden. __ ... __ ............. .. 
21 Aug. 2 to Aug. 3 Small creek, near Teton River ..... __ . ____ ... ____ .................. .. 
22 Ang. 3toAug. 4 FalllliYer, l6mileRabovcmouth .................................. .. 
23 An g. 4 to Aug. Bechler's :Fork of Falll{i,-er .. ____ ................... __ .... __ .. __ .. .. 
2-t Ang. 5 to Aug. Small swampy lake, -1 miles east of Henry's Fork ................... . 
2.3 Aug. fJ to .Aug. Henry's Fork ......... __ ........................................ .. 
26 Aug. 7 to Aug. 8 IIemy's Fork, -miles aboYc camp 25 .............................. . 
27 Aug. 8 to Aug. 10 East of H<'m,y's Lake, near T_ygh<•e Pas;; ............. __ ....... .. .. .. 
28 An g. 11 to An g. 12 Ma,<lison Rivrr, opposite Tyghee PaRs ............................... . 
2() Ang. l:.l to Aug. 13 ~1adiRou Ri\·ct·, 5 miles :lbove .... .................................. . 
30 Aug. 1:~ to Aug. 14 Jnnction of Gibbon's :Fork and Firc-Ilole IUver .................... . 
31 Aug. 14 to Aug. 15 :First camp, LOW('l' Geyser Basin ................................... . 

~; t;~~: 1 ~ ~~ ~~gt ~ ~1~~~;1 G~~~-}~'r I~~~':~ ~~:s~~-- ~-a~-;-i~- : ~ _- ~ ~ ~ _- ~: ~ ~ ~: ~ _· ~:::::: ~ ~ _-:::: _· _· _-: _· 
:H Rent. :1 to Sept. 4 FJI'(·-IIolc HiYcr, G miles abo\TC camp 33. __ ....... __ ...... ,_ ......... . 
:J5 Sept. 4 I o SPpt. 6 Ilea<l of Fin'-Hole lUver ........... __ .. __ ........... __ .. __ ..... ____ __ 
36 Sept. H I o Rcpt. fJ J West end of Slwshone Lake, (Geyser Basin) ......................... . 
:n Sept. 9 to Sept. 10 East eud of Shoshone Lake .... ................. __ ................. .. 
38 1 Sept. JO to SPpt. l:J LPwis Lake .......... ...... __ ....... __ .......... ____ ............... . 
39 Sept. J:l to SC'pt. 14 Lewis Fork, 3 miles below lake ..................................... . 
-tO Sept. 14 to Sept. 17 ,J nuction of Lei\' if! Fork and Snake lliver ........................... . 
-IOal i:iept .. 1~_, to ~.·l'pt. 18 Lake•;; at hea<l <.Jf Falll~iyer .. _. _ .. _. _. _____ .. ____ . __________ .. __ .. __ _ 
41 Sept. 19 to Sept. 2l Iukt to Jack;;on's Lake ............................................ .. 
4la Sept. 21 to Sept. 22 .racksou's Lake ..................................................... . 
42 Sept. 2::! to Sl'Pt. 25 01ttkr to Jackson's Lake .......................................... .. 
43 Sept. 2.> to SC'pt. 28 East em foot of Mount Ilayden, between glacier lakes ............. .. 
4-t Sept. :!:3 to s~·pt. 30 Snake River, at junction with cr-eek from glacier lakes .. __ ........ .. 
-15 Sept. 30 to Oct. 1 Snal'<' RiYer, below wouth of Gros Veutres Creek ................. --
46 Oet. 1 to Oct. 2 Eas~cru rud of Teton Pass ......................... -- ... -- ........ .. 
471 Oct. 2 to Oct. 3 West em end of Teton Pass ........ ________ .. ____ ... __ . __ . _________ __ 
48 Oct. 3 to Oct. 41llorsc Creek, Teton Basin ... __ ........................... ____ ... __ .. 
~9 Oct. 4 to Oct. 5 Cafion Creek ...... ____ ... __ ................... __ ............... __ ... 
;:,0 Oct. 5 to Oct. 6 :Moody Creek. __ ...................... __ ......... __ ................ .. 
5l Oct. G to Oct. 7 Snake River, 8 miles below canon, north side ....................... . 
5il I Oct. 7 to Oct. 91 f:n:llW Rin'l'. 8 miles b :olow canon, south side .. __ ... __ .. _. __ . ______ __ 
5.1 Oct. !ltoOct. 10 WilloworBigSandyCreek ....................................... .. 
54 Oct. 10 to Oct. 11 H;g-bam's Ranch ................ __ .. __ ................. __ . __ ..... __ . 
56 Oct. ll Fort Hall, Idaho .............. ...... ............................... . 

Profile of Henry's Fork. 

4, 527 
4, 253 
4, 249 
4, 429 
4, 9:~3 
4.666 
4, 626 
4, 512 
4, 754 
4, 601 
4, 716 
4, l:l30 
4, 846 
4, 813 
4, 951 
5,126 
5, 500 
6, 016 
6,126 
6, 646 
6, 016 
5, 6fi8 
5, 76:2 
6, 256 
6, 247 
6, 434 
6, ti49 
6, :)84 
6, GO:l 
fi, 771 
7, 250 
7, 261 
7, 394 
7 579 
!:!: 320 
7, 8t<1 
7, 8'i4 
7, 737 
7, 750 
6, f<92 
7 530 
6:817 
6, 811 
6, 808 
6, 955 
6, 446 
6, ::!3·1 
6, 317 
6, 312 
6, 403 
5, 804 
5, 266 
5. 030 
5, 040 
4, 877 
4, 601 
4, 754 

Elevation. 
Feet. 

Henry's Lake ..........•..................... -.. . . . . . . . . . • . . . . . . . . . . . . . . . . . . 6, 442 
At camp 26 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . 6, 448 
At camp 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 24~ 
At camp 15, Eagle's Nest Ford ............................................... 4, 944 

Profile of 8nalze Ri1.•er, from headwaters of Lewis Fo·rk to Stoner's Stage 
Station. 

liead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • . . . . . . . . • . . . . . . . . . . 7, 986 
Bhoshone Lake ............................................................. 7,870 
Lewis Lake ................•.....•.....•. _ .........•...•.•...•.....•••... _. 7, H:t8 
Falls, top .............................................••........... _.. . . . . . . 7, 804 
:Falls, bottom ............................••................................. 7,7G5 
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At camp 39 ................................................................. 7, 742 
Falls, top . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 7, 523 
}~alls, botton1 ............................................................... 7,468 
Falls, ::2t miles l>elow .....................•................•...............•. 7,110 
Two miles above camp 40 .................................................... 6, 9LO 
Mouth of Lewis Fork . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 870 
Jackson's Lake ......................•..........••..........•.•...... _ ... _ ... 6, 806 
Seven miles above camp 44 .................................................. 6, 685 
At ca rn p 44 . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . • . • . . ..•................ _ . . . 6, 429 
At can1p 45 • . . . . . . . . . . . . . . . . • . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 6, 227 
At camp 52 . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 0:30 
At cain p 12 ........ -- .... - •• -. -....•.... -..• -.... - ....... ---- .. ---- ..... -... 4, 825 
At Taylor's Bridge ......•......................•..•...........•....•.•....•.. 4,814 
At Stoner's Stage Station ....................••.....•..•...••...•............ 4,621 

Profile of Falls River. 
Head ...................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . _ ......• _ . 
Beula Lakes .............................................•.................. 
Rapids below lakes ......................••••••..•.......•.••...•............ 
Falls, :1 miles below lakes ................................................... . 
l\1ain falls, top ..........•............. • ..................................... . 
Main falls, bottom ......•.................•..•••..•.•.....................•.. 
At can1p 22 ...•.................•.............•.............••.............. 
At carnp 16 ................................................................. . 
Shoshone Lake, Geyser Basin, average elevation ............................. . 
Solitarj' Geyser, (on Fire-Hole H.iver,) al>ove the Upper Geyser Basin ......... . 

The above is the average elevation of the bot springs in that neighborhood. 
Hot Sulphur and Mud Springs, between the Upper Geyser Basin and Henry's 

Fork ...........................................•........................ 
Hot Spring east of camp 51, on Snake River .........•......•....•••......... 

Elevations of lakes. 
Shoshone Lake ............................•.........•....••••............. 
Lewis Lake ...............................•.............................•.. 
Upper Glacier Lake, east of Mount Hayden ....•..........•••...••..........• 
Lower Glacier Lake, east of Mount Hayden ...•...•.....•••..•............... 
Jackson's Lake ...................................•.•...................... , 
Upper Lake, at head of Falls River ....•.................................... 
Lower Lake, at bead of Falls River . . . . . . . . . . . . . ........................... . 
Lake, one mile above camp 31 ......................................... _ ..•. 
Swalllakcs at Twin Buttes .........••....•.................................. 
Small luke back of camp 31 ................................................ . 
Large hot Apring or lake, one and a half miles above camp 31 ................ . 
1\Ia<lison Lake ...............................................•.............. 
Small 1a ke at foot of H.cd Mountain ........................ • ................. . 
Small lake between Lewis and Yellowstone Lakes •...•....................... 
Upper Lake, north of camp 42 ................•......•.....•................ 
Lower Lake, north of camp 42 ............................ .' .....•........... 

Elevations of rnountain peaks. 

7,580 
7,525 
7,455 
7,300 
7,047 
6,902 
5,668 
5,116 
7,900 
7,772 

8,544 
5,050 

7.870 
7,750 
6,950 
6,945 
6,806 
7,541 
7,525 
7,299 
7,608 
7,258 
7, 3!~5 
8,301 
8, 2!36 
8,001 
6,969 
6,951 

Mount Sheridan ...............................••............. ·.. . . . . . . .. . . . . ~-0, 343 
Red Mountain...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 806 
Rocky Bnttes, Falls River Pass...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 356 
Top of l>1nffs, north ofsame...... ...... ...... ..... ....... ... ...... ...... .... 7, 772 
Lookont Hill, north of Slwshone Lake.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 257 
North Twin Buttes, Lower Geyser Basin, (on main range)·····----· .......•.. 7,96~ 
South Twin Bnttes, Lower Geyser Basin .... ---· ............................. 7, 979 
East Crater Butte, moutll Henry's Fork .........•.......... •................. 5, 368 
\Vest Crater Butte, month Henry's Fork ............. _ . . . . . . . . . . . . . . . . . . . . . . • 5, 425 
Bott.om of crater, in West Butte ...•........................................ 5,217 

Mount Hayden, or the Great Teton, was measured by triangulation 
with the gradienter. Three different triangulations '\Vere made to it 
from different points, the elevations of the bases above the sea being 
determined by barometric observations. The several results of the tri
angulations are as follows: 13,858 feet, 13,705 feet, 13,880 feet. 



816 GEOLOGICAL SURVEY OF THE TERRITORIES 

The first triangulation was made under more favorable circumstances 
than the others, and I give it a double weight; and adopt, therefore, as 
the elevation of Mount Hayden above the sea, 13,833 feet. 

The result from an a.neroid reading was 13,784 feet. 
1\fount Moran, (eleYation determined by triangulation,) 12,809 feetc 
Sawtelle's Peak, (measured in same way,) 9,070 feet. 

Passes and divides. 
Feet. 

Teton Pass .............. __ ................. _.. . . . . • . . . . . . • . . . . • . . . . . • . . • . . . 8, 464 
Tyghee Pass ........ _. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 063 
·water-shell between Fire-Hole, Snake, and Henry's Fork . .. . . . . • •• . . . . . .. .. . . 8, 761 
Continental water-shed, between Yellowstone and Lewis Lakes ...•• _. . . . . . . . . 8, 024 · 
Highest point on uhe divide between theEastFork oftheFire-Hole and Yellow-

stone Rivers ........ _ ...... _-:. .... _. • . . . . • . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . 8. 89~ 
Continental divide, between the Fire-Hole River and Shoshone Lake.......... 8; 717 
Eastern divide, from head of Falls River to Snake River ... _ .......... ___ ..... 7, 594 
Southern divide, from head of Falls River to Snake River .................... 7,533 
Continental divide, between the Fire-Hole, weE>-t of the Lower Geyser Basin 

and Henry's Fork .......... __ .......... _ .... _ .....• -- ....•..... _.. • . . . • . . . 8, 267 
Divide between 1\falade River and Marsh Creek ... _.. . . . . . . . . . . . . . . . . . . . . .. . . 5, 651 

From the hourly barometric observations at Fort Hall I have con
structed t.be following mean monthly curves of horary oscillations from 
7 a.m. to 9 p.m., for the months of June, July, August, and September: 

~ ~ 
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The honzootal divisions represent hundredths of an inch of the harometric column. 



GEOLOGICAL SURVEY OF. THE TERRITORIES. 

The mean temperature from June 4 to 25 . : . ..........••••••• 
'The mean temperature from July 13 to 31.· .. · ................ . 
Tbe mean temperature for August .... w ••••••••••••••••••• ~ • 

The mean te~perature for September ....................... . 
The mean t~mperature from October 1 to 18 ................ . 

52 G S 
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640.62 
700,44 
70°.90 
570.79 
570.28 
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Basalt.ic beds, &c...... .. .. .. . . .. . . . . . . . .. .. . . .. 29, 35, 51, fi9, 61, 104, 203, 209, 224, 271 

columns .... _ ........ -.. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, G5 
peaks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Bat, blunt-nosed . . . . .. . . . . . . . .. . . ... . . . .. . .. . .. . . ... . . . ... ... . . . . . .. . .. . 669 
Gila................................................................ 659 
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city _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 477 
estuary beds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478 
springs ______ ................................................. 17;3 

Beaver, Awerica.u . . . . . . .. . .. . . . . . . . .. . . . . . . . . . ... . . . . .. . . . . . . . . . . . . . . .. . 6G5 
Bechler's River...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 
Bee-hive, (geyser) . . .. . .. . .. .. .. .. ... .. . . .. . . .. .. .. . . .. . . .. .. . . . . . .. . .. .. 148, 149 
Beulah Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257 
Big-horn Mountains .................................................... 21,431,465 

River........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Birds ............................ __ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 670 

eggs, list of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 704 
fonml in :Fire-Hole Basin, (list) ........................... _ ........ _ 712 

Teton Basin, (list) ..... _ .............................. __ .. . 712 
Utah, (list) ...................................... --~-..... 71:3 

Bit1'er Creek coal series, fossils from .. .. .. . . .. .. . . . . . . . . . . .. .. .. .. .. .. . .. . 477 
Black Butte ............................ _ ............... _ .... _ .. _. . . . . . . . 398 

to Rock Spring .............. ·-----............................ 33:J 
B1acl;:foot Fork.......................................................... 207 
Blacku1orite ......................... _ ..................... __ ....... _... 1G9 
Blackmore, Monnt ................................ _ ... .. .. .. ... . .. . . . . . . . Hl9 
B1 ack Rock Station .. .. .. .. . . . . .. .. .. . . . . . . . . . . . . .. . . . . . . .. . .. . . . . . . . .. . 204 
Black SnJp1mr Geyser ... _ ........................ _ .................. _... 246 
Black-tail Deer Creek ............................ , ....... _... .. .. . . . .. . .. 64 
BJne-Lird, Rocky Mountain ................................ --~-........ .. 671 
u Boiling Spriug" ....................................... ·----· ...... .... 54,102 
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Botcle:r's ltauch ............................... __ .... _ ..... __ . . . . . . . . . . . . 29 
Bowlder Creek.......................................................... 48 

Mountains, South ................................ _ ...... __ .. .. .. 65, 66 

*NOTE.-Fol' names of gene'!.'a and species see index of systematic names. 
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Bozeman ............... · ................. _ ... __ . ___ ... _ . _ ............... . 

Pass ............................................... _ :. _ .. _ .... . 
Bradley, F. H., report of ................. _ ... _ ..... _ ..... _ ... ___ ........ . 
Bri<1ger ~a~in, Remains of primitive art in, by Joseph Leidy ........ _ ... __ 

Canon _ .......... __ ......... _____ ..... _ .. _ ... __ ........ _ ....... . 
Creek ...... __ .............................. _ .. __ ....... . _ ....... . '74 
Pass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 7 4, 75 
Peak ....................................................... _ ... _ 29 
Range . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
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Kenilworth Castle .............................. _. . . . . . . . . . . . . . . . • 210 
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\Valker's.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 
\Veber .... ...... ...... ...... ...... .... ...... ...... ....... .... .... 15,17 
\Vest Gallatin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
"\Villow Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 
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t~~~:. ·_ ·_ ·. ·_ ~ ·_ ·_ ·_ ·_ -_-_ ·_ ._._ ~ ·_ -_-_ ~ ·. ~ ·_ ~ ·_ ~ -.-.-. ~ ·_ ~ ~ ~ ·. ~ ·_ ~ ~ ~ ~ ~ ~: ·_ ~ ~ ~ ~: : ~: ::: ::: ~~~ 
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Fraxinus dcnticulata...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407 
Fringillidre . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 678, 706 
Fumariacem . ... . . ....... ... ... ... .... .. . ... ... ... ...... .. . ... . . . ... .... 760 
Fungi . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 792 
Fusus gab bi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 504 

utabcnsis . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505 
Galeoscoptes carolinensis...... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 670, 705 
Gallinro. ...... ...... ...... .... .... .... •.. .... .... .... .... ...... .... .... 711 
Uallinago wilson ii.... . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 700 
Uam betta melanoleuca.... . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700 
Garrulinro . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 687 
Gentianacero . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77!:3 
Gentiana crinita .................................... .'... .... .... .... .... 225 
Geomyinro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . 665 
Geothlypis trichas. .. . .•. .. . ... . . . . ... . . . . .. . . . . . .. .. .. . . . . . . . . . ... . . . .. . 674,705 
Geraniacere . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . ... ' . .. . . . . . • . . . . . . . 763 
Geranium I'icbardsonii... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . il2 
Gleichenia kurriana... .. . ... . ... . . . . . .. . ... .. . •.. .. . ..• .. . . . . . . .. .. . ... 421 
Gomphus coln brinus .................... _. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 727 

vipirinns.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 727 
Goniobasis insculpta. .. . ..••.. ......... .. . . . . . .. . . . . .. ... . ... . .. . •. . .. . . 515 
Gouoiues mevbi tid is .................................... -- . . . . . . . . . . . . . . . 732 

merriamauus . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 731 
Grallm ............................................................... ,... 699,711 
Gran1inacero . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . 785 
Gruidro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 702 
Grus canadensis.... . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 702 
Grypba:'a...... ...... ...... ...... ...... ...... ...... .... .... ...•.. ...... .. 112 
Guiraca melanocepbala...... . . . . . . . . . . . . . . . • . .. .. . . • . . • . . . . . . . . • . . . • . . . . . . 683, 707 
Gulo luscus...... . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 662 

g~~~~~:~~~~~~t~~~~~~~~~ ·_-_-_-_ ·_-_ -_-_-_·_-_-_-_-_-_-_ ·_-_-_-_-_·_ -_-_-_- ~:: ~: ~::: ~ ~::: ~:: ~ ~:: ~: 117, ~~t 
corsonii. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 631 
octonalius...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 630 

Halymenites major...... . . . . . . .. . . . . . . • • . . . • • . . . . . . . • • . . . . . . . . . . . . . . . . . . . :n3, 390 
minor ................................................. '""··· 373 
striatus... . . ............. , . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 37:3 

Halysitcs eaten i pora ................................ _.. . . . . . . . . . . . . . . . . . . 19 
catenulata.. .. .... ...... .... .... ....•. ...... .... .... ....... .... 194 

Hemi pronetcs ...............••.........................•.... _... . . . . . . . . 12fi 
crenistria ................................................ _. 78, 112, llli 

Hepaticm... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . 789 
Hesperomys lcucopus.... .... ...... .... ...... .•.... .... ...... .... .... .... 666 
Hetrerina californica.... .. . ... .. . . .. ... . .. .. . .•. ... .. . .. . . . . . . . . . . .. . . . . . 72H 
Himantopus Bigricollis ............................ _ ....... __ .. .. .. ... . .. 702,711 
Hirundinium ..... ____ .... __ .... __ .. __ ..... __ .... ______ .........•.... ____ 676,706 
Hirundo horrcorum .......................................... _. . . . . . . . . . . 676 

lunifrons...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70(j 
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Hydropbyllacem........................... .. . . .. .. . . .. . . .. .. .. . . .. . . . . .. 777 
Hydropterides ..............•.....•..... _ ........... _ ........... _. . . . . . . . 788 
Hymenophyllum cretaceum...... ...... ...... ...... ...... ...... ...... .... 421 
Hyopsodus paulus ... _ .......... _ ......... _... .. . . . . .. .. . . .. . .. . .. .. . .. . . 609 
Hypericacere ................ _.. . . . . . . . . . . . .................... ___ . _ . _ .. . 762 

Hyrachyus ~~~;~i-~~: ~- :_ ~ ~ :_ ~ ~ ~ ~-~- ~- ~: ~ ~ ~ ~ ~ ~ ~: :_ ~ ~ ~ ~: ~ ~ ~ ~ = ~ ~ ~: ~ ~ ~ ~ ~ ~ -~ ~ ~ ~ ~ ~ ~ ~ ~ =: ~~~ 
exirnius ....... _ ....... _ ... _ ... __ ..................... _.. . . . . . . 595 
implicatus.... . . . . . . . . .. . . . . ... . .. . . .. . . . . . .. . . .. .. . . .. . . .. . .. . 604 
nanns.... ...... ...... ...... ...... ............. ...... .... ...... 605 
princeps...................................................... 595 

Hystricidm.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 666 
Icteria. lougicauda.... .. .. . . .. .. . . . . . . .. .. . . .. .. . . . .. . . .. . . . . . . . .. .. . . .. . 67 4 
Icteridm.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68fi, 708 
Icterinm.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 685, 703 
Icterus bullockii... .. . . .. . .. . . . . .. .. . .. . .. .... _... . .. .. .. .. .. .. . .. .. . .. 685, 708 

~~~ii~;~~~~;~~ii:~---~-~-~-~-~----~-~-~----:·~-~-~-~ --.-~-~-~-~: ~: ~ ~ ~ ~ ~ ~ ~: ~: ~ ~:: :_ ~ ~: ~ ~ ~:: ~ ~ ~ ~: ~~~ ~12 , M~: ~~~ 
Iridacem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78~~ 
Ixodes bovis.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 40 
J aculus h udsonius...... . .. . . . . .. . . .. . . . .. .. . .. . .. .. __ .. . .. . .. .. . . . . . .. . 665 · 
J uglans baltica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398 

denticulata .................................................... 117, 389, 408 
rhamnoides .................................................... 382, 400, 402 
rug?sa .. : .............................................. 382. :390, 398, 404, 407 
scbimperi ........................ ·•-. .... ... . ....... .... .. . . .. .. 382,384 
smitbsoniana... ... . . . ... ......... ... ...... .... ... ... ... ... . . .... :3H2 

Jnucacem............. ... . . . ... .. . ... . . ... ... .. . ... . .. . . ... . . . . .. . . . . .. . 784 
Junco oregonus ........................................ - ----· ... ... .. . ... 681 
Juniperus occidentalis...... . .. . .. .. .. . .. . .. .. .. .. .. .. .. . .. .. . . .. . .. . .. . . 206 
Labiatm...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77G 
Lacertilia...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6:)1 
Lagomys princeps... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218, 6GH 
Lamellirostres.... ...... ...... ...... ........ .... ...... ...... .. .......... 70:3, 71] 
Laniidre.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 677 
Laridm .............................. ~... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 704 
Larix arnericaua . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299 
Laurophyllnm reticulatnm.... .. . .. . .. . .. . . . .. .. . .. .. . . . .. .. . .. .. .. . .. .. . 4~5 

• La urns o bovata.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :399 
priruigenia... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406 

Legnminosm.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76:3 
Lemnacem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 782 
Lentibnlacem.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 774 
Leporidm . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 666 
Lepus bairdii...... . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 667 

call otis ..................................................... ~. . . . . 666 
Lestes congener...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 727 

disjuncta...... ...... ...... .... .... .... .... ...•. .... .... .... ...... 727 
Libellula fl.avida...... ............. ...... ...... ...... ...... .... .... ...... 728 

forensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 728 
nodistictu.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 727 
saturata ................................ _. . . . . . . . . . . . . . . . . . . . . • 728 

Lichens...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . 790 
Liliacere. . . . . . . . . . . . . . . . . . . . . . . . _. . . . . . ......................... , . . . . . . . . 783 
Limnma compactnis .. __ ...... ... . . .. . . .... . .. ... .. .. .. . .. . .. .. .. .... .. .. 517 
Limnohyus diacouus ............... _ .......... _. .. .. . .. . .. .. .. .. .. .. .. .. 593 

fontinalis...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 594 
paludosus...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593 

Linacem ................ _ ......................................... ~..... 762 
Lingula ........................ _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172, 20 I 
Lingulepis...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 
Liquidambar iutegrifolius ...... _............ .. . .... .. .. .. .. .. .. .. .. . . . ... 422 
Loasacem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 767 
Lobeliacem.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
Lougipeunes .......... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 704 
Lorantbace:c.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 781 



lNDEX OF SYSTEMATIC NAMES. 

J .. oxolopho<.lou ........................ - ................................. . 
coruntns ................................................. _. 

Lycopodiacem .............. -............................ _. _ ...........•. 
lJytbrace::e ............................................... _ .... ___ ..... _. 
MacClintockia lyallii. .................................... _ ..... _ ....... _ 
.Macrocheilus ..... _ .......................................... _ ... __ . _ ... . 
Magnolia inglefieldi... . . . . . . . . . . . . . .. . . . . . . .. . . .. . . . . . . _ .. __ .. . . .. . .. . 
Mallophaga ..................................... ____ .. _. __ . ____ ..... _ .. _ 
1falvacem ........ _ ...................................... _ ....... _ ..... _. 
Ma1nrnalia ...................................... _ .. _ .. _. _ ........ _ .... __ 
MitrS up i alia . . . . . . . ........ _ .. ___ . _ _ _ _ _ _ _____________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
~Iartinre...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __ . 
Megaceratops coloradoeusis ............................................. . 
Melampns antiqnns ..................................................... . 
Melanerpes torq natus..... . ........................................... _ .. 
Melania wyomingensis ................................................ _ .. 
J\Ielinre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................. _. 
Melospiza fall ax ..................................................... _ .. . 
11enopou picicola ....................................................... . 
Mephitis bicolor.... . . . . . . . . . . . . . . . . ......................•..... _ .... _ .. 

meplri tic a ...............................................•...... 
1Iesonyx .................................................. _ ............ . 

obtusidens .................................................... . 
Mesotlremis composita ...... __ ................................... _ ...... . 

f~~~~ 8!~ ;1 i~ ~ _- ~ ~ ~ ~ ~ _- ~ _- ~ ~ :.- :: _- _- ~ ~ : ~ -_ -_ -_ ~ -_ -_-- ~: ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~: 
simplicollis ............................................. _. _ .. 

~f;~~j~;~~~~~~~~~l~--: .- ~ _- ~ _- _- ~ _- ~ _- ~ _- _- _- _-: _-_-_-_-. ~:: ~ ~ _- ~:: ~ ~: ~ ~ ~ ~ ~ ~: ~: ~: ~ ~ ~ ~ ~ 
11ilvinre .......................•............................... _ ..... __ . 
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mnltilinigera ............................•.....•.......•.......... 
:\-fotacillidre .........................•............. _ .•.... __ ......... __ .. 
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l\furir1ro ................................................................ . 
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N atatores .........................................••.....•....•.......... 
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bellatula ....................................................... . 
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Nnmenius longirostris ......................•. --~· ..................... . 
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rugosa .....................•................................... 

839 

Pal-J;c. 
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568 
788 
767 
400 
26~ 
396 
731 
762 

546,661 
611 
GtH 
585 
507 
69:> 
516 
63~ 

682,707 
7;)L 
6G~ 
662 
550 
552 
728 
72.'3 
7<!8 
72-l 
589 
60!) 
608 
111 
4£_\:~ 

674 
(jl.)i) 

6G5 
788 
665 
661 

'120 
67iJ 

392,399 
729 
783 
631 
6:~2 

703,711 
-199 
407 
499 
498 
500 
500 
733 
541:! 
549 
7CO 
7791 

6G9 
759 
407 
172 
727 
720 
720 
720 
721 
720 
720 
720 
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