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REPORT ON THE VERTEBRATE PALEONTOLOGY OF COLORADO.

BY Epwarp D. Copg, A. M.

PHILADELPHIA, July 12, 1874.

Sir: I send herewith a report on the stratigraphical relations and
vertebrate paleontology of the formations which represent the Creta-
ceous, Eocene, Miocene, and Pliocene periods in Colorado, with a few
species from other localities added. This essay is based on material
collected by myself during a part of the summer and autumn of the
year 1873, under the auspices of the geological survey of which you
are director. This represents the following numbers of species from
the respective formations, to which I have added the number from
each which is believed to have been first introduced to the knowledge
of paleontologists:

Formation. Total. | New.
g 10T TS s T 21 9
MiOCeNe. cceee et e ecaceecaccaccaccscnacecccnns e ccceaans anns 75 59
E0Cene. . ciciiiiaecetaccctcacc et ccccccaacocnns tancas sanans 15 7
Cretaceous « oo icveeececavacccnscacceccansncnncanaccancans eeeeenn 38 19
TOtAL «ecece ciaeecccceecacccetacceccacccacaccaccncaaanann 149 94

Hoping that the report will subserve the objects of the survey, I

remain, with respect,
EDWARD D. COPE,
Paleontologist.
Dr. F. V. HAYDEN,
Geologist in Charge, dc
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CHAPTER I.
INTRODUCTION.

The water-shed between the South Platte River and Lodge Pole Creek
is composed superficially of formations ot the Pliocene epoch as defined
by Hayden. The latter stream flows eastwardly through the southern
parts of Wyoming and Nebraska, and empties into the South Platte
near Julesburgh, Nebr. The territorial and state boundaries traverse
this water-shed from west to east. The springs on its southern slope,
which form the sources of the northern tributaries of the South Platte,
issue from beneath the beds of the formation above named. At or near
this point is an abrupt descent in the level of the country, which generally
presents the character of aline of bluffs varying from two to nine hundred
feet in height. This line forms the eastern border of the valley of Crow
Creek until it bends to the eastward, when it extends-in a nearly east and
westdirection forat least sixty miles.* Atvarious poirtsalongit, portions
have become isolated through the action of erosion, forming ¢ buttes.”
Two of these, at the head of Middle Pawnee Creek, are especially conspic-
unouns landmarks, forming truncate cones of about 900 feet in elevation,
as Mr. Steven~on, of the survey, informs me. They are called the Paw-
nee or sometimes the White Buttes; near them stand two others, the
Castle and Court-House Buttes.

The upper portion of thisline of bluffs and buttes is composed of the
Pliocene sandstone in alternating strata of harder and softer consist-
ence. It is usunally of medium hardness, and such beds, where exposed
on both the Lodge Pole and South Platte slopes of the water-shed,
appear to be penetrated by innumerable tortuous, friable, siliceous rods
and stem-like bodies. They resemble the roots of the vegetation of a
swamp, and such they may have been, as the stratum is frequently filled
with remains of animals which have been buried while it was in a soft
state. No better-preserved remains of plants were seen. The depth of
the entire formation is not more than 75 feet, of which the softer beds
are the lower, and vary in depth from 1 foot to 20. The superior strata
are either sandstone conglomerate or a coarse sand, of varying thickness
and alternating relations ; the conglomerate contains white pebbles and
rolled Pliocene mammalian remains.

This formation rests on a stratum of white, friable, argillaceous rock
of Miocene age, probably of the White River epoch, as I believe, from
the presence of the following species, which I detected in it: Hyenodon
horridus, H. crucians, Oreodon culbertsonii, O. gracilis, Pebrothzrium vil-
sonit, Aceratherium occidentale, Hyracodon nebrascensis, Anchitherium
bairdii, Paleolagus haydenii, Ischromys typus, Mus elegans, &c. The
formation extends to a depth of several hundred feet, and rests on a
stratum of a fine-grained, hard, argillaceous rock of a dark-brown cclor.
Some of its strata are carbonaceous, and contain vegetable remains
badly preserved; others are filled with immense numbers of fresh and
brackish water shells, including oysters. I do not know the depth of
this bed, but followed it to the southward until it disappeared beneath
the Loess of the South Platte. The age of this formation is identical
with that which underlies the fresh-water basins of Dakota and Wyo-
ming according to Hayden, and concerning which difference of opinion

* S;((ele Berthoud, Proceed. Acad. Nat. Sci. Phila., 1872, p. 48, where the bluffs are men-
tioned.

/
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exists among geologists. I, however, succeeded in procuring a number
of fossil vertebrates from it, which not only prove conclusively its Me-
sozoic age, but its horizontal identity with the reptile-bearing Fort Union
beds of the Upper Missouri. This formation, which has been usnally
regarded as Tertiary,I determined to be Cretaceous in 1869, and the
present discoveries establish that view as correct. The fossils which
are described in the following pages represent Dinosauria of three spe-
cies, a crocodile, and several tortoises, identical specifically with those
obtained by Dr. Hayden on the Missouri, Big Horn Rivers, &c. Some
of the shells 1 submitted to Mr. Conrad, and he pronounces them to be
Cyrenas.

South of the South Fork of the Platte, the Cretaceous beds have an
extensive development, and south of the Kansas Pacific Railroad contain
some beds of pretty good coal. The high tract of land which extends east
from the Rocky Mountains, and constitutes the ¢ divide” between the
waters of the Platte and Arkansas, is composed of Tertiary strata lying
nearly horizontal. A few days’ exploration among them revealed chiefly
hard, coarse sandstones and conglowerates, which belong to the Monu-
ment Creek group of Hayden. The more elevated hills nearest the
mountains are capped by a light-colored trachytic rock, believed to be
of volcanic origin. While it overlies the Monument Creek formation, the
_sandstone of the latter not infrequently incloses angular fragments of
a similar rock, showing that the outflow commenced prior to the period
of its deposit, and continued subsequently. The age of the Monument
Creek formation in relation to the other Tertiaries not having been defi-
nitely determined, I sought for vertebrate fossils. The most character-
istic one which I procured was the hind leg and foot of an Artiodactyle
of the Oreodon type, which indicated conclusively that the formation is
newer than the Eocene. From the same neighborhood and stratum, as
I have every reason for believing, the tragment of the Megaceratops co-
loradoensis was obtained. This tossil is equally conclusive against the
Pliocene age of the formation, so that it may be referred to the Miocene
until further discoveries enable us to be more exact.

Fresh-water strata of probable Eocene age were, however, detected
by both Dr. Hayden’s party and my own in the South Park. These
consist of laminated argillaceous shales of soft consistency, in which
great numbers of fishes and plant impressions are preserved. The fishes
are referable to only two species, Amyzon commune and Ehineastes pec-
tinatus, and are described in chapter II. They are nearly related to
species of the Elko shales and Bridger formation, and I suspect that
their age is Eocene.

From Trout Creek, near Tairplay, we procured a number of inverte-
brate fossils of Lower Cretaceous age, a few of which are described by
Mr. Conrad in chapter II.

Thus it appears that, in Colorado as in Dakota, the formations
of the Loup Fork, White River, aund Fort Union epochs are preseut, and
display a similar succession of life, and that the corresponding horizons
display identity in the generic and often specific forms of life. They also
exhibit the same marked faunal distinctness from each other in Colorado
as in Dakota, and the Colorado fauna displays the same strong diver-
sity from the Eocene fauua of Wyoming in respect to the genera, fami-
lies, and orders which can be compared.
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CHAPTER II.
THE CRETACEOUS PERIOD.

SECTION I.—ON THE MUTUAL RELATIONS OF THE CRETACEOUS AND
TERTIARY FORMATIONS OF THE WEST.

“The subject which it is proposed ‘here briefly to discuss is one which
has excited considerable interest for several reasons. One of these is,
that there exists some discrepancy in the evidences as to the true age of
beds at the summit of the Cretaceous period and base of the Tertiary
in the Missouri and Rocky Mountain regions, and hence a difference of
opinion. Another is, that the question of continuity in topographical,
and hence of faunal and floral, relations, will be largely elucidated by a
proper determination of the beds in question, both geologically and
paleontologically. I have endeavored to attain some results in the
latter field in the department of Vertebrata, which are here presented,
"with some stratigraphical observations made at localities either little or
not previously studied.

Messrs. Meek and Hayden have classified the vast thickness of the
Cretaceous system, recognizing five epochs as quite distinetly defined.
These are as follows:

I. THE DAKOTA GROUP, (No. 1.)—The present list does not include any
species as discovered in this formation. Developed on the Missouri and
on the Rio Grande, New Mexico.

II. THE BENTON GROUP.—Seen on the Missouri River by Hayden, and
stated by him to extend to the Smoky Hill River, in Kansas, and to
Texas. I have determined only three species from it, namely: Hypo-
suurus vebbii, a crocodile ; Apsopelix sauriformis, a clupeoid; and Pele-
corapis varians, a ctenoid fish. Other species of fishes occur in the same
formation in Kansas. '

III. THE NIOBRARA GROUP.—From the Missouri, Kansas, and Texas,
according to Hayden. Confirmatory of the last locality are remains of
Pythonomorpha from that State, discovered and seut to me by Mr. A. R.
Roessler. I have also described a species of that order as common to
Eastern New Mexico and Western Kansas; and Hayden and Leconte
state that it appears north of the Arkansas in Southern Colorado.
. Vertebrate remains are abundant in this formation, and it has furnished
a majority of those investigated by paleontologists. They are distributed
as follows, among the orders of Vertebrata ;

Aves:

[ 7 7 1 . R 2
(D) BAUrUT® <o eeen et ettt teeeieneanaetaecennnn 2

Reptilia : ‘
Dinosaurics - . «.ccveueerenuienaann Cieernaas teeeccaccaceaan . 1
Pterosauria ....... e tmeccrecesaccctecccctanatancasancenncns 4
Sauropterygias . .. ... cooieniiiiiiiiiian... Cesreeneiessaneaann 3
TeSIUAINAEA - - o e ce eeee e et teee e eieeecteaeosesnanesasannannns 3

Pythonomorph@y. .cc.oeeeeeveneianinnnnnn. Creeeiees Cedmeneeaes 27
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Pisces : '
Is08pondyli . .. coonn e et eiaee e el 31
Selachii......oovoin e i e eeaeiaaaannn 10

IV. THE PIERRE GROUP.—In Nebraskaand Dakota, and Middle Colo-
rado south of the divide between the waters of the Arkansas and Platte
Rivers. Also the lower bed of Greensand of New Jersey. Besides the
numerous remains of reptiles and fishes found in New Jersey, this for-
mation contains" saurian (mosasauroid) remains in Colorado. Weber'
River, Wyoming,* below the coal.

V. THE Fox HiLLs GrouP.—Extended inCentralDakota; on the Ar-
kansas and tributaries in Southern Colorado ; and as the secoud Green-
sand bed in New Jersey.t

VI. THE FORT UNION OR LIGNITE GROUP.

With this epoch we enter debatable ground, and begin to consider
strata deposited in brackish or fresh waters, which were more or less -
inclosed by the elevation of parts of tlie Rocky Mountains and other
western regions, and which are therefore more interrupted in their out-
lines than the marine formations which underlie them. Dr. Hayden
has recognized and located a number of formations of this character, to
some of which he has applied the name of ¢ transition-beds.” That the
period of their deposit was one of transition from marine to lacustrine
conditions is evident, and that a succession of conformities in position
of beds may be traced from the lowest to the highest of them, and with
the Tertiary strata above them at distinct localities, beginning at the
south and extending to the north, is also proved by Hayden and others.
It appears impossible, therefore, to draw the line satistactorily without
the aid of paleontology ; but here, while evidence of interruption is clear,
from the relations of the plants and vertebrate animals, it is not identi-
cal in the two cases, but discrepant. I therefore append a synopsis of
the views expressed by authors, with a presentation of the evidence
which is accessible in my department. I am aware that the combination
I shall make is of a highly inflammable character, because it not only
relates to the most combustible deposits of the West, but also to the
¢ partie honteuse” of contemporary geologists and paleontologists. But
should any inflammation ensue, I hope it will be attributed to the nature
of the materials employed, rather than to any inattention on the part of
the author to the just claims of his friends.

Hayden has named the following as distinet epochs of transitional
character, all of which he originally referred to the Tertiary period. I
give them in the order of age which he has assigned to them.f (1.)
Placer Mountain ; locality, New Mexico. (2.) Calion City coals,Southern
CentralColorado. (3.) Fort Uniou,or Lignite group ; Dakota, Montana,
and Wyoming. (4.) The Bitter Greek series ; emi)racmg the Bitter.
Creek coals, Wyoming. (5.) Bear River group, Western Wyoming.
To these may be added the Judith River beds of Montana, which Dr.
Hayden has placed with reservation below the Fort Union series, leav-
ing their final location for future discoveries.

* Hayden’s Annual Report, 1870, p. 167.

t For a review of the extinct reptlles of this epoch see the anthor’s Extinct Batrachia,
Reptilia, &c., N. Am., 1570.

tGeologlcal Survey of Co]orado, 1869, p. 90.
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No vertebrate remains having come under the author’snotice from the
Placer Mountain and Caion City formatious, no further notice can be
here taken of them beyond the statement that they are, as Meek indi-
cates, of Cretaceous age, not far removed from the horizon of the coals
of Weber River, Utah. The presence of ammonites and baculites above
and below themn has indicated such a conclusion to Leconte,* as it has
in the case of the Weber River beds to Dr. Hayden.t To near the same
horizon is perhaps to be referred the coal observed by Professor Marshi
on the south side of the Uintah Mountains in Utah, which were overlaid
by strata containing Ostrea congesta. This may, indeed, be referred to a
still older period, as that oyster is characteristic of No. 3, according to
Meek and Hayden. The Placer Mountain and Cafion City groups are
nearer to No. 5, but the precise relation to it has not yet been deter-
mined. I therefore proceed to the Fort Union group as No. 6.

This extended deposit is stated by Hayden§ to extend from the Mis-
souri Valley to Colorado, passing under Tertiary beds by the way. That
this is the case has been confirmed by the researches conducted in the
northern and eastern portions of Colorado during the season of 1873 by
the writer.|| I present comparativelists of the vertebrate species known
from the Platte and Missouri Valleys in the respective Territories :

COLORADO. DAKOTA.
Compsemys victus. Compsemys victus.
Adocus lineolatus. Adocus lineolatus.
Plastomenus punctulatus. Plastomenus punctulatus.
Plastomenus insignis. * *
Trionyx vagans. Trionyx vagans.

* * Ischyrosaurus antiquus.

» * Plesiosaurus occiduus.
Bottosaurus perrugosus. * *
Polyonax mortuarius. * *
Cionodon arctatus. * »

? Hadrosaurus occidentalis. Hadrosaurus occidentalis.

The identity and correspondence of the species indicate that these
remote localities contain the remains of the same fauna. Further, the
presence of the orders Sauropterygia and Dinosauria establishes conclu-
sively the Cretaceous and Mesozoic character of that fauna.f This
reference was made by the writer in 1869, and was at that time opposed
to the views extant, both geological and paleontological. The following
exhibits the state of opinion on this point at that time:

1856. Meek and Hayden, Proceedings Academy Philadelphia, p. 63,
referred them to the Tertiary.

1856. Meek and Hayden, loc. cit., p. 255 ; Lignite referred to the Mio-
cene.

* Report on the Geology of the Smoky Hill Pacific Railroad Route, 1868, p. 66.

t Annual Report, 1870, p. 168.

t See an interesting article by Prof. O. C. Marsh on the Geology of the Eastern Uintah
Mountains ; Amer. Jour. Sci. Arts, March, 1871.

§ Annual Report, Colorado, 1869, p. 89.

|| See Bulletin of the United States Geological Survey, 1874, p. 10, '

91 Two species are provisionally referred to the Tertiary genus Plastomenus, but are too
fragmentary for final determination.

28as



434 GEOLOGICAL SURVEY OF THE TERRITORIES.

1866. Meek and Hayden, loc. cit., 113 ; referred to Lower Tertiary.

1856. Leidy, loc. cit., p. 312; Thespesius occidentalis, (Hadrosaurus,)
referred to the Mammalia and regarded as perhaps Dinosaurian.

1856. Leidy, loc. cit., 1856, p. 89; Ischyrosaurus referred to the Mamma-
lia as a Sirenian. } , .

1860. Hayden, Transac. American Philosoph. Society, repeats former
conclusions, and Leidy refers Thespesius more decidedly to the Sauria.

1868. Hayden, Amer. Journal Science Arts, 1868, p. 204; Lignites, re-
garded as Tertiary, from both vegetable and animal remains trom the
Missouri and the Laramie Plains.

1868. Leconte, Exploration of the Smoky Hill R. R. Route, p. 65; the
Colorado beds are ‘“older than those of the Missouri or Great Lignite
bed of Hayden, which are probably Miocene,” &c.

1869. Cope, Trans. Amer. Philos. Soc., pp. 40, 98, 243 ; supposed mam-
malian remains proved to be reptilian, and the formation referred to the
Cretaceous. '

1871. Newberry, in Hayden’s Annual Report, pp. 95, 96; Lignite flora
regarded as Miocene. .

1874. Cope, loc. supra cit.; Lignite of Northern Colorado referred to
the same horizon.

The Judith River beds may be noticed in this connection. They have
yielded but few vertebrate remains, namely, six species of Reptilia. Four
of these are Dinosauria, and hence diagnostic of the Mesozoic age of the
formation. The presence of aspecies, Hadrosaurusmirabilis, Leidy, closely
allied generically and specifically to a speeies (H. foulkei) of Cretaceous
Nos. 4 and 5 of New Jersey, induces me to believe that the formation is
Cretaceous, and such would appearto have been the suspicion of Messrs.
Meek and Hayden when they originally described the deposit and its in-
vertebrate fossils. Leidy suspected that the species ¢ indicate the exist-
ence of a a formation like that of the Wealden in Europe.”* Meek and
Haydent remarked, ¢ We are inclined to think with Professor Leidy that
there may be at the base of the Cretaceous system a fresh-water forma-
tion like the Wealden. Inasmuch, however, as there are some outliers
of fresh-water Tertiary in these lowlands, we would suggest that it is
barely possible these remains may belong to that epoch.” From the
.stand-point of the writer, these beds would be at the top of the Creta-
ceous, and more or less related to the Fort Union epoch. Mr. Meek ex-
presses himself§ cautiously with reference to the age of the Fort Union
and Judith River formations, as follows: “The occurrence of” fossils
specified ¢ 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 locali-
ties may also be Upper Cretaceous instead of Lower Tertiary. That the
Judith River beds may be Cretaceous, I am, in the light of all now
known of this region of the continent, rather inclined to believe. But
it would take very strong evidence 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 indicated not
only by the modern affinities of their molluscan remains, but also by the
state of preservation of the latter,” &c. It is thus evident that the
paleontologists as well as stratigraphers have continued to regard the

* Proceedings Academy Philadelphia, 1856, p.73.

t Loc. cit., 1856, p. 114.
{ Hayden’s Annual Report, 1872, p. 450.




coPE.] PALEONTOLOGY—CRETACEOUS PERIOD—AGE: 435

Lignite series as Eocene and not Cretaceous, as is and has been main-
tained by the writer since 1868.

VII. THE BI1TTER CREEK SERIES, mentioned by the writer as a dis-
tinct group in the Proceedings of the American Philosophical-Society,
1872, (published on August 12,) is apparently regarded by Mr. Meek
also as representing a distinet epoch.* He says, ¢ The invertebrate
fossils yet known from this formation are in their specific relations, 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.” On this account, and because of the:
great stratigraphical differences exhibited by the Bear River and Evans-
ston coal-strata, I have followed Hayden in regarding the Bear River
group on the west side of the Bridger basin as representing a distinct
series of rocks, with present knowledge. On this account I omit, as
heretofore, allusion to determinations of age of the latter formation as
irrelevant in discussing the age of the Bitter Creek epoch.?t

My own observations on the relations of these rocks, made during
the summer of 1872, have been in measure anticipated by the detailed
reports of Messrs. Meek and Bannister,j which, with the older observa-
tions of Dr. Hayden and Mr. Emmons, (of King’s survey,) leave little
to be added. However, as none of these gentlemen paid especial atten-
tion to the vertebrate paleontology, the bearing of this department in
relation to the stratigraphy remains to be explained.

As Dr. Hayden remarks, the Union Pacific Railroad, at Black Butte
station, passes through a monoclinal valley, the rocks on both sides
having a gentle dip to the southeast. This dip continiues to the east-
ward to near Creston, where the beds pass under the newer Tertiary
strata. Following the railroad westward from Black Butte, the same
dip continues to near Salt Wells, where we cross an anticlinal axis, the
dip of the strata being gentle to the northwest. There are minor vari-
ations in the dip, but the general result is as stated. They disappear
five miles east of Rock Spring station, beneath the latter beds of the
Green River Tertiary, which at this point presents a line of strike ex-
tending northeast and southwest across the railroad in the form of a
range of bluffs of considerable elevation. They are composed of lighter-
colored and softer material than the Bitter Creek strata. The latter
consists of alternating beds of hard and soft sandstone, with argillaceous
and earbonaceous strata. The upper part of the series contains eleven
coal-strata ; at Rock Spring I was informed that the upper was ten feet
in thickness, and the next four feet. Returning eastward, the heavier
bedded sandstone is low in the series at Point ot Rocks, in consequence
of the southeast dip; and the upper beds are softer and abound in fossil
shells. At Black Butte station, the heavy sandstone bed disappears
from view toward the east, and the eleven coal-strata appear above it.
About twenty feet above the sandstone, between two of the thinner
beds of coal, the bones of the Agathaumas sylvestris were found immbedded
in leaves and sticks of dicotyledonous plants, cemented together by
sand and clay. Where the heavy sandstone bed disappears below the
level of the track of the railroad, in the course of its eastern dip, a thin

* Hayden’s Annual Report, 1872, pp. 459, 461, published April, 1873.

1 This course has been misunderstood by Mr. Meek and others as implying a design
to ignore those determinations. Both Mr. Emmons and Mr. Meek are clear in the ex-
pression of their conclusions as to the age of the Bear River epoch.

{ See Hayden’s Annual Report, 1872, pp. 457, 525.
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bed of coal just above it soon follows; then a bed of shells containing
oysters, more and less numerous at ditferent points, may be traced for
some distance betore it also disappears. Near the latter point, a bed of
melanian and other fresh-water shells is seen a few feet above them.

A section, carried for eight miles south of Black Butte station, exhib-
its the relation of the Bitter Creek series to the superincumbent Tertia-
ries very instructively. The whole series rises slightly to the southward,
‘and more distinctly to the westward, so as to form an escarpment as the
eastern border of an open valley, which extends south from the railroad
just west of the station. The heavy bed of sand-rock is here as else-
where the landmark and stratigraphical base-line. Moving south from
the railroad, we keep along the strike of the lower coal-beds. Just
above the sandstone bed the softer stratum thickens, and six miles from
the station is covered with the débris of immense numbers of Leptesthes
crassatelliformis. Passing over the edges of the strata toward the south-
east, I counted eight beds of coal, separated by various short intervals,
the eighth being the heaviest, and five or six feet thick. Above this one,
three thin beds of lignite were crossed in succession, each accompanied
with an abundance of leaves of chiefly dicotyledonous plants. Then
came the ninth bed of coal, and then in order three more beds of lignite,
with abundant leaves. During this time the ascent became less steep,
and a number of level tracts were passed before reaching the upper bed
of lignite. Beyond this I passed another short flat, which was marked
by a number of worn banks of the light ash-color that distinguishes the
material of the bluffs of the Green River Tertiary which overlie the coal-
series near Rock Springs. I had not ridden a quarter of a mile before
reaching a low line from which one of my men picked up a jaw of a -
small mammalian allied to the Bridger Hyopsodus, or Hyracotherium of
the Eocene of France and Switzerland, and a number of Paludina-like
shells. I had thus reached the summit of the Bitter Creek formation,
which did not appear to be much more than three hundred and fifty feet
above its base at the railroad. In full view, a mile or two to the south,
‘rose the first of the benches which constitute the levels of the Green
River formation. Between this and the first mammal-producing bed
rose three banks, one beyond the other, measuring altogether one hun-
dred and twenty feet; perhaps the lowest was ten feet above the first
bank, and this one not more elevated above the last lignite and leaf bed.
In all of these, I found bones of Green River Vertebrata exceedingly
abundant, but all dislocated and scattered, so as to be rarely in juxta-
position’. These consisted of the following species:

FisHES:
Clastes (?) glaber.

REPTILES :
Emys megaulax.
Emys pachylomus.
Emys euthnetus.
Trionyx scutumantiquum.
Alligator heterodon.

MAMMALS :

Orotherium vasacciense, and fragments of others too imperfect for
determination.

In the third bank, in immediate juxtaposition with the remains just
enumerated, I found another thin bed of lignite, but this time without
any visible leaves. In a fourth line of low bluffs, a little beyond, I found
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that remarkable mammal Metalophodon armatus, with its dentition nearly
complete, in connection with fragments of other mammals and reptiles.

Behind these rises the first line of white bluffs, already described,
which extends away to the east; to the west it soon terminates in a
high esearpment, in north and south line with that of the Bitter Creek
beds, already mentioned as bounding a north and south valley. This
and the superjacent strata, which we pass over in going south, appear to
be conformable to those of the Bitter Creek series beneath them. I say
¢ appear,” for slight differences of dip are not readily measured by the
eye; yet 1 suspect that the conformability is very close, if not exact,
and similar to that mentioned by Meek and Bannister as exhibited Ly
the beds of the Washakie group, which lie upon the coal-series east of
Creston. The white bluffs add perhaps one hundred feet to the eleva-
tion. On their summit is a thin bed of buff clay and sand rock, similar
to the upper strata of the Bitter Creek series, and containing numerous
shells and some scattered teeth and scales of fishes. I .called Mr.
Meek’s attention to the specimens of these shells which I sent him, and
his reply was that most were of identical species with those of the coal-
series, Cretaceous, and that they presented no general peculiarity.

At a short distance to the southward, another line of white bluffs
extends across the line of travel. This is not more elevated than the
preceding one ; I only found remains of tortoises onm it. Several miles
to the south we reach another bench, whose bluffy face rises four or
five hundred feet in buttress-like masses, interrupted at regular intervals
by narrow terraces. This line is distinguished for its brilliantly-colored
strata, extending in horizontal bands along the escarpment. They are
brilliant cherry-red, white, true purple, with a bloom-shade, yellow, and
pea-green, forming one of the.most beautiful displays I ever beheld. The
lower portions are bright-red, which color predominates toward the westy
where the blufts descend to a lower elevation. I found onthem remains
of a tartle, (Emys euthnetus, Cope,) and some borings of a worm in a hard
layer. On top of these are clay and slate rocks of a muddy-yellow color,
with their various ledges rising to perhaps two hundred feet. Continu-
ing now to the southeastward along the old stage-road, we cross South
Bitter Creek at the old Laclede station. Some miles south and east of
this point we cross a band of buff sandstones, forming a bluff of fifty or
more feet in elevation. Below it lie more white or ashen beds, which
contain remains of mammals and turtles rather decayed. A short dis-
tance beyond these, and forty miles from Black Butte station, we reach
the base of the enormous pile of sediment which I have called the
Mammoth Buttes. These form a horseshoe-shaped mass, the concavity
presenting south and eastwardly, the summit narrow, serrate, and most
elevated to the east, and desending and widening toward the south.
I estimated the helght of the eastern end to be at least one thousand
feet above the plain surrounding it. Numerous mammmalian remains*
demonstrated that this mass is a part of the Bridger Eocene, although,
as Mr. Emmons, of King’s survey, informs me, no continuous connection
with the principal area west of Greeu River can be traced. The total
thickness of the Green River and Bridger formations on this section
cannot be far from twenty-five hundred teet, at a very rough estimate.

- The point of transition from the Oretaceous to the Tertiary deposits,
as indicated by the vertebrate remains, is then in the interval between
the last plant-bed at the summit of the buff mud-rocks and the mam-
mal-bone deposit in the lowest of the ash-gray beds. Below this line

* See The Monster of Mammoth Buttes, Penn Monthly Magazine, 1873, August.
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the formation must be accounted as Cretaceous, on account of the pres-
ence of the Dinosaurian Agathaumas sylvestris ; and those above it, as I
have already pointed out, Eocene,* on account of the types of Mamma-
lia contained in them.

The authorities on the Bitter Creek formation have presented views
more or less at variance with those entertained by the writer, or of such
dubious character as to fall very far short of the requirements of evi-
dence. Dr. Hayden has regarded them as Tertiary and as transitional
from Cretaceous to Tertiary. Mr. King, in his very full article on the
Green River basin, definitely refers the lower part of the series to the
Cretaceous, in the following language : t ¢ We have, then, here the upper-
most members of the Cretaceous series laid down in the period of the
oceanic sway, and quite treely charged with the fossil relics of marine
life; then an uninterrupted passage of conformable beds through the
brackish period up till the whole Green River basin became a single
sheet of fresh water.” He regards the line of the upper bed of oysters
as the summit of the Cretaceous, and the superimposed beds as Tertiary,
in the following language, (p. 453:) “ while the fresh-water species,
which are found in connection with the uppermost coal-beds, seem to
belong to the early Tertiary period.” He thus places the line some dis-
tance within what I have regarded as the Cretaceous boundary; what
the significance of this conclusion is will be subsequently considered.

Mr. Lesquereaux, as is known, regards these Leds as Tertiary, not
only on account of their vegetable fossils, but also on' account of the
stratigraphic relations of the formation. His conclusion to this effect is
consistent throughout, and is a fact of the highest importance in this
connection. .

Mr. Meek has fully discussed the age of this series in his interesting
article in Hayden’s Annual Report for 1872, the general tenor of which
is indicated by the passage I have quoted from the opening of his re-
marks in the beginning ot the present notice of the Bitter Creek beds.
His opinions may be cited as follows: In the Annual Report for 1870, he
determined the beds visible at Hallville as Tertiary ; in that of 1871,
three species of oysters from other parts of the Bitter Creek beds are
placed in the Cretaceous list, each one with question as to the identifica-
tion of species, a point, it is to be noticed, equivalent in the case of
oysters to question of the age of deposit. The remarks in his report, as
well as those in Mr. King’s report, refer either to the much lower Weber
River coal or to the different area of the Bear River group, and are con-
sequently noticed under that head.

In a paper on the age of these beds, published August 12,1872, the
writer asserted the Cretaceous age of the series. On- this Dr. Bannis-
ter, the companion of Mr. Meek, writes} that ¢ Mr. Meek, and, I believe,
Mr. Emmons also, had considered that these beds might be Cretaceous,
but this was rather on account of the change in 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 the identification by
Professor Cope of the saurian remains found by us at Black Butte.”

It only remains to observe that'the strata and coal of the Bitter Creek
group of the Cretaceous are either wanting on the western and southern

*On Bathmodon, an extinct genus of ungulates, Feb. 16, 1872, Hagden’s Annual
Report, 1870, p. 4% ; Annual Report, 1872, p. 645.

t Exploration of the Fortieth Parallel, p. 458,

{ Annual Report, 1872, p. 534.
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borders of the Green River basin, or are concealed by the saperincum-
bent Tertiaries. Instead of these, a comparatively thin bed of appar-
ently unfossiliferous quartzite or sandstone lies at a high angle against
the bases of the Uintah* and Ham’s Fork Mountains respectively, on beds
of Jurassic age, which are probably Cretaceous No. 1, (Dakota.) The beds
observed by Professor Marsh on the south side of the Uintah Mountains,
on Brush Creek, belong neither to the Dakota nor Bitter Creek epochs,
but perhaps to No 3, if, as Professor Marsh asserts, the oyster found in a
superjacent stratum is Ostrea congesta, Con.; it is in any case of no later
date than the Canyon City or Weber River coals. Hence the assumption
of some writers that this discovery determined the age of the Bitter Creek
series to be Cretaceous is without foundation in fact.

VIII. THE BEAR RIVER GROUP of Hayden occupies, according to
him, a distinct basin, to the west of an anticlinal axis, which separates
it from that of Green River. It is buried under Tertiary beds, the age
of which has been a question of interest,and will be hereafter considered.
In order to determine the relations of the two basins, a section was car-
ried across the rim of the eastern, starting from the Fontanelle Creek,
eighty miles north of the Union Pacific Railroad, and continuing toward
the upper waters of Ham’s Fork of the Green River to the westward.
My notes are as follows:

The beds of the Green River epoch dip gently from the point where
my last notes left them near the Rock Spring station, toward the
northwest all the way to Green River. The upper strata become slaty
in character, and descend to the water-level at the river, where they
form a high bluff. In these slates occur the fish-beds discovered by Dr.
Hayden, as well as the insect-beds noticed by Messrs. Denton and Rich-
ardson. They are worn into towers and other picturesque forms at
Green River City. (See Hayden’s Annual Report, 1870.) Passing north
from the railroad, up the valley of Green River, the slates display a gen-
tle dip to the north, and eighteen miles beyond have disappeared from
view. On both sides of the river, huge mesas of the Bridger formation
come into view; those on the east extending to the Big Sandy River,
and those on the West to Ham’s Fork. At Slate Creek, farther to the
north twenty miles, a yellowish-brown sandstone rises into view, and
continues to increase in importance toward the north. At the mouth
of Fontanelle Creek, it rises on the east side of the river to a height of
perhaps two hundred and fifty feet, but sinks toward the north and
east from near the mouth of Labarge Creek, fifteen miles up the river.
North of Labarge, a similar bed of sandstone rises again, and is imme-
diately overlaid by white shales resembling those of the Green River
epoch, which have here a great thickness. Opposite the mouth of the
Labarge, their lower strata are bright-red, but on the west side of the
river the sandstone only is visible. All the beds rise to the north, the
red beds forming the summits of the cliffs in that direction.

In passing up Fontanelle Creek to the westward, the heavy beds of
buff sandstone gradually descend, and the white shales come into
view. I examined the former for lignite and coal, but found none.
There are several thin beds of a tough carbornaceous material in the
white shales, (which I take to be of the Green River epoch.) Inthelower
strata, in this locality as well as on the east side of Green River, above
the mouth of Labarge Creek, are numerous remaiuns of fishes similar to
those of Green River City, with insects and their larve, shells like Pupa

* See Hayden’s Annual Report, 1870 ; Marsh, American Journal of Science and Arts,
March, 1871.
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aud Cyrena, and millions of Cypris. The larve are dipterous, some
nearly an inch long, and others minute,and in prodigions numbers. With
them are found stems of plants, but no leaves. These beds rise with a
.very gently dip, and twenty miles from the mouth of the creek terminate
against steeply-inclined strata of earlier age. At this point the lower beds
exhibit the bright-red colors that are so often seen in the lower parts of
the formation at other points. The uplifted beds form aridge of high
hills having a north by east and south by west trend, through which the
Fontanelle cuts its way in a deep caiion. This range is monoclinal, the
strata dipping 45° east, and their outcrop on the summit and eastern
face. The first bed which forms the surface of theincliune is rather thin,
and is composed of a reddish quartzite without fossils. no doubt of Cre-
taceous age. DBelow it is a stratum of highly fossiliferous blaish lime-
stone of Jurassic age, containing Pentacrinus asteriscus, M. and H.; T'ri-
gonia, &c. Below this a reddish sandstone presented a similar thickness,
which may represeunt the Trizs, which rests on a bluish-shale formation.
‘We have now reached the base of the western side of the hills; from
their summit we bave had a beauntiful and interesting view of geological
structure. The valley, of three or four miles in width, is bounded on the
west side by a range of low mountains, whose summits are well-tim-
Lered. The valley is excavated at an acute angle to the strike of the
strata, so that as far as the eye can reach to north and south successive
hog-backs issue en échelon from the western side, and run diagonally,
striking the eastern side many miles to the southward. At the caiion
of the Fontanelle, six of thes2 hog-backs occupy the valley, and the num-
ber varies as we proceed down the valley. The structure changes from
the samme cause as we explore in either direction. The dip of all these
hog-back strata is to the west and slightly north, less steep at the eastern
side, but reaching 45° and. a still higher angle at the middle and west
side of the valley. There appears to be an anticlinal near the base of
the eastern range, which has been deeply excavated; from its western
slope (in the valley) the upper beds, even in the castern range, have
been carried away, leaving only probable Triassic and Carboniferous
strata exposed. In one of these latter I found a well-marked horizon of
carbonaceous shales extending as far'as 1 explored them., Toward the
western side of.the valley, the descending strata are sandstones, but
whether identical with that of the eastern hills of Cretaceous age I could
not ascertain. - Lower down the valley (to the south) similar beds form
.a high vertical wall of very light color, the scenery resembling that of
the Garden of the Gods in Colorado. I suspect that the existence of
more than one fold can be demonstrated in these hog-backs and mount-
ains.

The resnlt which bears on the history of the Bear River group is, that
on this side of the Green River basin the Bitter Creek epoch is either
wanting or represented by a thin layer of red quartzite, (or perhaps
Cretaceous No. 1,) and that no coal of Cretaceous age exiscs along its
western rim. After following the valley to Ham’s Fork River, and pro-
ceeding a short distance along it toward the southeast, I crossed a thin
bed of coal in the upturned edges of the same beds crossed in the valley
above. The discovery of the extension of the fish and insect beds sixty
miles north ot the principal localities is a point of interest in Tertiary
geology.

- The Ham’s Fork Mountains form the divide between the waters of
Green and Bear Rivers respectively, and are passed by the Union Pacific
Railroad at and west of Aspen station, as is described by Dr. Hayden,
(Annual Report for 1870, p. 149.) He here points out that the distinctness
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of the vwo basins was marked during the Tertiary period, and hence
names the deposits of the western area the Wahsatch group, regarding
it at the same time as synchronous with those of the Green River epoch.
The writer has .attained the same opinion on paleontological grounds,
and has hence employed the same name for both areas, namely, the
Green River epoch.* - )

As already stated,t the upper or red-banded Tertiary beds of this local-
ity yielded the following species:

Perissodactyle bones, two species.

Orotherium vasacciense.

Crocodilus, sp.

Alligator heterodon.

Trionyx scutumantiquum.

Emys testudineus.

gravis.
Clastes (1) glaber.
Unio, two species.

The lower sandstone beds yielded the following mammals:

Bathmodon radians.
semicinctus.
latipes.

Orotherium index.§

Phenacodus primevus.

- West of the contact of Bear River with the Tertiary bluffs, the strata
consist of sandstone and conglomerates, and dip at about 30° to the
northeast. Iive hundred feet vertically below the Bathmodon bed, a
stratum of iinpure limestone crops out, forming the slope and apex of a
portion of the bluff. In this I found the tollowing vertebrates:

Reptiles: Trionyx scutumantiquum. Fishes: Rhineastes calvus.
Emys ¢ euthnetus. Clastes glaber.

In comparing this list with that given for the lower beds of the Green
River epoch, where they overlie the Bitter Creek coal, such resemblance
may be observed as is sufficient to indentify the two series.

This is the nearest to a determination of the age of the Evanston
coal-bed, which Hayden regards as the most important west of the Mis-
souri River, that I have been able to reach. From the limestone just
described to the coal-bed, two miles to the west, the strata are very sim-
ilar in character, and apparently conformable, so that they appear to be-
long to the same series. Dr. Hayden confesses his inability to correlate
them with those of Bear River City and Weber River, but discovered
remains of plants which were identified with some of those known to
occur in the Fort Union beds, on the Laramie Plains, and the Upper
Missouri. If this be the case to a sufficient extent, the Evanston coal
must be referred to that division of the Cretaceous period. This con-
clusion is, however, only provisional, and Dr. Bannister’s remarks* are
much to the point. He says, ¢“In the upper beds northeast of Evans-
ton,” (the ones I describe above,) ¢ there seems to have been a consider-
able disturbance besides the mere tilting of the beds, and from the altered
direction of the strike § we were led to suspect considerable lateral dis-

* Proceedings Acad. of Nat. Sciences, 1872, p. 279. -

t Proceedings American Philosophical Society, 1872, p. 473.
i Cope, Paleontological Bulletin, No. 17, 1873. .

§ Hayden’s Annual Report, 1872, p. 541.
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placement with faulting, which might very possibly cause the appearance
of the same beds both here and at the coal-mines, although at first sight
these would appear much higher in geological position. * * * Tdo
not know the grounds of Professor Cope’s reference of the coal at this
point to the Cretaceous, while he admits the Tertiary age at least of
some of the overlying sandstones; but as we found no break nor 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 conform-
able to the maiu coal, the facts, so far as they are known to me, do not
seem sufficient for such identification.” This point offers, therefore,
a more complete coutinuity in stratification and mineral character from
the Cretaceous to Tertiary deposits than any other which I have had the
opportunity of examining.

CONCLUSION.t

Having traced the transition-series of the coal-bearing formations
of the Rocky Mountain region from the lowest marine to the highest
fresh-water epochs, it remains to indicate coneclusions. 1 have alluded
but cursorily to the opinions of Mr. Lesquereux and Dr. Newberry as
based upoun the study of the extinct flora. They have, as is well known,
pronouuced this whole series of formations as of Tertiary age, and some
of the beds to be as high as Miocene. The material on which this de-
termination is based is abundant, and the latter must be accepted as de-
monstrated beyond all doubt. I regard the evidence derived from the
mollusks in the lower beds and the vertebrates in the higher as equally
conclusive that the beds are of Cretaceous age. There is, then, no alter-
native but to accept the result that a Tertiary flora was contemporaneous
with a Cretaceous fauna,} establishing an uninterrupted succession of life
across what is generally regarded as one of the greatest breaks in geo-
logic time. The appearance of mammalia and sudden disappearance of
the large Mesozoic types of reptiles may he regarded as evidence of
migration, and not of creation. It is to be remembered that the smaller
types of lizards and “tortoises continue, like the crocodiles, from Meso-
zoic to Tertiary time without extraordinary modification of structure.
It is the Dinosawria which disappeared from the land, driven out or
killed by the more active and intelligent mammal. Herbivorous reptiles
like Agathaumas and Cionodon would have little chance of successful
competition with beasts like the well-armed Bathmodon and Metalophodon.
There is good reason for believing that this incursion of mammalia
came from the south.

It then appears that the transition-series of Hayden is such not only
in name but in fact, and that paleontology confirmns, in a highly satis-
factory manner, his conclusion, ¢ already shown many times, that there
is no real physical break in the deposition of the sediments between the
well-marked Cretaceous and Tertiary groups.” §

* Hayden’s Annual Report, 1872, p. 541.

t See Bulletin U. 8. Geol. Survey Terrs., No. 2, p. 16. '

{ The circumstance of the discovery of a mesozoic dinosaur, Agathaumas sylvestris,
with the cavities of and between his bones stuffed full of leaves of Eocene plants,
(Lesquereux,) would prove this proposition to be true, had no other fossils of either
kind ever been discovered elsewhere. .

§Annual report, 1870, p. 166. For instance, Geol. Surv. Colorado, 1869, p. 197, Dr.
Hayden observes, * There is no proof, so far as I have observed in all the Western
country, of true non-conformity between the Cretaceous and Lower Tertiary beds, and
no evidence of any change in sediments orany catastrophe sufficient to account for the
sudden and aPpa,rently complete destruction of organic life at the close of the Creta-
ceous period.’ : . -
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Since the above was written, a paper * by Prof. J. S. Newberry has
appeared, in which he gives full expression of his views as to the ages
of the different extinet floras of the West. He points out clearly that
the flora of the Fort Union beds is part of that which is extensively
distributed over the northern hemisphere, and which is believed to char-
acterize the Miocene period in Europe. He states that characteristic
structural parallelisin between American and European plants does not
obtain in the preceding periods of the Eocene and Cretaceous, and that
the flora found in the lower part of our Cretaceous formations, as deter-
mined by animal remains, is ¢ somewhat more closely allied to the Ter-
tiary flora thau are the plants found in the Cretaceous of Europe.” He
does not make any botanical determination of the age of the fossil
plants of the Bitter Creek series, nor of the lignite beds of Colorado.
He, however, objects to regarding any of the floras found below the Fort
Union formation as Tertiary in the following language, (p. 402:) ¢ The
lignites and plant-beds of New Mexico, which I have talled Cretaceous,
but which are referred by Mr. Lesquereux to the Tertiary, are, for the
most part, derived from the lower portions of our Cretaceous series, and
are overlaid by many hundred feet of strata unquestionably Cretaceous,
in which all the typical forms of Cretaceous animal life are abundantly
represented. Whether the great lignite deposits of Colorado should be
considered Tertiary or Cretaceous, it is perhaps not yet possible to
decide ; but in the absence of any distinctive or unmistakable Eocene
plants, if the strata which contain them shall be found to include verte-
brates or mollusks which have a decidedly Mesozoic character, we shall
be compelled to include them in the Cretaceous system. Mr. Lesque-
reux has met the statements of Professors Meek, Cope, and Marsh by
pointing to his two hundred and fifty species of tossil plants, claiming
that they far outweigh the testimony of the animal remains. 1n fact,
however, these fossil plants have very little bearing on the question.
They are probably all distinct from European Cretaceous and Eocene
species, and the genera to which they are supposed to belong afford
only negative evideuce of the strata that contain them.”

Thus it is evident that Professor Newberry appeals to the evidence
furnished by the animal remains as basis of determination of the epochal
“ type of the contemporary vegetable life. In further illustration of his
view he says, (p. 404:) ¢ Whatever plants are found with Zeuglodon
cetoides, Cardita planicosta, Orbitoides mantellii, &c., we must accept
as Eocene, even should they have no intrinsic Eocene characteristic.
So in regard to our Cretaceous flora. While it is altogether new, its
varied character and modern aspect simply give us a new revelation in
regard to the vegetation of the Cretaceous world ; for, while the fauna of
that world contains Ammonites, Baculites, Inoceramus, &c., we are forced
to call it Cretaceous.”

It certainly appears to me to be introducing a new element into pale-
ontological reasoning to estimate the age of one class of fossils by refer-
ence to the structural characters of another. Every flora and fauna, and
every genus in them, offers its own intrinsic evidence as to age or relation
to other genera of preceding, contemporary, and succeeding time; and
all that we can affirm of the relations of the life of any given deposit
or age are the sums or results of the various parts of such flora and
fauna. In the present case, the evidence brought forward by Dr. New-
berry from his own stand-point as a distingunished student of extinct veg-
etation, and upon which I necessarily rely, is: (1.) That the floras of the

* American Journal of Science and Arts, 16874, p. 399,
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European Eocene and Cretaceous are not represented on this continent
so far as known. (2.) That the flora found below the remains of a’'Cre-
taceous fauna more nearly resembles the TeTtiary flora than it does that
of the European Cretaceous. (3.) That the flora of the Fort Union beds
is undoubtedly Miocene. i

These facts are confirmatory of my previous conclusion, ¢ that a Ter-
tiary flora was contemporary with a Cretaceous fauna in the transition-
period of the Rocky Mountains.” If a flora below the Cretaceous of New
Mexico resembles a Tertiary one, how much more probable is it that the
floras of the Lignites of Colorado and Wyoming are such, as they are
known to be of later age than those of New Mexico, and to be at the
summit of the Cretaceous series, as indicated by animal remains. And
if the flora of the Fort Union beds be Miocene, that of the identical horizon
in Colorado must be Miocene also; and if the vegetation below this flora
be so distinct from it, what is more probable, according to the evidence
adduced by Dr. Newberry, than that they are Eocene, as maintained by
Mr. Lesquerenx? That such should be the case is in harwoney rather
than in conflict with the facts presented by the existing life of the earth,
where we have the modern fauna of the northern hemisphere contempo-
rary with a partly Eocene and partly Mesozoic fauna in the southern.

Prof. J. W. Dawson, in his late interesting anuual address before
the Natural History Society of Montreal, thus comments on the ubove
conclusion.* He says that the mixture of Mesozoic animals with Terti-
ary plants ¢ depends on the general law that in times ot continental
elevation newer productions ot the land are mixed with more antique
inhabitants of the sea.” * * «Thus it must have bappened that the
marine Cretaceous animals disappeared first from the bigh lands and
lingered longest in the valleys, while the life of the Tertiary came oun
first in the hills, and