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PREFATORY NOTE. 

The Bulletin of the Survey was commenced in 1874 for the purpose of 

- giving to the world, more rapidly than through the Annual Reports, the 

vast amount of new material which was constantly accumulating under 

the auspices of the Survey, and, in most instances, demanding prompt 

publication. When the first and second numbers were printed, it was 

not expected that it would continue long, or be issued with any regu- 

larity, hence the paging is not consecutive; but its success was so great 

that it commenced the year 1875 as a regular serial, and it will be seen 
that six numbers have been issued of about five hundred closely-printed 

octavo pages, with twenty-six pages of maps, sections, and other illus- 

trations, with table of contents and full index. It is suggested that the 
entire eight numbers for 1874 and 1875 be bound in one volume as vol. 

I; and the table of contents and index have been prepared with that 

idea in view. During the year 1876 the Bulletin will be continued, the 
paging will be consecutive, and the illustrations numbered in their order 

so far as it is possible to do so. 
“Most of the articles in the Bulletin will not be reprinted, especially 

the more technical ones: but those of a popular character will appear 

again in the Annual Reports, usually much enlarged and improved. 

It is to be hoped that the numbers already issued and distributed, 

both in this and foreign countries, have been preserved, inasmuch as 

several of them are already out of print and will not be re-issued. 
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PHILADELPHIA, December 18, 1873. 

Sir: I send herewith a report on the stratigraphical relations and 

vertebrate paleontology of the formations which represent the Pliocene 

epoch, as at present understood, in Northeastern Colorado. This essay 

is based upon material collected by myself during a part of the summer 

of 1873, under the auspices of the Geological Survey of the Territories, 

of which you are director. Hoping that it will subserve the objects of 

the survey, I remain, with respect, 

EDWARD D. COPE, 

, Paleontologist. 
Dr. F. V. HAYDEN, 

Director of the U. S. Geological Survey of the Territories. 
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REPORT ON THE STRATIGRAPHY AND PLIOCENE VERTEBRATE PALE)NTOLOGY 
. OF NORTHERN COLORADO. 

BY EDWARD D. COPE, A. M. 

The water-shed between the South Platte River and the Lodge-Pole 
Creek, is composed superficially of formations of 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 Julesburg, Nebraska. 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 a line of blutts 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 west direction for at least sixty miles.* At various points 
along it portions have become isolated through the action of erosion, form- 
ing buttes. Two of these at the head of Little Pawnee Creek are espec- 
ially conspicuous landmarks, forming truncate cones of about nine hun- 
dred feet in elevation, as Mr. Stevenson of the survey informs me. 
They are called the Pawnee or sometimes the White Buttes. Near 
them stand two others, the Castle and Court-House Buttes. 

The upper portion of this line of bluffs and buttes is composed of the 
Pliocene sandstone in alternating strata of harder and softer consist- 
ency. It is usually of medium hardness, and such beds, where exposed, 
on both the Lodge-Pole and South Platte slopes of the water-shed, ap- 
pear to be penetrated by innumerable tortuous friable silicious 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 seventy-five feet, of 
which the softer beds are the lower and vary in depth from one foot to 
twenty. The superior strata are either sandstone conglomerate or a 
coarse sand, cf varying thickness, and altervating relations; the con- 
glomerate contains white pebbles and rolled Pliocene mammalian re- 
maibs. 

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: Hyaenodon 
horridus, H. crucians; Oreodon culbertsonii, O. gracilis; Poebrotherium 
wilsonii, Aceratherium occidentale, Hyracodon nebrascensis, Anchitherium 
bairdii, Palaeolagus haydenii, Ischyromys typus, Mus elegans, etc. The for- 
mation extends to a depth of several hundred feet, and rests on astratum 
of a fine-grained, harder, argillaceous rock of a dark-brown color. Some 
of its strata are carbonaceous, and contain vegetable remains badly 
preserved ; others are filled with immense numbers of fresh and brack- 

*See Berthoud Proceed. Acad. Nat. Sci., Phila., 1872, p. 48, where they are mentioned. 
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ish water shells, including oysters. Ido not know the depth of this 
bed, but followed it to the southward until it disappeared beneath the 
Loess of the South Platte. Theage of this formation is no doubt, in the 
main, identical with that which underlies the fresh-water basins of Dakota 
and Wyoming, according to Hayden, and concerning which difference 
of opinion exists among paleontologists. Mr. Conrad, to whom I have 
submitted a number of shells, pronounces them to be species of Cyrena. 

Believing, as I do, that the evidence derived from the vertebrate re- 
mains requires the reference of the Bitter Creek Coal Series to the Cre- 
taceous period,* and having pointed out on similar grounds that the hor- 
izon of the Great Lignite from which vertebrate remains have been pro- 
cured on the Missouri River is undoubtedly Mesozoic,t although usually 
regarded as Tertiary, I suspect that the corresponding strata in Colo- 
rado will be found to pertain to the same section of geologic time.t 

It is thus evident that the relations of these three formations are 
similar to those observed by Hayden to obtain between the Lignite, 
White River, and Loup Fork epochs, in the West generally, and they 
are in all probability to be referred to as near to those horizons. Prof. 
Marsh has already stated the existence of the White River Tertiary in 
Colorado,§ but subsequently in describing the Hlotherium crassum and 
other species,|| remarks that the formation ‘‘ probably belongs to a differ- 
ent horizon.” : 

In the Pliocene strata above described, mammalian remains are ex- 
ceedingly abundant over limited areas, those of horses in an especial 
manner. Those obtained are as follows: 

Species. 

Ga MiVOCAee See Ae aL Boe ne tal eta Re 4 
Perissodactyla ...-.. Re se Ns Ge a 8 ae 0 Oe ean ht eer SiS 
AT HOCAGEVIA sat eeees Saw. vais Ace ET, SARL rs 
FERRO WOSCI CMA Eee tre eh) JN SAE, tir UO SERED 1 
MESGUCINata.. ne eh RN ee een ie CN oct oe ho en 1 

Mo banat REE ake PORTE GBI 2a lve (oak Joffe 21 

The most important paleontological results are: (1) The discovery 
that the camels of this period possessed a full series of upper incisor 
teeth; (2) that the horses of the genus Protohippus are, like those of 
Hippotherium, three-toed; (3) thata Mastodon of the M. ohioticus type 
existed during the same period. 

*See Proceed. Acad. Nat. Sciences Phila., 1872, p: 279. 
t Extinct Batrachia and Reptilia of North America, 1869, pp. 40-98. 
+ Since the above was written and set up, I have obtained abundant evidence of the 

correctness of this induction. In examining a collection from this formation, made by 
one of my assistants, I find a series of Mesozoic genera of vertebrates as follows: 
Dinosauria, Cinodon arctatus, gen. et sp. nov.; Polyonax mortuarius, gen. et Sp. NOV. ; 
Agathaumas milo, sp. nov.; Testuvinata, Compsemys sp.; Trionyx is also represented, and 
a genus of Crocodilia nearer to the cretaceous form Bottosaneus than any other, so far 
as the remains are indicative. Cinodon is a herbivorous saurian, to be referred to the 
Hadrosauride. The maxillary teeth are rod-like, with a narrow enamel face on the 
inner side, the remainder of the surface being like a rat-tail file. The teeth have no 
stem, and the successional crowns occupy an excavation on the posterior or outer side 
of the shaft. They push the functional teeth inwards and upwards, so that the grind- 
ing surface exhibits at one time a transverse section of three teeth, viz: an outer young 
crown, a middle worn crown, and an internal stump. Longitudinally, three teeth also 
exhibit the relative stages of protrusion, so that every third cross row is identical in 
character. Enamel smooth, with a medium keel, and entire margin. Various parts 
of the skeleton indicate an animal of the size of a horse. 

§ Amer. Jour. Sci. Arts, 1870, p. 292. 
|| ioe. Cit., 1873, p. 486. 
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List of Species. 

CARNIVORA. 

CANIS, sp. indet. 

Represented by a portion of the left ramus ‘of the mandible, which 
contains alveoli for and portions of I. 3, ¢. 1, and P.m. 4. The incisors 
are closely crowded by the huge canines, which have larger propor- 
tions than dogs generally, resembling more those of the bears, or large 
feline carnivora. The first premolar is one-rooted and separated by 
a long diastema from the canine. The second premolar is two-rooted 
and separated from the first by a short diastema. The third is also 
separated by a distema from the second, which exceeds that in front of 
the latter. Thé fourth follows the third immediately. The mental for- 
amina are two, one large, below the first premolar, the other smaller, 
but little below the alveolar margin opposite the posterior margin of 
the second premolar. 

M. 

JUGTNGR El OIE OREN Cl sks Re a eee ee ene a gee nee aga eo) Oniias 
Memon ie mon, WREISORS LO Pekan 752. oe aS eae le bo 095 
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Wenecn basis Of Pm. 255. .6 2. ke5 ok ee: RSPR RU Hm chee Tract tee 013 
Wentical diametertcanine atibasise 4.266.280 6 sues... 252 lee 029 
Mbit cutee S VATED VST 22) RAs eek SET. OaUS EI, Lae El ee SUE ES Bo 075 
LJiBfOUGIO, SCATTER Rate Catt a agen eR ee aL tae eee We RMI ane teak eee 047 

This large species is about as large as the Canis haydenii of Leidy, 
and differs from the type in the the anterior postion of the mental 
foramina, perhaps an individual variation. It is characterized among 
dogs, by the weakness of its premoijars as muchas by the strength of its 
canines. 

CANIS SAEVUS Liedy, Anc. Fauna, Nebraska, p. 28. 
TOMARCTUS BREVIROSTRIS Cope, Paleontological Bulletin, No. 16 
9) 

MARTES MUSTELINUS, Cope, Paleontological Bulletin,* No. 14, p. 1. 
(Aelurodon.) 

y) 

PERISSODACTYLA. 

APHELOPS MEGALODUS Cope, Pal. Bull., No. 14, p. 1. 

This large species and the A. crassus, Leidy, were very abundant 
during the Pliocene period in Western North America. Their re- 
mains are everywhere mingled with those of horses and camels. The 
former, and probably the latter, is to be referred to a genus distinct 
from both Aceratherium and Rhinocerus on account of the existence of 
but three premolar teeth in the mandibular series, and probably in the 
maxillary also. One of our specimens exhibits the missing superior 
premolar on one side. The outer incisor below, is a large tusk, while 
the inner is small and caducous, points in which this genus resembles 
the genera above-named, and differs from the African and tichorhine 
Species, or genus Atelodus of Pomel. 

A posterior upper molar represents the A. crassus in the original col- 
lections described by Leidy. <A well developed tubercle which rises 
from the bottom of the valley between the inner extremities of the 

“ These publications may be procured at the Naturalists’ Agency, Salem, Mass., or of 
the writer. 
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cross-erests in the last and penultimate molars of A. megalodus is want- 
ing in the A. crassus; partly on this account I refer my second large 
Pliocene rhinoceros to the latter. 

APHELOPS CRASSUS Leidy, Anc. Fauna, Nebr., &e., p. 228. 

Leidy states that the formula of dentition of this species is identical 
with that of the Indian rhinoceros, and elsewhere that it is probably a 
true rhinoceros as distinguished from Aceratherium. He does not ap- 
pear to have possessed material to verify these statements. 

An imperfect mandibular ramus containing the last molar and alve- 
oli of the four teeth which precede it, differs from the corresponding 
one of A. megalodus in the greater thickness in proportion to the depth. 
It is absolutely both shallower and thicker than a corresponding ramus 
of the allied species, while the teeth are larger, the last three occupy- 
ing exactly a space equal to that supporting the last four of A. megalo- 
dus. The last molar s larger than the penultimate in A. crassus (larger 
in A. megalodus) and encroaches on the base of the coronoid process ; 
in all the jaws of A. megalodus, this tooth is considerably in advance of 
this process, which rises more abruptly than in it. This tooth is shown 
to be the last molar, by the absence of any trace of alveolus or crown 
of a successional tooth bebind it in the various jaws in question. In 
A. crassus the coronoid process rises gradually from the front of the last 
molar. 

A.megalodus. A. erassus. 

Hremeccn tase LoummmNOlnse: yee be. es ees ee ee an ow) 215 
We morlast yt lars ees cel Uc cau ahs ei ae Sh aes aaa see eee O44 062 
memati heststehe molar. 2.20202 2: 2c). tee cee 036 055° 
Niadichetinstiruermolar 4o2).)04 3/2408 Oo eee gee 028 033 
Depth ramus ahem. 22 s2s..5.. <2 ico AED Ee EE Le eee aaa 087 078 
NRCS MAIS bee ati os ee ee a ee cee cree Ne OAT 055 

The last molar is not quite protruded in the type specimen of A. 
Crassus. 

Near to the specimen just described, I found the left maxillary bone 
with nasal, frontal, and other elements of a rhinoceros which differ in 
some respects from corresponding parts of A. megalodus. The rather 
larger teeth would coincide with the type of A. crassus, but that the 
specimens belong to the same individual is not certain. It is charcter- 
ized by the same increase in size posteriously of the molars, the M. 2 
exceeding that of A. megalodus, while the P. m. 2, (the first,) is consider- 
ably smaller. The latter measures less than half M. 2, while it is .8 the 
diameter of the same in the A. megalodus. There is no rudiment of P. 
m. 1, hence this specimen displays fully the characters of the genus 
Aphelops. The nasal bones are long, acuminate, straight, and not cods- 
sified. They are tectiform, and distally compressed, instead of flattened, 
as in two specimens of A. megalodus; they are also quite rugose at the 
extremity. These characters may be only sexual. As in A. megalodus, 
they did not support a horn. 

HIPPOTHERIUM SPECIOSUM Liedy, Anc. Fauna, Dakota, Nebraska, 
p.2s2. 

HIPPOTHERIUM PANIENSE, Sp. nov. 

Indicated by molar teeth in the collection. Two of these have elon- 
gate curved crowns; the longer is a left posterior, the more abraded 
aright median. The latter is characterized by the generally greater 
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simplicity of the enamel boundaries of the lakes as compared with the 
same portions of H. speciosum, with which it agrees in size. The only 
plications to be observed are the usual opposite ones entering the lakes 
from the middle of their adjacent boundaries, and a slight one at their 
inner angle of the same border of the anterior lake. The inner crescents 
are united, the posterior retaining its width posteriorly and giving off 
the posterior inner column from its anterior half. Both the internal 
columns are longitudinally oval and rather small, the anterior well sep- 
arated. The adjacent enamel border gives off the usual projecting fold. 
Outline of crown nearly quadrate. 
A second molar, less worn, presents therefore a little greater com- 

plexity of enamel folds. Thus the anterior inner part of each lake is 
folded into a loop, and there is a second pair of opposite folds outside 
the usual pair on the adjacent borders of the lakes. 
A third molar is much more worn than either of the preceding, so as 

to throw the inner and median posterior areas together. The anterior 
median is well isolated and subround. There are no folds of the en- 
amel plates whatever. 

Meme Non vetEG@M LOOUS. «25. J. ae ee Nes ese nly peas sae O27 
SVACUNEOR AMtCHOWOSUERION. 22205. 55-02 te as sea ~ a co tees se .O19 
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LoD GUID ING 2 SN ah vue oe I etna eee es Sachs a eR eg ad 032 
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SAM avOly exterolmeerial i se ahs LONI cs kOe Eton sodas eee O18 
DASUIGUID, ING), (DAG Peres ei Se Rae i EenRW Cn emanate acinomae dant 018 
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From the neighborhood of the Pawnee Buttes, Colorado. 

PROTOHIPPUS LABROSUS. Sp. nov. 

Having obtained a number of fragmentary and entire crania referable 
to species of the present genus, it becomes possible to correlate the man- 
dibular with the maxillary forms, dentition, etc., as it has not been pos- 
sible to do heretofore. Of mandibles there are four types, which refer 
to species as follows: Symphysis, flat, shallow; no diastema between 
their incisor and canine teeth; P. labrosus. A diastema, in front of 
canine ; svmphysis narrower, deep; inferior molars smaller; P. sejunctus. 
Symphysis narrow, deep, contracted, and smaller; lower molars larger ; 
P. nerditus. 

These comparisons are instituted on one mandible of the first, two 
entire and three incomplete ones of the second, and two of the third 
types, all but two accompanied by superior molars or crania. 

The specimen of P. labrosus embraces also the right maxillary bone, con- 
taining five molars; a second specimen includes three superior molars 
of the left side; it is also represented by several isolated molars. 

Protohippus labrosus resembles the two species described by Leidy as 
Merychippus, in the short crowns and long roots of: the molar teeth, 
with thickened external ridges separated by thin bands of cementum. 
‘It therefore differs from Protohippus perditus and P. placidus, resembling 
the first named in size. It is exactly intermediate between the P. insignis 
and P. mirabilis in size, and to it is no doubt to be referred Dr. Leidy’s 
No. 4 of the latter.* Hither there are three species of the present char- 

*Ancient Fauna Dakota and Nebraska, p. 300; figured pl. xvii, figs. 8-9. 
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acter, or Dr. Leidy’s and the present forms must be arranged under one 
appellation. I prefer retaining them as distinct for the present, since I 
have nearly identical measurements in six different individuals and four 
of the P. perditus equally uniform in dimensions. The latter always 
slightly exceed those of the P. labrosus, and differ in the longer dental 
crowns, with subacute exterior ridges; typically the internal columns 
are oval in section but may occasionally be subcylindric; they are 
cylindric in P. labrosus. The first specimen above mentioned I regard 
as typical, and describe it as follows: 

The first premolar is well developed; in the first molar the anterior 
lake is isolated from the inner fold. The anterior inner column is 
cylindric in all the teeth; the posterior similar, but joint with its cres- 
cent by attrition in most of them. The boundaries of the crescents are 
all simple, except a tendency to the middle infolding of the adjacent 
borders of the crescents. The teeth are but little curved, and the base 
of the crown, with termination of the broad longitudinal gutters, is 
visible, although the attrition of the teeth, especially of the inferior 
incisors, does not indicate advanced age. 

The mandible is distinguished by the length of the diastema and the 
flatness aud shallowness of the symphysis. The permanent molars are 
all present in the specimen, and are robust in form. Except in the first 
and last, they are characterized by the small development of the anterior 
crescent horn and posterior tubercle of the inner side of the crown. The 
horn of the anterior crescent of the first molar is well produced inwardly, 
broad and simple. The entire tooth is narrower than the other molars, 
except the fifth and sixth. ‘The latter is a little longer than the others, 
and possesses a posterior crescent sinaller than the others. The canines 
issue from their alveoli very close to the third incisors. The two pairs 
of first and second incisors are in a nearly transverse line, in consequence 
of the flatness of the symphysis. The median lake is half worn out in 
the second incisors. 

Measurements. 
: M. 
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_ About the size of the ass. 

This species is readily distinguished from the more common P. per- 
ditus by the peculiar form of the symphysis, more simple molar teeth 
with shorter crowns, and the constantly smaller size; four mandibular 
teeth of the latter occupying the same space as five mandibulars in the 
P. labrosus. The first premolars are also larger and two-rooted ; those 
of P. perditus, in three specimens before me, and of P. sejunctus, in one 
example, being but one-rooted. 
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PROTOHIPPUS SEJUNCTUS, Sp. lov. 
Represented in my collections by a nearly complete skeleton with cra- 

nium and entire dentition, both mandibular rami and symphysis of a 
second ; mandibles and dentition of two others, with appropriate molar 
teeth. 

The skeleton, which I excavated with my own hands from the side of 
a bluff, adds considerably to our knowledge of this genus of horses. The 
side of the cranium displays a considerable depression in front of the 
orbit, which, though not so deeply impressed as described by Doctor 
Leidy in the known species, will refer this animal to the group regarded 
by him as a genus under the name of, Merychippus. That the latter i is 
distinct as a genus may be questioned, and [ shall follow Doctor Leidy’s 
later conclusion in uniting them.* 

The structure of the feet in this genus, as indicated by the specimens 
of the present species, and of the Protohippus placidus, proves to be iden- 
tical with that of Hippotherium, i. e., tridactyle, the lateral toes of re- 
duced proportions. This is impor tant as distinguishing the genus 
trenchantly from Hquus, and while the union of the inner columns of 
the superior molars distinguishes it from Hippotherium, a form of P. per- 
ditus is deseribed below, in which the columns are more distinet than 
in individuals heretofore known. 

The P. sejunctus is identical in measurements with the P. labrosus, 
and agrees with it in the simplicity of the enamel boundaries. It is also 
a short- crowned, but the character is not so marked as in the latter. It 
differs strikingly in the deep and convex symphysis, and, in the only 
specimen in which its alveolar border is preserved, in the hiatus sepa- 
rating the inferior canine from the incisors. It exhibits, also, the small 
and one-rooted first premolar of the P. perditus. 

The adjacent horns of the lakes of the molars are more produced out- 
ward than the remote ones, and the enamel borders have no plications. 
The sections of the inner columns are oval posteriorly and subround 
anteriorly. The wearingof the last molars indicates the full maturity 
of the animal. The canines are separated by a considerable interval 
from the third incisors. The inferior molars are similar, in general, to 
those of P. labrosus. In three individuals the last lobe of the last molar 
is a cylindroid instead of a trough-shaped column. 

The cranium, in general form, ~partakes of the shorter and more ele- 
vated outline seen in all the three- toed horses. The fore-part of the 
nasal-bones and the diastema behind the canines are short. The out- 
line of the vertex from the nose to the sagittal crest is quite plane, while 
the posterior part of the nasal bones, ete., are much narrowed by the 
large facial depression at the sides. This occupies the space between 
the nasal-bones and the molar ridge, above and below, and is bounded 
behind by the anterior border of the orbit. In front it is open, but its 
depression follows below the nasal-bones to the diastema. While its 
area is strongly impressed, especially superiorly and inferiorly, it is not 
nearly so much so as indicated by Leidy in P. insignis and P. mirabilis, 
but more marked than in his figure of P. perditus. My specimens of 
the latter are not well preserved in the region in question. 

The infraorbital foramen issues above the anterior border of the first 
true molar and the molar ridge above its posterior portion. The orbit 
is closed behind and the sagittal crest is but an angle, and originates 
above the glenoid cavity. The inion is narrowed above and projects. 
backward over the upper edge of the foramen magnum. Posteriorly the 

* See Quarto report on Geological Survey of the Territories, 1875, vol. I, p. 822. 
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occipital presents a pair of vertical fossee separated bya lowridge. Its 
external crest is not continued to that of the squamosal part of the zyg- 
-oma. The meatus auditorius is quite small, as is, also, the mastoid tu- 
berosity. The paramastoid is large and stout. 

Measurements of cranium. M. 
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The skeleton is noteworthy for the disproportionately large size of the 
cervical as compared with the dorsal vertebree. The large size of the 
head, compared with the rest of the animal, was supplemented by 
the length and slenderness of the limbs, which considerably exceeded 
the proportions they bear in the existing horse. The lumbar vertebrze 
are slightly opisthocoelian—the dorsals strongly so. The cervicals are 
large and moderately elongate. The size results from the great devel- 
opment of the processes, since the centra do not materially exceed those 
of the lumbars. The atlas is not much expanded, and has a well-marked 
tuberculum atlantis, and very low neural keel. 

The limbs are slender and the hoof small. The humerus is more 
curved than in the horse, and has a strong tubercular deltoid erest. 
The proximal tuberosities are very different from those of the horse. ~ 
The external is largely developed, but is not produced into a hook, nor 
extended into a longitudinal crest. The inner bicipital tuberosity is a 

little more prominent and curves hook-like outward, inclosing with 
the outer, a deep notch. It is continued at right angles along the in- 
ner aspect of the head into a straight crest, their angle of union is 
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prolonged downward as the deltoid crest. The outer tuberosity in 
the horse is double, and while not hooked as in the rhinoceros, is alittle 
more prominent than in the present species; the inner is not hooked 
as in the P. sejunctus. There is an ala on the inner side of the distal end 
of the humerus, and a supracondylar foramen, both of which are want- 
ing in the horse. 
The radius differs from that of the horse, in being considerably longer 

than the humerus, instead of a little shorter. It is gently curved and 
flattened, with the transverse ends about equally wide. The ulna is 
coosified ‘with it throughout the length, excepting a small portion be 
yond the humeral cotylus, as in the horse. 

The femur is stout, with the lesser trochanteric ridge well developed. 
The trochleais wide, with subequally elevated bounding ridges. The tibia 
is considerably longer than the femur, and presents a lone and promi- 
nent cuenial crest. The shaftis transverse, with external edge and inner 
plane narrower than the anterior. The trochlear is very oblique ; the 
astragalar grooves well defined by the internal and external tuberosi- 
ties. Fibula not preserved. 

The right posterior foot, among others is perfectly preserved. It is 
like the radius and fore foot, and the tibia, distinguished for its elonga- 
tion and slender proportions, as compared with the horse. The astrag- 
alus differs from that of the horse in having the cuboid facet on a more 
pronounced neck, and in the narrowness of the trochlea. The navicular 

“facet is subpentagonal and without emargination. The cuboid is largely 
extended posteriorly where it bears a large tuberosity. The naviculare 
is shallow and coneave proximally. The ectocuneiforme is of similar 
length; behind it a well developed mesocuneiforme which supports the 
internal metatarsal. The external metatarsals are situated behind the 
median except for an inch at their distal extremities. Their articular 
surfaces are compressed, and present an obtuse trochlear angle but no 
keel; they reach to the base of the condyle of the median metatarsal 
behind. The latter is very convex above, slightly flattened below. The 
lateral digits only reach to the distal end of the first phalange. The 
penultimate phalange of each is much produced behind ; the last or 
ungueal, is much compressed, and is literally a half-hoof. The coronet 
is half as long as the pastern, and the unguis or coffin-bone is acumin- 
ate in outline and elevated on the middle. line. It is deeply fissured at 
the extremity, and the margin abounds in foramina. The nutritious 
foramina of the base are each in the apex of a triangular fossa which is 
open posteriorly. This bone has proportions not unlike those ascribed 
by Leidy to a specimen from the Niobrara, but is rather smaller; but 
the foot to which it pertains measures but 10.5 inches, while that ‘of 
P. sejunctus (without tarsals) is eleven inches in length. 

Measurements. 

M. 
HENS NOT Reser (CMEREMNG oie cna lee Ss acer fs etn en. 0.061 
Width Of ablas, miedtallly, DelOWw -— 5 - == oe a is el 035 
Nad th: of atlasumerrontiot diapophyses..-.<- 245.555... 42.02): .060 
Meme vor OMOMbOmNPEOCESS: 45.0 seis ke wg ce ye oe anew d sc tense .023 
Leneth of three posterior dorsal vertebrae... .4. 2.22424... .... 2. 076 
Diameter of articular face of centrum, (transverse) SUES: RUN Meenas ogee O21 
Diameter of articular face of centrum, (vertical) ............... 015 
Mensch, MUMeRUSH (axa tee eek oR Les oe 192 
Diameter proximal end, (anteroposterior)............... PoP cM er UAC ED) 
Diameter proximal end, (ams VETS) fe Wel ool ees SEBS Spee - 055 

2GB 
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M. 

Diameter proximal end, (condyles)....-..---------+----+--+---- 044 

JLismyarelie eR AG eyes bo SSB e Rg adoeesee se ere Sas sc sos 3 220 

Transverse diameter (proximally) ...---.--.----------+-++-++-5- 045 

Transverse diameter (at middle) ......-.--.--- as a ee .026 

Transverse diameter (distally) ...-.....-------------+-+-+----: 038 

Anteroposterior diameter (proximally).-...-.--------+--------- 025 

Anteroposterior diameter (medially)..... -------+----+-+------- .018 

Anteroposterior diameter (distally)..-..----- -----++-+-++++---- 23 

Diameter femur, (shaft) .........--------+--2+ ++ cree sorte: 040 

Diameter femur (condyles)....-..- ----+----+--+-+ 2222-2 --2+-> 058 

LeM@in MMe) Sas esse bs sso ose A Senn ier ee MMI S|. Se 2 250 

Length foot inciuding tarsus.....-.------- +--+ +e eee ee ee eee .325 

Length foot without tarsus.......-.--------+++---+---- eee 207 

Outside length ofcaleaneume..-.-. -2--eec25-------- 257 -- 075 

Depth of caleaneum behind..... ..----.----.---------------- 027 

Wall! Of cal e@ameuinl gM LONG. sa ee eee elke cies le eee eee .033 

Total length astragalus ...-.....--. +++: +--+ ++ eerste ee eee: 045 

“(Roa Gl ASPEN See dass a teees seneea ence cseccs ss ee sess 5: 041 
ANGLED TROCINOA, ASNPNOAITIS Ss o6 hs a ace koe ose cds saodoo stesso: 018 
Widliiln ManwmiGUilene iCBiidesads secs sSacdona soos ves aae sages ccnes: 022 

Depth naviceular.facet.......--------.--f--2---+2-2-+-+---22-8 022 

VWwri@ialh: Gmlbyond! SBWCaG oases Gegand chmod) Sebece ona ones a ae esas colo .008 

MWaidihicuboid bonetore am@atibe 2... 202 ce 4-4. y <r eeemeeeres 

Length cuboid bone.....-.--------.-----+++---+++-++---+2er-- 015 

Length internal metatarsus. . -.- ge a yada NE ao a a 170 

Transverse width trochlea of median metatarsus..-....-------- O21 

emetih PaASkeRN = oe 2 eos che ete ele ie ee ie eye -) e  ee 042 

Width posterior (proximally) ......------------------+--+++++--- 025 

Wength coronet....--...-..--2.- eee ee ee eee eee es 027 

_ Width coronet (proximally) ...-.--.-----+-+---+-++--+ aca cee OS 

HWWemetilal (COIN Se a ee wn an eet ve neice .036 

Wijalidin arein@mllaie 12VOGW ean os Seca Shoe seu eso esse eb acon ssoce dance: 021 
Wiclan hetarGonl AinGlOSes ate ad se eee aod SRemngisuen bees see Been 510) 

dlleration aliindape ai ss seaio meee bee regedit sca Gis coce so S - 023 

Remarks. Professor Leidy has already observed that the structure of 
the molars in this genus is in its type the same as that of the deciduous 
molars of Hquus, and that hence, that Protohippus represents the more 
primitive condition of horse. In further confirmation of this view, I may 
add that the proportionate size of the head and length of limbs to size 
of body is greater in this species than in the recent species of Hquus, 
resembling in these points the colts of that genus. Acceleration of the 
growth of the body and prolongation of the face, the same in the widen- 

ing (fore and aft) of the internal columns of the molar teeth, with re- 

tardation of the growth of the lateral phalanges, would express the pro- 

cess of evolution of the modern types of horse. 

PROTOHIPPUS PERDITUS Leidy, 

Represented in the coliections by the entire molar dentition of one cran- 
ium; the greater part of that of another with incisors and canines; the 
four median moiars of another, two superior molars with mandible and 
teeth of a fourth; mandibular dentition of a fifth, with parts of mandi- 
bles and symphyses and isolated molars of a large number of other 

specimens. 
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Without this material, I should have hesitated to separate the two 
species above described as new; as itis, | have no question that they 
are well defined, and are not the species described by Dr. Leidy, under 
the name of Merychippus. The two lower jaws at my disposal agree in 
dimensions with each other, and with the superior molars, and with Dr. 
Leidy’s types with which I have compared them, four of them having 
the same extent as five of those of the two species above described. In 
two successional superior molars little worn, one of the inner columns 
(the anterior) is not yet united with its corresponding crescent, and the 
borders of the lakes are more plicate than in more worn examples. 

PROTOHIPPUS PLACIDUS Leidy— 
A portion of the skeleton of this species was excavated by myseif 

from the rock of the Pliocene formation, which was accompanied by 
two teeth characteristically those of this species, and the only ones I 
obtained which are referable to it. They are readily known from their 
small size absolutely, and it would seem relatively also. The vertebree 
are similar in size and proportions, {but the metatarsus is materially 
shorter than that of P. sejunctus, and the phalanges of all the toes, and es- 
pecially the coffin-bones, considerably stouter. Compare measurements 
with those given above. 

Measurements. M 

Menarhemedian metapodialWONe: cl seer dee ae es ee pe eee 17 
Hxpanse of condyles of lateral metapodials.......--.----.------ 042 
Men eth ot vist lateral plalamgens ss yee eee 2) esse ee O24 
Antroposterior width of first lateral phalange...........--..--- .016 
Memanwot cotin-pomermedialiys ss)... 8c. ee) eer a O41 
SGM WEL WREM INOS yea en destin las Were eee ie clealo cna 037 
Mndia-ot articular face... 22..!. 22 hipoksel ih Lams nae es 026 . 
icioht orm cotin-none belmmd) . 22.5... 22 2. (52 ne 022 

Thus both coffin-bones are larger, wider, and flatter than those of P. - 
sejunctus, a character provided for by the greater, lateral distal expansion 
ot the metapodial bones. The shortness of the metapodial bone is not 
due to the fact of its being ametacarpal; the femoral condyles are adherent 
to it in the matrix, and there are proximal facets for the ento- and meso- 
cuneiform bones. Were the bone a metacarpal, this facet would relate 
to the trapezoides, a contact which does not exist in either of the genera 
of the three-toed horses, Hippotherium and Anchitherium according to 
KKowalesky*. 

ARTIODACTYLA. 

MERYCHYUS MAJOR Leidy Ane. Faun. Dace., Nebr., 121. 

A single superior first molar presenting some peculiarities, perhaps 
individual. 

MERYCHYUS ELEGANS Leidy, Loe. Cits., p. 118. 
A mandibular ramus with the molars and last premolar; a little lar- 

ger than Leidy’s specimens from Nebraska. 

PROCAMELUS, sp. 
Numerous parts of skeletons of a large species without teeth ; possibly 

the P. niobrarensis Leidy. 

*Palaeontographica 1873, Pl. VII. 
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PROCAMELUS ANGUSTIDENS, Sp. nov. 

Represented by the nearly entire mandibles, with most of the teeth of 
two individuals, and two superior molars referred, with probability, to 
the same. 

This camel is the size of the P. robustus Leidy, but differs from it in 
the much narrower teeth, especially the last molar and last premolar, 
the much smaller first molar, and totally different form of the second 
premolar. Thus, while the last molar has the same length, it supports 
an anterior expansion, whose angles are the summits of ridges on the 
inner and outer sides of the crown, which are wanting in P. robustus. 
Behind the outer rib in P. anqustidens there is a considerable groove. 
While the M. 3 is as large as that of P. robustus, the M. 1 is 
strikingly smaller; while the P. M.3 is about as long, is only half as 
wide when worn to the same degree. The second premolar, instead of 
presenting a contracted subconic crown, is longitudinally extended and 
compressed, resembling closely the third premolar. The molars are 
remarkably flat on the outer side, each lobe being devoid of a median 
ridge, and the first and second even wanting that between the lobes, 
The diastemata are long, and the first premolar is compressed and 
equi-distant between the canine and the second premolar. The dias- 
tema in front of the canine is not wider than one tooth. The lower 
incisors are broad and oblique. The lower posterior boundary of the 
symphysis is almost immediately below the first premolar. 

Measurements. 

Rotalwenethrotdentalisenresstoul ie. te ka 2) dad 9) ae 0.240 
iensthitromiirst tothird aneisor On) CrowMS 5222. 22 92.5 =) See .035 
Length from first incisor to canine...... AED) Eee ME TEMA Gc — O40 
Length from first incisor to first premolar ....................-. 075 
Length from first incisor to second premolar ...........--. 2 a 105 
enothwormirolanisertese. o.Lk Magen lu! yore Berek pee 134 
Menguhbyorepre-molars,2.15,4e. ssh! eee l ss. Lek Lovadhoiea hd (eee 039 
PensuiMorsecondspremolat: | 2iAyo/4 }setetes 24) 28S. ale ee .010 
Henctivoftourth premolar evel sa Ssee ie ae eG Stee cee .016 
MWadihkorrounthipremolan, (halt worn) s-2l----55-4. 525 > A ee 005 
eneEhKoOrsnrst molar. (hall worm) tm sos see eee =e AOL) 
Wacdehvomirst molar, (haliworm))..20 +2. 42. -c.0 soos ee eee O14 
Menoehor pemind molar. sic. Lo he Sak ee eae Oe ee 047 
Midthrotthindmolar. anterior columns...) 6s ese ae eee O13 

In the second specimen the molars are a little narrower. 

PROCAMELUS HETERODONTUS Sp. nov. 

Represented by the right distal portion of a mandibular ramus, with 
incisor, canine, and premolar teeth, and by the greater part of the den- 
tition of the premaxillary and maxillary bones. These indicate an an- 
imal of the size of the species last described. 
An interesting fact in the structure of the genus is indicated by these 

Specimens, namely, that the premaxillary bones support a full series 
of incisor teeth, a fact not heretofore known, as the pieces in question 
have not been previously identified by authors. The median incisors 
were inserted into rather small sockets and were separated by diaste- 
mata from the third or caniniform incisor, from each other, and from the 
anterior extremity of the bone. 
A second result of the investigation is that the genus Homocamelus 

Leidy is probably the same as Procamelus, and that H. caninus should 
be regarded as the P. robustus, unless new evidence exists to the con- 
trary. The former was established on dentition of the upper series v 
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alone; the Jatter on that of the lower jaw. In the present species we 
have the two kinds of teeth combined. The relations are, however, 
quite different from those found in the P. robustus and the P. angusti- 
dens. As to the reference of H. caninus to the former rather than the 
latter of these two, it depends on their coincidence in the transverse 
width of the premolar teeth, and is rendered probable by the fact that 
they are from the same horizon and approximate locality. 

In the superior and inferior dentition of P. heterodontus, it is to be 
noticed that the first premolar is situated well anteriorly, the space 
separating it from the second premolar being twice as long as that be- 
tween it and the canine. In P. robustus these interspaces are equal, (in 
the lower jaw.) as in P. angustidens. In the present camel the 
third incisor is separated from the canine, in the lower jaw, by a 
space nearly equal to that between the canine and first premolar; 
in P. angustidens (and probably P. robustus and H. caninus) this 
space is very much less, and just sufficient to admit the superior canini- 
form incisor. In the present species the lower border of the symphysis 
is below the canine, and hence the symphysis is much shorter than in 
P. angustidens, as it is steeper and concave on the anteroinferior face. 
It is not co-ossified in the specimen, while it issoin the P. angustidens. 
On each side of the suture below is a small compressed descending 
tuberosity. The mental foramen is below the first premolar. The 
second and third lower premolars are two-rooted and compressed ; the 
third presents an angle inward at its anterior end. 

The premaxillary bones are attenuated and simple in front, with little 
indication of contact or connection across the middle line. The side of 
the muzzle is concave above the first premolar. Last incisor vertical in 
direction. 

The maxillary teeth associated with the above-described premaxillary 
bones represent the entire series except the second and third premolars. 
These present strong exterior ribs between the columns, and weak ones 
between, on the third molar. These teeth present no extra lobes, tuber- 
cles, nor columns, and the cement deposit in the lakes is very small. 
The P. M. 35 and M. 1 are each about as broad as long. 

Measurements of upper jaw. 
M. 

PF Sriccul UTE OATS.) eS 48.. kue A Webel A Lk bie ect! ian 0.083 
enechie last. molars, (OWLSIMe)s 2.4 se eaehee otis ke ieee als ieee 036 
Widthilast molars) (anterior Colum) 22222 484 - {a20 ee eee O16 
J LSM SAS OM THES MSTA Hane een eae eo eialamtce UL aisha Nin Asa Semen e bet .020 
NAVIGATE (US ASISS OKO) IT OS a rece URES Muy ae: RA Sans aii De ei aed .019 
Mengthwore last: premolar’... Hus eee foes ADS TE Le oa u oe O14 
WidilivorMasts premolar ol. 72 7288, Bass oe ROPE bi NOe She OSS 013 
emer niremmie. Mok toccanine.. OSG a 016 
ene theirommly ME Ah to: Te Suse elites oe Gee APC Re REED A eae .036 
iene thtromesl is torend< ot premaxillary..s.0N ass Ri ed 038 

Measurements of lower jaw. 

emer Eh CeO, apexes bO) CMG OM ce repli eens aap oe 120 
eneth, tom, apexlero tore. Ny Qe. soe ages a2 cae ange eres 098 
Wemeun trom apex omOuly Me Gi ge ce ee eis ee Leto AUD: 
ens cht Troms Apexe leomuOmCAMINek sj. Ns ee ke! 025 
JOST BELAY ear Giad CRUMP eo 0s Vs OS a Pa 040 
De pune AG CAML, Saree ee earn ES bo de ee on 041 

From the heads of Pawnee Creek, Colorado. 
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PROCAMELUS OCCIDENTALIS Leidy, Anc. Fauna Dakota and Nebraska, 
p. Lol. 

Specimens in fine preservation, but referred with some doubt as above- 
The dimensions of the teeth are intermediate between those of the 
species above named, and the P. gracilis, Leidy. 

MERYCODUS GEMMIFER, Sp. nov. 
A small ruminant represented by jaws and teeth of three individnals 

found in association with the species above described by the writer. 
These embrace only the true molar teeth in good preservation, They 
resemble those of M. necatus, Leidy, in form and size, but differ inhaving 
a radimental column between the principal columns at their bases, a 
character which I have satisfied myself does not exist in the Niobrara 
specimens described by Dr. Leidy, by autopsy. These only appear on — 
the grinding faces after prolonged attrition. First molar equal to the 
last premolar in anteroposterior diameter. 

Measurements. 
S M. 

Hensthvotfour posterior molars). ..f 2222202). 2 2 ee 0.037 
dens theominire molars. sO Le we BI SG OT eo ees 930 
enethoresecondimokard ou 28. MANOS, SELES ee ee .090 
Nvaidithvorrsecond amolary 2 BAe eee OU Be ee 040 
eneGhyot chic’: mmoles ees Nore wk eet at ly es Sea ee 013 
Varela ee ces ee ey pis el oa ee a CP ha a ee 006 
Depth ok jawatisecoudemolarwAt. 22) J921 kos oY ee 015 

PROBOSCIDIA. 

MASTODON PROAVUS, Cope. Synopsis Vertebrata, Colorado, 1873, 
p. 10. 

TESTUDINATA. 

STYLEMYS ?NIOBRARENSIS, Leidy. Abundant. 

SUPPLEMENTARY ADDITIONS 

TO THE ‘“*SYNOPSIS OF NEW VERTEBRATA, FROM THE TERRITORY OF 
COLORADO, 1873.” 

MENOTHERIUM LEMURINUM, gen. et sp. nov. 
This new genus is probably quadrumanous, and allied to the lemurs, 

but as 1 only possess portions of two mandibular rami with dentition, a 
more exact determination will be looked for with interest. It is the 
first indication of the existence of monkeys in the Miocene formation of 
the United States. 

There are at least two premolars and three molars in the inferior series, 
those anterior being last in the specimens. The last premolar is some- 
what sectorial in form, having a compressed but stout median cusp, a 
broad heel behind, and a small tubercle in front. The last molar is 
rather smaller than the others, and with a slight posterior or fifth 
tubercle. The molars support four tubercles nearly opposite in pairs, 
and connected by a diagonal crest, so that when the crown is worn an 
S-shaped figure results. The two alveoli in front of the last premolar 
may have contained each a separate tooth, or a single tooth, longer than 
any of the others. 
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Ohar. specif.—The last premolar is longer than any of the molars. 
There are no cingula on the molars, but the transverse crest from one 
of the tubercles descends to the side of that opposite to it, along the 
end of the crown; enamel smooth; ramus of the jaw rather elongate. 

Measurements. 

M. 
Meneth ot, bases ot Sixes MOlAESs.- 222-252 4-225 e es: 2522325. 0.0250 
Length of bases of true molars ..-.-- ine Sie HUAN el Yeah A 0120 
Leneth of bases of first true molar-...-..-.---------.----.---- .0040 
NVctihvot baseoktnstirue molars. s.2) 2450.62 eee eS .0032 
Wena thors basisrompasty prem olay (42) cele) a\=l oar 0052 
Wii Or DAasisuOmlaAst: preniolars...45). oe Rye se eos ieixeie eis 0030 
Depth of ramus at last premolar......- Spe ieee eh ees ila Hk EME Ga Nek .0080 

This animal was about as large as the domestic cat. 
ISACIS CANICULUS Cope, Paleontological Bulletin, No. 16, p. 3. 

This genus is intermediate between the Leptictis and Ictops of Leidy, 
so that either one genus must be reeognized or three. The superior 
molars have the some constitution, with specific resemblances to Jctops 
dacotensis; but the last premolar, while possessing an internal cusp, as 
in that genus has but one, a narrow, conic tubercle on the outer side, as 
in Leptictis. 

HERPETOTHERIUM FUGAX Cope. 
The dental formula given for this genus (synopsis New Vertebrata, 

&e., p. 4) embraces the figures Incisors 3. This is a typographical error 
for =. (I did not have opportunity of reading the proofs.) 

HOPLOPHONEUS OREODONTIS Cope; Machaerodus oreodontis Cope; 
synopsis New Vert. Colorado, 1873, p. 9. 
Char. gen.—Dental formula of mandible: I.3; C.1; P.M.2; M., 2. 

Superior canine greatly developed; end of mandible expanded and 
thickened to protect it. 

This is simply Machaerodus, with a tubercular molar, as in Dinictis. 
The dental formula is the same as that of Bunaelurus, but the latter 
probably has the character of Felts in its anterior dentition, though this 
is not absolutely certain.* 

Char. specif.—The species was established on a young individual 
with part of the temporary dentition remaining. <A jaw of an adult 
furnishes additional characters. The first premolar (the third) has two 
roots, and is as large as the second, instead of being smaller, as in 
Machaerodus primaevus. The second (fourth) has a prominent anterior 
basal tuberele, as in the last-named species, but which is, according to 
Leidy, wanting in Dinictis felina. The anterior angle of the mandible is 
not produced downward so much as in the Machaerodus, but is more as 
in Dinietis felina, with which the present species agrees nearly in size. 

POEBROTHERIUM HALLU. Protomeryx hallii Leidy, Anc. Faun., Nebr., 
&e., p. 160. 
This species agrees closely with P. vilsonit in dental characters, dif- 

fering only in the rather larger size, so far as the portion of the jaw of 
the type furnishes indication. 

* One or the other of these genera may perhaps be found to be the delurogale of Del- 
fortrie, but I have not yet seen its diagnosis. 
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POEBROTHERIUM VILSONIL Leidy, |. e., 141. 

Several specimens obtained. This genus differs from Amphitragulus 
Pom., in the association of the first premolar, with the canine and incis- 
ors, rather than with the remaining premolars. Dental formula: I. 3, 
C. 1; P. M.4; M.3. The diastema between the first and second pre- 
molars only; canine more or less approximated to the first incisor. 
The osteology of this genus presents a number of interesting features. 

The cranium only has been described by Professor Leidy. The follow- 
ing observations are based on portions of a skeleton, which include the 
maxillary, and part of the mandibular, and other cranial bones, which I 
extricated from the matrix myself. The dentition agrees with that fig- 
ured and described by Leidy. 

The atlas is rather broader than long, with thin diaparapoplhyses, 
pierced by the usual foramen at the middle of the base, and produced 
well backward at the outer margin. The articular facets of the axis 
are continuous below the foramendentati. The neural arch is regularly 
convex, and without keel on its posterior .4, but the anterior .6 consists 
of a flat facet, descending obliquely to the neural canal, with a median 
keel and prominent lateral angle, descending to the base of the diapoph- 
ysis in front. The third and fourth cervical vertebrae are enlarged, and 
quite elongate, and present the usual peculiarity of the Camelidae in the 
position ot the canal for the vertebral artery. It perforates a part of the 
base ot the neurapophysis, and not that of the diapophysis. The latter 
is a decurved lamina, extending the entire length of the centrum, and 
sends a strong angular ridge from the posterior outer angle to the ante- 
rior Zygapophysis. The zygapophyses are connected by a strong longi- 
tudinal angular ridge. The neural spine is a prominent keel of no great 
elevation. The hypapophysis is an acute keel, low in front, but pro- 
duced downward and backward to a rugose obtuse extremity. The 
centra are slightly opisthocoelian, the articular surfaces so moderately in- 
terlocked as to constitute a form intermediate between that of the camels 
and of the Macrauchenia. An anterior dorsal vertebra is more strongly 
opisthocoelian, resembling that of the lama. The diapophysis has a reni- 
form tubereular surface, which looks downward; from its posterior in- 
ferior angle a strong fold-like ridge originates, and is continued as the 
posterior margin of the neural arch. Below the capitular facet a short 
ridge originates, which incloses a median fossa with its fellow on the an- 
terior half of the centrum. A lumbar exhibitsa strongly depressed cen- 
trum and the absence of an epiphysis from it, and from the dorsal de- 
seribed, indicates the immaturity of the individual. 

The humerus is little expanded distally, and is truncate from the 
trochlear margin on the inner side. The posterior portion of this face 
is produced into a strong tuberosity, of which a trace may be observed 
in the lama, which prevents the extension of the forearm beyond an angle 
of 180°. The inner trochlear face has the greater sweep and less width, 
and is uninterrupted ; the outer is wider, and is divided into two nearly 
coincident planes. There is a supracondylar foramen. 

The forearm is long and slender, and the ulna codssified its entire 
length, except a foramen nearits distal end. The meduliary cavities of 
the two bones are separated for the proximal half of their length. 
A shallow groove distinguishes the ulna proximally, and at the middle 
of the shaft the latter forms an acute edge. Distally the combined 
bones present three planes, two lateral and a median. The lunar facet 
is most impressed ; the scaphoid and unciform are equally prominent. 

The carpus consists of eight bones, the entire mammalian number, all 
entirely distinct. The second series presents the most important peculiar- 
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ities. The trapeziumis small and posterior; the trapezoides has an almost 
entirely lateral presentation, and is also small, and fits an angle of the 
magnum ; the metacarpal facets of the latter bones are continuous and 
uninterrupted. The magnum is flat and transverse ; the wnciform is near- 
ly as broad and less depressed ; it presents two inferior articular faces, 
the lesser and interior for the third metacarpal; that for the fifth meta- 
carpal is wanting. 
There are two principal and two rudimental metacarpals. The third 

articulates with half of the trapezoides, the magnum, and a fourth of 
the unciform; the fourth with the remainder of the unciform. The 
second and fifth are very short and wedge-shaped, and closely adherent 
in shallow fossae of the third and fifth respectively. The latter are dis- 
tinct, and present no traces of present or prospective attachment; their 
opposed faces are only flattened on the proximal three-fourths, and 
rounded on the remaining fourth. Their articular extremities present 
no basal ridge, and the median keel is posterior, terminating at the dis- 
tal center. The basal phalanges are short, and with a distal trochlear 
groove; those of the second series are half as long. 

Measurements. 
[M. 

Length of the continuous six molars.....-........2-----22.2.. 0.058 
Depth of mandible at M. 2.-..........-- Beh pV ATER ae ate he 022 
Keneth.of atlas) (on cémtrum)iuise 45. 22s pee ge ae 035 
Henathuof third -cervieal pvertebraci.\ 201 ys seek Oe: .056 
Sich ofcentrum, behinds a2 sho eee eis le ok ee ES 020 
Mencaot centrumibehinds).seabe te Need ee tee Ie O15 
Depth of centrum behind with bhypapophysis.......-.--.--...-- .020 
Expanse of diapophyses of fourth cervical.......-.- Rs SERN desis 034 
Exxpanse of zygapophyses of fourth cervical... ..........-.---. 038 
ieneth oncentrum frst.dorsal <i) yat Js eee ee be ee 025 
Nvwidinot centrum first dorsale 2. Yeso515. 22... 2 See aes .020 
Depthrot: centeumeirst:- dorsal sy oiyoos Lele an fe si es ee, 014 
Width of humerus distally.......-.-... UE SUAS, SN Mea aR 024 
MOE ORE VOUS Te JPR Ce Gee ete Oe Vai FIM, 213 SASS 
Wadthroeoksdo: proximally jack ake | o<sthit). Wes aitd s D Otay. .018 
Width of do. distally (greatest with ulna).......-.-....--..--- 023 
Geneth ot: lunar, (anterior: face). 3244). 324.4. Het .. 009 
ensth of magnum, (anterior face) so: % oo. arate aie. O12). be 004 
Widthiof carpus: distallys i220 Ae Oe) SOS SA ie oa AN .020 
Width of III and 1V metacarpals proximally...........-.-.--.- 019 
Width of III :metacarpal proximally... 22.22... 2-2..2.4020 202.2: O11 
Wadthroimi Ell metacarpal distally 1 27.3 eck eee SP .009 
Length of III metacarpal...-..-..... ONURAg SSeS Pica SEL e MS Buri ec 131 
Mensth of proximalphalange to. aye. ek Cae ee a 2 O17 
Length of phalange of second row.....@..........55...2...... .010 

The above analysis determines some interesting relations of this ge- 
nus. The cervical vertebre indicate affinity to the Camelide and there 
is nothing in the remainder of the structure to contradict such relation. 
‘The separation of the os trapezoides is found in the camels and very few 
others only among Ruminantia, but in the presence of the trapezium 
Poébrotherium shows relationships to more ancient types as Anoplotherit- 
de, &c. The reduction of the digits to two, and the separation of the 
metacarpals point in the same direction ; indeed the number of carpals 
and metacarpals is precisely as in Xiphodon. But the mutual relations 
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of these bones are quite different from what existsin that genus, and is 
rather that of the Camelide and other ruminants, or what Kowalevsky 
has called the “ adaptive type.” This author has seen in the genus Gelocus, 
Aym., from the lowest Miocene or upper Eocene of France, the oldest rumi- 
nant, and the probable ancestor of a number of the types of the order, 
but among these he does not include the Camelide. The present ‘genus 
aS amore generalized type than Gelocus,in its separate trapezoid and dis- 
tinct metacarpals represents an early stage in the developmental his- 
tory of that genus. It also presents affinity to an earlier type than the 
Tragulide, which sometimes have the divided metacarpals, but the trap- 
ezoides and magnum co-ossified. In fact Poébrotherium as direct ances- 
tor of the camels, indicates that the existing Ruminantia were derived 
from these lines represented by the genera Gelocus for the typical 
forms, Poebrotherium for the camels, and Hyaemoschus tor the Traguli- 
de. The first of these genera cannot have been derived from the sec- 
ond on account of the cameloid cervical vertebre of the latter, and all 
three must be traced to the source whence were derived also the Anoplo- 
theriide, perhaps the little known Dichodontide. 

The two distinct metacarpals, separate trapezium and trapezoides, 
cameloid cervical vertebree and dentition, characterize this type as a pe- 
culiar family which may be called Poébrotheriide. The genus from 
which it takes its name was originally referred by Leidy to the Camelide. 
Allied genera are Hypertragulus Cope, Leptomeryx Leidy, and Hypisodus 
Cope, but there is good reason to believe that most or all of these 
genera are true ruminants, having the two metacarpals co-ossified, and 
the cuboid and navicular bones more or less completely united. Their 
cutting premolar teeth and foot structure refer them to the Tragulida, 
if the cervical vertebrae are not cameloid. 

HYPISODUS MINIMUS Cope; Leptauchenia minima Cope, Pal. Bulletin, 
No. 16, p.8; Hypisodus ringens Cope, Synopsis New Vertebrata, Colo- 
rado, p. 7. 

This exceedingly small ruminant was very abundant during the pe- 
riod of the Oreodons, &c. I cannot discover any characters in the 
portions of dentition, (all except the superior P. M. 1 and 2,) at my dis- 
posal, by which to distinguish it from Poébrotherium, although such may 
exist. The incisors, canine, and first premolar form an uninterrupted 
series of ten simple teeth at the symphysis. 

This genus should doubtless be referred to the same group as Lep- 
tomeryx, Hypertragulus, ete. 

HYPERTRAGULUS CALCARATUS Cope, gen. nov. Leptauchenia calcarata 
Cope, Pal. Bulletin, No. 16, p. 7. 

This genus is allied to Dremotherium Geoffr., and Leptomeryx Leidy. 
The diagnoses may be thus compared; that of the first I derive from 
Pomel. 

Hypertragulus Cope. Molars 6-6; first superior premolar without in- 
ternal lobe; inferior premolars differing in form, the first one lobed, 
situated at a distance from the second, which is sectorial and not three- 
lobed. 

Dremotherium Geoff. Molars 6-6; tirst superior premolar without in- 
terior lobe; inferior premolars similar, three-lobed and contiguous. 

Leptomeryx Leidy. Molars 6-6; first and second superior premolars 
three-lobed, and with an internal lobe, third with an inuer and an outer 
crescent. Inferior premolars similar, three-lobed and contiguous. 

In Hypertragulus the third upper premolar exhibits an internal as well 
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as an external crescent. The canine of the inferior series stands in the 
middle of a considerable diastema, which is preceded by three incisors. 

Char. specif.—The second superior premolar is quite short, and its in- 
ner lobe small. The last premolar has a strong cingulum on the ante- 
rior and especially on the posterior faces of the last premolar. The 
superior molars have no rib nor column opposite the interval between the 
crescents; the last molar exhibits four ribs on the outer side. The sec- 
ond (third) inferior premolar is compressed and elevated and much 
shorter than the third, which is three-lobed. The posterior crescents of 
the last inferior molar are opposite and not separated posteriorly by a 
fissure. 

This very abundant species of musk is a little smaller than the 
Leptomeryx evansii. 

HYPERTRAGULUS TRICOSTATUS, Sp. NOV. 

Represented by the superior molars of one individual, and, perhaps, 
by numerous mandibles, which I cannot certainly associate with them. 
The last premolar has, as in the preceding species, a strong posterior 
cingulum, but there are only three ribs on the outer side of the third 
molar, the characteristic heel being absent. The latter also lacks the 
cingulum which passes round inner side of the bases of the crowns in 
C. calcaratus, its representative being the basal tubercle between the 
inner lobes of that and the other molars. 

LEPTOMERYX EVANSII Leidy, Anc. Fauna Dak., Nebr., p. 165; Tri- 
merodus cedrensis Cope, Pal. Bullet., No. 16, p. 8. 

The form of premolars characteristic of Trimerodus, as cited, pertains 
also to this genus. The species represents the smaller forms, but I find 

‘a considerable range in size in the numerous specimens obtained, and 
do not, at present, regard them as belonging to more than one species. 
ISCHYROMYS TyPuUS Leidy, I. chrysodon Cope, Synopsis Vert. Col., 

1873, p. 2; Colotaxis cristatus Cope, Pal. Bull., 15, p. 1. 
This species varies considerably in the form of the premolar teeth, 

and I believe the above names refer to varieties, not species. 

ELOTHERIUM RAMOSUM Cope, sp. nov. 

Established on the greater part of a mandible, with teeth from a 
cranium which, when complete, must have measured nearly two feet 
and a half in length, indicating an animal not smaller than the largest 
living rhinoceroses. The species is remarkable for the great size of the 
tubercles on the under side of the mandibular ramus, especially the 
anterior pair. The symphysis is narrow, and the tuberosities form two 
branches, whose bases occupy the entire lower part of its anterior face. 
They are several inches long, and directed outward and downward. 
The posterior edge is acute, and the extremity very rugose, as though 
for the attachment of a horny cap. The outer face is flat, the inner con- 
vex. The second tuberosity is below the first true molar, is flat and 
turned outward, with apex obtuse in profile. The molar teeth number 
seven; the first and second of the four premolars are separated by a 
diastema, and have but a single root. The tubercles of the molars 
are low; the crowns of some of the premolars have a cingulum in front 
and behind. The canines are lost, but their alveoli indicate huge size ; 
the root possesses an open groove on the front of the inner side. The 
outer incisors large; the last molar two-lobed and rather small. 
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\ Measurements. 
M. 

Length of series of inferior molars.......---- Pere A cre hyo. 0. 370 
Long diameter of canine alveolus (28.5 lines).....---......-.-- . 060 
Weneth of true molar series...) 4— =~ 2. io eee . 140 
Length of crown of fourth premolar ._...-..-....-.---.- EER . 053 
Height of crown of fourth premolar, (worn).-.-.-.-.----------- . 022 
Width symphysis between canines. : 7.2). 0... 25..5 522 See . 090 
Leneth of chin process, (3.5 inches) ....:.....--.-------...22.5 . 090 
Wadthianteroposteriorly occ 22 0 So Se ete . 080 
Length of interval to the second tuberosity ......-...--....--- . 150 
Length of basis of the second tuberosity ....-...-..-..-------- . 075 

The only species which it is necessary to compare with the H. ramosum, 
in respect to size, is the H. imperator Leidy, (H. superbum Leidy, an 
older but less appropriate name,) kuown from afew teeth (none molars) 
from California and Oregon. The long diameter of the canine is to that 
ot H. ramosum as 54 to 74. 

SYMBORODON TRIGONOCERAS Cope. Synopsis of New Vertebrata, Colo- 
rado, 1873, p. 13. 

This species has recently been described by Prof. O. C. Marsh under 
the name ot Brontotherium imgens, and a cranium figured, in the Ameri- 
can Journal of Science and Art, 1874, p. 85. The advance copies bear 
date December 30, and are therefore subsequent to the issue of the 
“Synopsis” above cited, which took place on October 16. Several 
crania in my possession agree with the one figured by Professor Marsh. 
A large proportion of the characters mentioned in his paper as charac- 
teristic of the species and genus will be found in the Synopsis, p. 14, 
and in the Paleontological Bulletin, No. 15, pp. 3-5; and the ascription 
of a proboscis to the genus in the “Independent” (New York) for Oc- 
tober 30, 1873. Professor Marsh states that the genus Symborodon 
Cope is not distinct from Brontotherium Marsh. The latter was de- 
scribed by him as possessing four inferior incisors ; in Symborodon there 
are no inferior incisors whatever. This I have verified on perhaps a 
dozen mandibles of several species. I have not identified any as cer- 
tainly belonging to this one; so that if it possesses incisor teeth, as 
stated by Protessor Marsh, it should be called Brontotherium trigo- 
nNoceras. 

Published January 21, 1874. 
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Pan A ORY IN Oul rE: 

Now that two number: of the Bulletin have been issued by the Survey, 
a word of explanation as to the object of its publication seems to be 
necessary. The vast amount of new material in all departments of nat- 
ural history collected in the West under the auspices of the Survey, 
and in some instance demanding prompt publication, suggested the 
present form, in order that this new matter might not be too much scat- 
tered, either in the proceedings of societies, or in independent papers 
not easily accessible to the scientific student. The annual report will 
not appear until late in the summer, (July or August,) and, in consequence, 
the Bulletin will be issued from time to time as the necessity arises for 
the prompt publication of valuable matter. 

Thearticle by Professor Copein the present number of the Bulletin is one 
of noordinary value. While I dissent from some of his views, I regard his 
researches as having a direct bearing on the solution of the problem to 
which I have repeatedly called the attention of geologists in my annual 
reports as the most important one in the geology of the western portion of 
our continent, viz: The relations of the Cretaceous and Tertiary periods to 
each other. I have always expressed my belief in the continuity of all 
the great formations from the Silurian to the present time, and that the 
highest privilege of the geologist is to discover the evidence that bridges 
over all chasms and obliterates all the lines of demarkation. When our 
knowledge of the geological history of the world is more complete, we may 
expect to find well-marked beds of passage or transition between all the 
great groups of the geological scale. Hitherto, the chasm between the 
Cretaceous and the Tertiary periods has been very marked; but the evi- 
dence now so rapidly accumulating points to the conclusion that this, too, 
will be bridged over. The solution of this problem has also a most inti- 
mate connection with the physical growth and history of the western por- 
tion of our continent. One ofthe principal objects of the survey for years 
has been, to collect all the evidence bearing on this subject that could 
be secured, and, with this thought in view, I have requested Professors 
Leidy and Cope to approach the problem through the extinct vertebrate 
fauna, Mr. Lesquereux through the fossil flora, and Mr. F. B. Meek 
through the study of the invertebrata. The differences of opinion as 
to the age of the formations under discussion have been very great. 
Upto within acomparatively recent date I have regarded the entire Lig- 

nitic group of the West as of Tertiary age. My own explorations began 
at an early period (1853) in the Northwest, along the Missouri River and 
its tributaries. There, the Lignite group is largely developed, and is even 
at this time supposed by some of our best geologists and paleontologists 
to be of Middle Tertiary age. This group in the Northwest indicates a 
brackish-water deposit at the base, but is mostly of purely fresh-water 
origin. I traced this group, without interruption, from latitude 49° north, 
along the east base of the Rocky Mountains southward, to a point near 
Laramie Peak, latitude 43°, where it is overlapped by the White River 
deposits for a distance of about two hundred miles. The lignitic beds 
rise again to the surface about fifteen miles south of the Union Pacific 
Railroad. A very narrow range of mountains separates this group from 
the Laramie Plains, and prior to the elevation of the mountains, no 
doubt, the surface-continuity was unbroken. During the summer of 
1868 I made a careful examination of the coal-beds at Bear River Sta- 
tion and Coalville, Utah, and there I found the first proof that I had 
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detected that the lignitic group extended down into undoubted Cretace- 
ous beds. My statement at that time has been overlooked, and 1 here 
beg permission to call attention to it. In a paper published in the Pro- 
ceedings of the American Philosophical Society of Philadelphia, dated 
February 19, 1869, page 48, will be found the following paragraph : 

‘Near Coalville, a little town in the valley of Weber River, five miles 
above the mouth of Echo Creek, coal outcrops several times. At 
Sprige’s opening, the dip is 20° or 30° east; and the coal-bed is about 
fifteen feet thick, capped with gray sandstone, much of it charged with 
pebbles. I was informed that in other places this pebbly sandstone 
rests directly on the coal-bed. A few hundred feet from Sprigg’s open- 
ing, a shaft to strike the same bed has been sunk seventy-nine feet deep, 
through twelve feet of gravel and sand, into black clay, that grows harder 
downward, and contains numerous specimens of a species of Ineceramus, 
Ostrea, and Ammonites, showing that the black clays are certainly of 
Cretaceous age. If these beds do actually lie above the coal, as the dip 

- would indicate, then this formation, of doubtful age, extending from 
Quaking Asp Summit to Salt Lake, must be Cretaceous, and some of the 
finest coal-beds in the West are in rocks of that age.” 

At Bear River City I found, in considerable numbers, Inoceramus, 
Ostrea, and other marine forms of mollusks above the principal coal- 
bed, which is nearly vertical in position; but neither at Bear River City 
nor at Coalville have I ever known of any plants being detected below 
the lowest coal-bed. At Evanston, about twelve miles west of Bear River 
City, the thickest bed of coal in the West is found, and above and below 
it I found, in 1871, a great number of species of plants, many of which 
have an extended vertical as well as horizontal range in the lignitie 
group. It is plain, therefore, that the coal. at Evanston is of more 
modern age than that of the Bear River group, as shown at Bear River 
City and Coalville, Utah. As we go southward into Southern Utah, 
New Mexico, and Arizona, the greater portion of the coal-beds are in 
rocks of undoubted Cretaceous age. It seems conclusive, therefore, 

_ that the lignitic group began in the Cretaceous period in the marine 
seas and continued on upward, through the brackish-water times, into 
the purely fresh-water deposits. 

The illustrated volumes on the paleontology of these formations, which 
will probably appear within a year, will doubtless define with greater 
precision the various divisions of the Cretaceous and Tertiary groups, 
and settle the vexed questions of age. The very elaborate and im- 
portant volume, by Mr. F. B. Meek, on the invertebrate fossils, wili be 
ready for the press the coming summer. The plates are now engraved. 
The memoir of Lesquereux on the flora of the Dakota group with twenty- 
eight plates is now ready, and he is now at work on the Tertiary flora. 
All the other volumes are in an advanced state of preparation. 

I would call attention to the very important article in this number of 
the Bulletin by Professor Lesquereux on the extinct flora of the Dakota 
group; also the article on the new species of orthoptera, by Professor 
Thomas, and the interesting notes on the mountain-ranges of Colorado, 
by Mr. Gardner. The elevations of the mountain-peaks, which occur in 
the various districts surveyed by the party during the past summer, 
will prove of great practical value. 

In Bulletin No. 1 I inadvertently omitted to include the names of 
Robert Adams, jr., assistant quartermaster, and Mr. C. Adams, among 
the members of the corps for 1873. . 

F. V. HAYDEN, 
United States Geologist. 



PHILADELPHIA, February 1, 1874. 

Sir: Please find accompanying a catalogue of the species of verte. 

brata whose remains are known to occur in the various formations of 

the cretaceous period west of the Mississippi River. I preface it*with 

@ few notes on the stratigraphy of the upper beds, mostly taken while 

attached to the United States Geological Survey during the summer of 

1872. I desire to express my indebtedness for the loan of much valua- 

ble material used in the present investigation to Professor B. ¥’. Mudge, 

of Manhattan, Kansas; also to Dr. John H. Janeway, post-surgeon at 

Fort Hays; to Professor Merrill, of Topeka, and to Messrs. Weltman 

and Henry Swigart, of Evanston, Wyoming. 

I am, with best wishes, 
; EDWARD D. COPE, 

; Paleontologist. 
Dr. F. V. HAYDEN, 

Director of the United States Geological Survey of the Territories. 
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REVIEW 

OF 

THE VERTEBRATA OF THE CRETACEOUS PERIOD FOUND 
WEST OF THE MISSISSIPPI RIVER. 

BY EDWARD D. COPH, A. M. 

ECTION 1.—ON THE MUTUAL RELATIONS OF THE CRETACEOUS AND 

TERTIARY FORMATIONS OF THE WEST. 

The subject which it is proposed here briefly to diseuss 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 henee 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 lat- 
ter 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 distinctly defined. 
These are as follows: 

I. THe DAxora 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. 

Il. 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. The present list includes only three species from it, namely: 
Hyposaurus vebbu, a crocodile; Apsopelix sauriformis, a clupeoid and 
Pelecorapts var ians, a ctenoid fish. Other species of fishes occur in the 
same formation in Kansas. 

Ill. THe NIoBRARA group. From the Missouri, Kansas, and Texas, 
according to Hayden. Contirmatory of the last locality are remains of 
Pythonomorphor from that State, discovered and sent to me by Dr. A. 
R. Roessler. I have also described a species of that order as common 
to Eastern New Mexico and Western Kansas; and Hayden and Seconti 
state that it appears north of the Arkansas in Southern Colorado. Ver- 
tebrate remains are abundant in this formation, and it has furnished 
a majority of those enumerated in the following catalogue. They are 
distributed as follows, among the orders of Vertebrata: 

Aves— 
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Reptilia— 
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Pisces— 
ESOSPOMOUIL. Ook ee anes Caden fe leder crocs wn). os. See 31 
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IV. THE PIERRE group; in Nebraska, and 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 in Central Dakota; on the Ar- 
kansas and tributaries in Southern Colorado; and as the second SHES T= 
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 in- 
closed by the elevation of parts of the 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 proven by Hayden and others. 
It appears impossible, therefore, to draw the line satisfactorily 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 re- 
lates to the most combustible deposits of the West, but also to the 
‘‘nartie honteuse” of cotemporary 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 distinct 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.* (1.) Pla- 
cer Mountain; locality, New Mexico. (2.) Cation City coals, Southern 
Central Colorado. (3.) Fort Union, or Lignite group; Dakota, Montana, 
and Wyoming. (4.) The Bitter Greek Series ; embracing the Bitter 
Creek coals, Wyoming. (5.) Bear River group, Western Wyoming. To 
these may be added the Judith River beds, of Montana, which Dr. Hay- 

* Hayden’s Annual Report, 1870, p. 167. 
+ For a review of the extinct reptiles of this epoch, see the author’s Extinct Batrachia 

Reptiia, etc., N. Am., 1870 
e Geological Survey of Coase, 1869, p. 90. 
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den has placed with reservations below the Fort Union series, leaving 
their final location for future discoveries. 

No vertebrate remains having come under the author’s notice from the 
Placer Mountain and Cation City formations, 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 them has indicated such a conclusion to Leconte*, as it has 
in the case of the Weber River bedsto Dr. Hayden.t To near the same 
horizon is perhaps to be referred the coal observed by Prof. Marsh{ 
on the south side of the Uinta Mountains in Utah, which were overlaid 
by strata containing Osirea congesta. This may, indeed, be referred toa 
still older period, as that oyster is characteristic of No. 3, according to 
Meek and Hayden. The Placer Mountain and Caion Oity groups are 
nearer to No. 5, but the precise relation to it has not yet been determined. 
I therefore proceed to the Fort Union group as No. vi. 

This extended deposit is stated by Hayden§ to extend from the Missouri 
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 comparative lists 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 punciulatus, Plastomenus punctulatus, 
Plastomenus insignis, * 
Trionyx vagans, Trionyx vagans, 

"a - Ischyrosaurus antiquus, 
be is Plesiosaurus occiduus. 

Bottosaurus perrugosus, * * 
Polyonax mortuarius, i i 
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 Sauwropterygia and Dinosauria establishes conclu- 
sively the Cretaceous and Mesozoic character of that fauna.* ‘This refer- 
ence was made by the writer in 1869, and was at that time opposed to the 
views extant, both geological and paleontological. The following ex- 
hibits 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, I. c., p. 255; Lignite referred to the Miocene. 
1856. Meek and Hayden, 1. ¢., 113; referred to Lower Tertiary. 
1856. Leidy, 1. ¢., p. 312. Thespesius occidentalis, (Hadrosaurus ; i re- 

ferred to the Mamuinalia and regarded as perhaps Dinosaurian. 

*Report on the Geology of the Smoky Hill Pacific Railroad Route, 1868, p. 66. 
tAnnual Report, 1870, p. 168. 
{ 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. 

‘* Two species are provisionally referred to the Tertiary genus Plastomenus, but are too 
fragmentary for final determination. 
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1856. Leidy, 1. ¢., 1856,"p. 89; Ischyrosaurus referred to the Mammalia 
~ 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 from the 
Missouri and the Laramie plains. 

1868. Leconte, Exploration of the Smoky Hill R. Rh. 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 proven 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 vertebrateremains, namely, six species of Reptilia. Four 
of these are Dinosauria, and hence diagnostic of the Mesozoic age of the 
formation. Thepresenceof a species, Hadrosaurus mirabilis Leidy, closely 
allied semeealy and specifically to a species (4. foulker) of Cretaceous 
Nos. 4 and 5 of New Jersey, induces me to believe that the formation is 
Cretaceous, and such would appear to 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 formation lke that of the Wealden in Europe.”* Meek and 
Haydent remarked, “ Weare inclined to think with Prof. Leidy that there 
may be at the base of the Cretaceous system a fresh-water formation 
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 iessrelated 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 Kort Clark and other Upper Missouri loeali- 
ties may also be Upper Cretaceous instead of Lower Tertiary. That the 
Judith River beds may be Cretaceous, Lam, in thelight 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 
Hocene. ‘That they are not is certainly strongly indicated not only by 
the modern affinities of their molluscan remains, but also by the state ot 
preservation of the latter,” &c. It is thus evident that the paleontolo- 
gists as well as stratigraphers have continued to regard the Lignite 
Series as Hocene and not Cretaceous, as is and has been maintained by 
the writer since 1868. . 

VII. THE BITTER CREEK SERIES, mentioned by the writer as a dis- 
tinct group in the proceedings of the American Philosophical Society, 

*Proceedings Academy Philadelphia, 1856, p. 73. 
tL. ¢. 1856, p. 114. 
*Hayden’s ‘Annual Report, 1872, p. 450. 
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1872, (published on August 12,) is apparently regarded by Mr. Meek 
also as representing a distinct epoch.t 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.* 
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, t 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 continues 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 carbonaceous 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 of 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 embedded 
in leaves and sticks of dicotyledonous piants, 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 bed of coal just above it soon follows; then a bed of shells con- 
taining oysters, more and less numerous at different points, may be 
traced for some distance before it also disappears. Near the latter point 

f{Hayden’s Annual Report, 1872, pages 459, 461, published April, 1873. 
* 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. 

t See Hayden’s Annual Report, 1872, pp. 457, 525. 
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a bed of melaniaus 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 Ter- 
tiaries very instructively. The whole series rises slightly to the south- 
ward, and more distinctly to the westward, so as to form an escarp- 
ment 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 elsewhere the land mark 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 chiefiy 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 Hyracotheriwm of . 
the Hocene 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 vertabrate 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, Hmys megantax. 

Hmys pachylomus. 
Hmys enthovetus. 
Lrionyx scutumantiquum. 
Alligator heteorodon. 

MAMMALS, Orotherium vasacciense, and fragments of others too imper- 
fect for determination. 

In the third bank, in immediate juxtaposition with the remains just 
enumerated, | 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 
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 terminate in a 
high escarpment, in north and south line with that of the Bitter Creek 
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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 I suspect that the conformability is very close, if not exact, 
and similar to that mentioned by Meek and Bannister as exhibited by 
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 peeuliarity. 

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; [ only found remains of tortoises on 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 Lever beheld. The 
lower portions are bright red, which color predominates toward the West 
where the bluffs descend toa ‘lower elevation. I found on them remains 
of a turtle (Hmy enthnetus 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 sand-stones, forming a bluff of filty 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 descending and widening toward the south. 
I estimated the height of the eastern end to be at least one thousand 
feet above the plain surrounding it. Numerous mammalian remains* 
demonstrated that this mass is a part of the Bridger Hocene, although 
as Mr. Emmons, of King’s survey, informs me, no continuous connection 
with the principal area west of Green River can be traced. The total 
thickness of the Green River and Bridger formations on this section 
cannot be far from twenty-five hundred feet at a very rough estimate. 

The point of transition from the Cretaceous 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 
the formation must be accounted as Cretaceous, on account of the pres- 

_ ence of the Dinosaurian Agathaumas sylvestris; and those above it, as I 

*See The Monster of Mammoth Buttes, Penn Monthly Magazine, 1873, August. 
*On Bathmodon, an extinct genus of Ungulates, Feb. 16, 1872. Hayden’s Annual 

Lou 1870, p. 431; Annual Report, 1872, p. 645. 
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have already pointed out, Hocene,* 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 freely charged with the fossil relics of marine 
lite; 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, (page 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. Lesquereux, as is known, regards these beds 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 of 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 the identitica- 
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. Meck, 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 Calitornia Cretaceous species, than from any very positive evidence. 
As far as I know, the only evidence of this kind is the identification by 
Prof. Cope of the Saurian remains found by us at Black Butte.” 

Jt 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 
borders of the Green River Basin, or are concealed by the superincum- 
bent Tertiaries. Instead of these, a comparatively thin bed of appar- 
ently unfossiliferous quartzite or sandstone lies at a high angle against 

tExploration of the 40th parallel, p. 458. 
* Annual Report, 1872, 534. 
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the bases of the Uinta* and Ham’s Fork Mountains respectively, on beds 
of Jurassic age, which are probably Cretaceous No. 1, (Dakota.) The 
beds observed by Prof. Marsh on the south side of the Uinta Mountains, 
on Brush Creek, belong neither to the Dakota nor Bitter Creek epochs, 
but perhaps to No. 3, if, as Prof. Marsh asserts, the oyster found in a 
superjacent stratum is Ostrea congesta, Con.; it is in any case of no later 
date than the Cafion 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. THz 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 becomes slaty 
in character, and descends 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, 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 carbonaceous material in the 
white shales, (which I take to be of the Green River epoch.) In the lower 
strata, in this locality as well as on the east side of Green River, above 
the mouth of Labarge Creek, are numerous remains of fishes similar to 
those of Green River City, with insects and their larve, shells like Pupa 
and Cyrena, and millions of Cypris. The larve are dipterous, some 
nearly an inch long, and others minute, and in prodigious numbers. With 
them are found stems of plants, but no leaves. These beds rise with a 

*See Hayden’s Annual Report, 1870. Marsh, American Journal of Science and Arts, 
March, 1871. 
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very gentle dip, and twenty miles from the mouth of the creek termi- 
nate 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 a 
ridge of high hills having a N. by H.andS. by W. trend, through which the 
Fontanelle cuts its way in adeep canon. This range is monoclinal, the 
strata dipping 45° E. and their outcrop on the summit and eastern 
face. The first bed which forms the surface of the incline is rather thin, 
and is composed of a reddish quartzite without fossils, no doubt of Cre- 
taceous age. Below it is a stratum of highly fossiliferous bluish lime- 
stone of Jurassic age, containing Pentacrinus asteriscus M. and H., Tri- 
gonia, etc. Below this a reddish sandstone presented a similar thickness, 
which may represent the trias, which rests on a bluish shale formation. 
We have now reached the base of the western side of the hills; from 
their summit we have had a beautiful 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- 
bered. 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 echelon from the western side and run diagonally, 
striking the eastern side many miles to the southward. At the cafion 
of the Fontanelle six of these hog-backs occupy the valley, and the num- 
ber varies as we proceed down the valley. The structure changes from 
the same 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 angie 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 eastern 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 I 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- 
ails. 

The result 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 exists 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 bed sixty 
miles north of 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 is passed by the Union Pacific 
Railroad at and west of Aspen Station, as is described by Dr. Hayden, 
(Annual Report, 1870, p. 149.) He here points out that the distinctness 
of the two basins was marked during the Tertiary period, and hence 
names the deposits of the western area the Wahsatch group, regarding 
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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 loeal- 

ity yielded the following species: 

Perissodactyle bones, two species. 
Orotherium vasacciense. 
Crocodilus, sp. 
Alligator heterodon. 
Trionyx scutumantiquum. 
Emys testudineus. 

gravis. 
Clastes glaber. 
Unio, two species. 

The lower sandstone beds yielded the following mammals: 

Bathmodon radians. 
semicinctus. 
latipes. 

Orotherium index.* 

* Cope, Paleontological Bulletin, No. 17, 1873. 

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. Five hundred feet vertically below the Bathmodon bed a 
stratum of impure limestone crops out, forming the slope and apex of a 
portion of the bluff. In this I found the following vertebrates: 

Reptiles: Trionyx scutumantiquum. Fishes: Rhineastes calvus. 
Emys (?) euthtunes. 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 identify 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 Missouri 
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 similar in 
character and apparently conformable, so that they appear to belong 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 re- 
ferred to that division of the Cretaceous period. This conclusion is, 
however, only provisional, and Dr. Bannister’s remarks* are much to 
the point. He says: 

“Yn the upper beds northeast of Evanston,” (the ones I describe above,) 
‘“‘ there seems to have been a considerable disturbance besides the mere 
tilting of the beds, and from the altered direction of the strike * we were 

* Proceedings Acad. of Nat. Sciences, 1872, p. 2 
t Proceedings American Philosophical Society, 89, p. 473. 
* Hayden’s Annual Report, 1872, p. 541. 
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led to suspect considerable lateral displacement 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, * * * Ido not know the grounds of 
Prof. 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 conformable to the main coal, the facts, so 
far as they are known to me, do not seem sufficient for such identifica- 
tion.*” This point offers, therefore, a more complete continuity in strati- 
fication and mineral character from the Cretaceous to Tertiary deposits 
than any other which I have had the opportunity of examining. 

CONCLUSION. 

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 conclusions. I have alluded but 
cursorily to the opinions of Mr. Lesquereux and Dr. Newberry as based 
upon the study of the extinct flora. They have, as is well known, pro- 
nounced 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 determination 
is based is abundant, and the latter must be accepted as demonstrated 
beyond all doubt. I regard the evidence derived from the molluses in 
the lower beds, and the vertebrates in the higher, as equally conclusive 
that the beds are of Cretaceous age. There is, then, no alternative but 
to accept the result, that a Tertiary flora was cotemporaneous with a Cre- 
taceous fauna,* establishing an uninterrupted succession of life across what 
is generally regarded as one of the greatest breaks in geologic time. 
The appearance of mammalia and sudden disappearance of the large 
mesozoic types of reptiles may be regarded as evidence of migration, and 
not of creation. It isto be remembered that the smaller types of lizards 
and tortoises continue, like the crocodiles, from mesozoic to Tertiary time 
without extraordinary modification of structure. It is the Dinosauria 
which disappeared from the land, driven out or killed by the more active 
and intelligent mammal. Herbivorous reptiles like Agathawnas and 
Cionodon would have little chance of successful competition with beasts 
like the well-armed Bathmodon and Metalophodon. Thereis 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 confirms, 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. 
*The circumstance of the discovery of a mesozoic Dinosaur, Agathawmas sylvestris, 

with the cavities of and between his bones stuffed full of leaves of Eocene plants 
(Lesquereaux,) 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, Gral. Surv., Colorado, 1869, p. 197, Dr. 
Hayden observes, ‘“ There is no proof, so far as I have ob&ervee in all the Western 
country, of true non-conformitp between the Cretaceous and tower Tertiary beds, and 
no evidence of any change in sediments or any catastrophe sufficient to account for 
the sudden and apparently complete destruction of organic life at the close of the 
cretaceous period.” 
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Sec. II. List OF SPECIES OF VERTEBRATA FROM THE CRETACEOUS 
FORMATIONS OF THE WEST. 

AVES. 

NATATORES. 

HESPERORNIS, Marsh. 

HESPERORNIS REGALIS, Marsh. Amer. Jour. Sci. Arts, {1872, p. 56, 
1. c., 1872, p. 360. 
Niobrara group, or No. 3 of the Smoky Hill. 

GRACULAVUS, Marsh.. 

GRACULAVUS ANCEPS, Marsh. Amer. Jour. Sci. Arts, 1872, (iii,) p. 364. 
Niobrara Cretaceous of the Smoky Hill. 

SAURUR. 

ICHTHYORNIS, Marsh. 

ICHTHYORNIS DISPAR, Marsh. Amer. Journ. Sci. Arts, 1872, p. 344 
(iv,) and 1873, p. 74, (v.) February, 1873. 
Niobrara Cretaceous of the Smoky Hill. 

ICHTHYORNIS CELER, Marsh, loc. cit., 1872, p. 406, (iv,) Apatornis celer, 
(name only,) loc. cit., Feb., 1873. 
Niobrara Cretaceous of the Smoky Hill. 

REPTILIA. 

DINOSAURIA. 

AGATHAUMAS, Cope. 

The characters of this genus are derived from the typical species A. 
sylvestris, which is represented by dorsal and lumbar vertebre, and an 
entire sacrum, with the ilia, one nearly entire ; ribs, and a number of the 
bones the character of which have not yet been positively ascertained. 
One of these resembles the proximal part of the pubis ; ; others, portions 
of the sternum, &ce. 
On eight, and perhaps nine, vertebre anterior to the sacrum, there is 

no indication of the capitular articular face for the rib. This facet is 
found, as in Crocodilia, at or near the base of the elongate diapophyses. 
The centra are slightly concave posteriorly, and still less 50 on the ante- 
rior face, with gently convex margins. The neural canal is very small, 
and the neural arch short and quite distinct from the centrum, having 
scarcely any suture. The neural arch has asubeubical form, partly trun- 

- cated above by the anterior zygapophyses. In like manner the base of 
the combined neural spine and diapophyses are truncate below by the 
square-cut posteriorzyapophyses. ‘The diapophyses are long and directed 
upward; they are triangular in section. 

There are eight, and perhaps nine, sacral vertebre, which exhibit acon- . 
siderable diminution in the diameter of the certra. The diapophyses and 
neural arches are shared by two centra, the anterior part of the latter 

Proceedings of the American Philosophical Society, 1872, p. 482. 

2B 
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bearing the larger portion of both. The diapophyses are united distally 
in pairs, each pair inclosing a large foramen. The anterior is the most 
massive rest on-the ilium; the posterior pair the most expanded; the 
superior margins of its posterior edge form an open V with the apex for- 
ward on the neural arch of the fifth vertebra. On the last sacrals the 
diapophyses rise to the neural arch again. The exits of the sacral spinal 
nerves are behind the middles of the centra, and continue into grooves 
of the sides in all but the last vertebree. The reduced and rather elongate 
form of the last sacral vertebra induces me to believe that this animal 
did not possess such large and short caudal vertebre as is found in the 
genus Hadrosaurus, and that the tail was a less massive organ. 

The iliwm is much more elongate than the corresponding element in 
Hadrosaurus, Cetiosaurus, or Megalosaurus. Its upper edge is turned and 
thickened inward above the anterior margin of the acetabulum, and here 
the middle of the conjoined diapophyses of the second and third sacral 
vertebre were applied when in place. In front of this point the ilium is 
produced in a straight line, in a stout, flattened form with obtuse end. 
Posterior to it its inner face is concave, to receive the second transverse 
rest of the sacrum, and the superior margin is produced horizontally 
toward the median line like the corresponding bone in a bird. The pos- 
terior part of the bone is the widest, for it is expanded into a thin plate 
and produced to a considerable length. From one of the margins (my 
sketch made on the ground represents it as the upper) a cylindric rod is 
produced still further backward. The base of the ischium is co-ossified 
with the ilium, and is separated from the iliac portion of the acetabulum. 
There is no facet nor suture for the pubis at the front of the acetabulum. 

The ribs are compressed. There are no bones certainly referable to the 
limbs. 

The form of the ilia distinguishes this genus from those known here- 
tofore. It is also highly probable that it differs from some other genera 
in which the ilium is not known, e. g., Thespesius, in the smaller and 
differently formed tail. 
AGATHAUMAS SYLVESTRIS, Cope. Proceed American Philos. Soce., 

1872, 482. 
The last nine dorsal vertebre have rather short centra, the most pos- 

terior the shortest. They are higher than wide; the sides are concave, 
the inferior face somewhat flattened. The neural arch is keeled behind 
from the canal to between the posterior zy gapophyses, and a similar keel 
extends from the base of the neural spine to between the anterior zyga- 
pophyses. The neural spine is elevated, broad, and compressed ; the dia- 
pophysis is convex above and concave along the two inferior faces, most 
so on the posterior. The articular face of the first sacral vertebra is wider 
than deep. The eight sacral vertebree are flattened below, in all except 
the first by a plane which is separated from the sides by a longitudinal 
angle. The neural spines of the anterior five sacral vertebre are mere 
tuberosities. A large sutural surface for attachment of a transverse 
process is seen in the posterior third of the eighth sacral vertebra, 
which descends nearly as low as the plane of the inferior surface. On 
the tenth sacral there is no such process, but its neural arch and that of 
the ninth support transverse processes. These are more like those of 
the dorsals in having three strong basal supporting ribs, the anterior 
and posterior extending for some distance along the arch. 
Whether naturally or in consequence of distortion, the plate of the 

ilium is at a strong angle to the vertical axis of the acetabulum, and at 
the posterior part of it, the margin of the plate is free on the outside as 
well as the inside of the femoral articulation. 
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Measurements. 
M. 

Length of nine posterior dorsal vertebre.....................- 0.880 
Length of nine sacral vertebra, (3632 Lenes) Bist Mesa pie Me et aaa .930 
Length of right ilium, (two pieces, .84x.22) (41 inches) ......--... 1.060 
Length of eighth dorsal trom: sacrum 2220025 Oy: .090 
Length of base of MECURCHOO PUNY SIS 219 Airs 5 eles PRIME -085 
Depthijarticular itacer ees ese 2 EL eR es .153 
Rvadthrarticular face sens. 2 SWRI Ik Te ee CM ee -123 
Wenath second trommsacronn 2 19001) Ve gon 6 SE, Si -070 . 
Depth articular tacemrivs wee OL ee a eel ME Ty eae -155 
eacchiarticnlamtacesnst) is). Use O02 JU ee: -137 
levation menmenltcamalie’s f2).0. 22 JAP yeaa oP ea Ts 045 
Rividth neuralkeamalee.c 8 te Sesleri see Se 028 
Elevation to face of zyg BADODINSES << soe s4oeooedseeseasoncosese -104 
Elevation to base of neural spine........................00000- -150 
Length diapophysis from lower base........ sistency. dC) Pp aes -200 
Pensathinom capiiular articulation: #4). 92:00). .2 ee 125 
Anbero-posterior width above. 2.)). 52.0505, 302.2. oS OS. -050 
Antero-posterior base of neural spine.-......--..--.---......-- .070 
Antero-posterior width at zygapophysis ......-....------...... -078 
Length neural spine, (fragment) -.-..........-..... ASRS 5 Dae ASS 2 -200 
Width Centrum irsh saerake o Oae Sree. 1s Teele eS ee -160 
Depth centrum, ‘first sacral, (to neurapophysis)-.....-......-..--. -145 
Length centrum, first sacral CEPR ed eRe pees La PRUAR UPL MR IT -100 
Length centrum, S€mEMehSAcKale rm Are ae Sh UR tL ee ps -100 
Depth centrum, seventh Sacral (oelimel so. IO Ee ae es 085 
Width centrum, seventh sacral, (behind)......................- -100 
Expanse second sacral tranverse support, (22 inches)........... -560 
Length ilium anterior to acetabulum....--............0..2....- -470 
Length Ol ee tell e P AL hth ee I AO BO Oe OR a - 200 
Length of posterior te acetabulum .........-.........6.....02. -390 
Width ilium at’ anterior extremity. .............2.2.2...00000. .140 
Width ilium at front of acetabulum......-.....-..........067. -210 
Width ilium at posterior expansion.....................22...-. .250 
Thickness above acetabulum. 2)... 205.2222 000 ee . 060 
Niielthief acetalbuiumls YS ae 6) aes SRT as A -105 
Widith-ot basis of dschiuma ee). 2) Me UE Dey 085 
Nrackshwote sheath Of larrib is. 42 a SEAR Oe, Be a oe ae 062 

Other bones not yet determined will be included in the description in 
the final report. 

This species was no doubt equal in dimensions to the largest known 
terrestrial saurians or mammals. 

HADROSAURUS, Leidy. 

Cretaceous reptiles of the United States 1865, p. 76, Proceedings 
of the Academy of Natural Sciences, Philadelphia, 1856, p. 218. 
HADROSAURUS MIRABILIS. Leidy. 

Proceedings of the Academy, Philadelphia, 1868, 199. Cope, extinct; 
Batrachia, etc., 1868, 198. Trachodon mirabilis, Leidy; Proceedings ‘Acad: 
emy, Philadelphia, 1856, 72; Transactions American Philosophical Soci- 
ety, 1860, 140.—From the bad lands of Judith River, Montana. Known 
only from teeth. 
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HADROSAURUS OCCIDENTALIS. 
Cope; Extinct Batrachia, etc., p. 98. Thespesius occidentalis, Leidy. 

Proceedings of the Academy, Philadelphia, 1856, p. 311. Transactions 
_ of the American Philosophical Society, 1860, p. 151. 

From the lowest member of the lignite formation at Grand River, Ne- 
braska. ; 

Referred, by Professor Leidy, to a distinct genus under the name of 
Thespesius, on account of the slightly opisthocoelian character of the 
large caudal vertebra. Teeth unknown. 
Fragments of a large Dinosaur from Colorado were found associated 

with species of tortoises identical with those found in Dakota, in the 
horizon which contains the H. occidentalis, (see under head of Cionodon 
arctatus,) and may possibly belong to it. 1 have no identical parts in 
the two for comparison. 

Char. specif. The largest fragment of a long bone is probably from 
the proximal end of the tibia; it includes the curved inner border of the 
side, and the inner posterior tuberosity, with five inches of the inner 
head side of the shaft. The superficial layer is marked with num- 
erous closely-placed longitudinal grooves, which are replaced by a few 
coarser and deeper ones which interrupt the anglewith the articular 
surface, giving it a lobate margin. There was probably a prominent 
cnemial crest. Another fragment exhibits one flat plane, and a concave 
posterior face. It comes from near the extremity of humerrus or femu; 
it was found near the fragment of tibia. The sacral vertebra is prob- 
ably that of an animal not fully grown, as it was not co-ossified with 
those adjacent. The articular extremities are expanded, and present 
distinct faces for articulation for the large diapophyses. The one ex- 
tremity is more expanded and less thickened; the other more thickened 
and less dilated: on this rests the greater part of the base of the neural 
arch. Just at the extremity of this base the large sacral nervous for- 
amen issues, which is continued in a wide groove downward between 
the transverse expansions. Inferior surface convex. As compared with 
the fourth sacral vertebra of Agathawmas sylvestris, Cope, which it nearly 
resembles in size, it is to be observed that the anterior extremity is less 
expanded transversely as compared with the posterior; that the bases 
of support for the anterior diapophyses are not produced downward so 
far; that the sides of the centrum are nearly vertical and not sloping 
obliquely toward the middle line; and that there is no inferior plane 
separated from the lateral by a longitudinal angle, asin A. sylvestris. It 
differs in like manner from the-third and second sacral vertebrae, and 
still more from the first of the latter saurian. 

Measurements. 
M. 

eneth centrum of fourth sacral vertebrass-es--- eases oe ee ee 092 
1 PPONG....42 2 cw Ieee Eee ae aapag Nie US. eee -103 

Dransverse diameter atjamiddlen se shee ee eer ee eee 072 
postertorlice: clic. reteset ee hs ack Lys. ewe -121 

Werticaliidiameter/ posteriorly: 42 454. ae eeeeine =e). eee 092 
Diameter head of tibia antero-posteriorly................-....- -250 

HADROSAURUS AGILIS. Marsh. 

Amer. Journ. Sci. Arts, 1872, p, 301 
From the Niobrara or Cretaceous, No. 3, of Western Kansas. 
Smaller than the preceding species. 
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CIONODON, Cope. 

Bulletin of the United States Geological Survey of the Territories, 1874, p. 10.* 

Remains of species of Dinosauria were obtained at two localities in 
Colorado not many miles apart, the greater number at one of them, from 
which also all the crocodilian and turtle remains were derived. Those 
from the other deposit consist of portions of limb-bones apparently of a 
single individual of gigantic size. The more abundant fragments are 
referable to three species. A fragment of a limb-bone is very similar to 
portions from the other locality, and associated is a sacral vertebra of 
appropriate size and characters. All of these were therefore referred 
provisionally to a single species under the name of Agathawmas milo, 
but are here described under Hadrosaurus occidentalis. The remaining 
specimens fall into two series. In the one the bones are oecupied by a 
heavy mineral and the surfaces covered by a white layer which is marked 
by irregular ridges, as though produced by deposit along the lines of 
small adherent foreign bodies. In the other set the bones are lighter, 
more spongy, and not covered with the white layer; some of them are 
stained by the sesquioxide of iron. Both present vertebral and limb 
bones, which are related appropriately as to size and structure; that is, 
the larger limb-bones have the same mineral character as the larger ver- 
tebree, and the smaller as the smaller. These limb-bones represent cor- 
responding parts in the two, and differing widely confirm, the belief in 
the existence of two species indicated by the different types of vertebre. 
In these fossils, then, I see evidence for the existence of two species of 
two genera, which I name, the larger Polyonax mortuarius, the smaller, 
Cionodon arctatus. Both genera present a solid cancellous filling of 
femora, tibize, and other long bones, and hence differ from such genera 
as Hadrosaurus, Hypsibema, Leelaps, and others. Cionodon differs in 
dentition from all Dinosauria where that part of the structure is known, 
but it remains to compare Polyonax with Troddon and Paleoscincus of 
Leidy, which are known from the teeth only, while no portions of denti- 
tion are preserved with the specimens at my disposal. 

Char. genericus. Established primarily on a portion of the right max- 
illary bone, with numerous teeth in place. The posterior portion exhibits 
a suture, probably for union with the palatine bone, while the rest of the 
interior margin is free. It isremoved some distance from the tooth-line 
in consequence of the horizontal expanse of the bone, while the outer 
face is verticai. 

The teeth are rod-like, the upper portion sub-eylindric in section, with 
the inner face flattened from apex to base, while the lower halfis flattened 
externally by an abrupt excavation to the middle, for the accommodation 
of the crown of the successional tooth. The inner face of the tooth, from 
apex to base, is shielded by a plate of enamel, which is somewhat ele- 
vated at the margins, and supports a keel in the middle, thus giving rise 
to two shallow longitudinal troughs. The remainder of the tooth is 
covered with a layer of some dense substance, possibly cementum, which 
overlaps the vanishing margins of the enamel. The outer inferior exca- 
vation of the shaft presents a median longitudinal groove, to accommo- 
date the keel of the closely appressed crown of the successional tooth. 
The apex of the tooth being obtusely wedge-shaped, the functional tooth 
is pushed downward and transversely toward the inner side of the 
jaw. The tooth slides downward in a closely-fitting vertical groove of 
the outer alveolar wall. Theinner wall is oblique, its section forming, 
with that of the outer, a V; it is furrowed with grooves similar and op- 

* Where the proof-reader made it Cinodon. 
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posite to those of the outer wall, but entirely disconnected from them. 
The base of the shank of the functional tooth, on being displaced by the 
successional, slides downward and inward along the grove of the inner 
side, each lateral movement being accompanied by a corresponding pro- 
trusion. At the most, three teeth form a transverse line, namely, one 
hew apex external, one half-worn crown median, and the stump or 
basis of a shank on the inner. The new crowns are, however, protruded 
successively in series of three, in the longitudinal direction also. Thus, 
when an apex is freshly protruded, the shank in front of it is a little 
more prominent, and the third stands beyond the alveolar border. As . 
each shank increases somewhat in diameter downward, in the C. are- 
tatus, the section increases in size with protrusion; hence, before the 
appearance of a new crown outside of it, there are but two new func- 
tional teeth in a cross row. Thus, in the outer longitudinal row, only 
every third tooth is in functional use at one time; in the middle series 
all are in use, while in the inner every third one is simultaneously thrown 
out in the form of a minute stump of the shank, if not entirely ground 
up. 

The dorsal vertebrie are opisthocoelian, the anterior more compressed 
than the posterior; capitular articular faces, if existing, are slightly 
marked. The zygapophyses are but little prominent beyond the arch. 
A caudal vertebra is plano-concave, with rather depressed centrum a 
little longer than broad. The condyles of the femur have a short are 
and chord; the head of the tibia displays a large cnemial crest, but is 
not emarginate behind. 

The type of dentition exhibited by this genus is perhaps the most com- 
plex known among reptiles, and is well adapted for the comminution of 
vegetable food. While the mechanical effect is quite similar to that 
obtained by the structure of the molars of ruminating mammals, the 
mode of construction is entirely altered by the materials at hand. Thus 
the peculiarly simple form and rapid replacement of the reptilian denti- 
tion, is by a system of complication by repetition of parts, made to sub- 
serve an end identical with that secured by duplication of the crown of 
the more specialized molar of the mammal. 

Cionodon is evidently allied to Hadrosaurus, but displays greater 
dental complication. In that genus, according to Leidy, the successional 
crowns appear on the front side of the shank of the tooth, not behind, 
and below the base of the enamel area, so that the tooth is distinguished 
into crown and shaft. It also follows from this arrangement that the 
successional tooth does not appear until its predecessor has been worn 
to the root, in which case there can be only one functional tooth in a 
transverse direction instead of two or three. 

CIONODON ARCTATUS, Cope. 

Bulletin, 1. ¢., p. 10. 

Char. specif. The enamel plate of the tooth extends from apex to near 
the base of the shaft. Its margins are thickened and without serra- 
tion, while the surface generally is nearly smooth. The dense layer over 
the remainder of the tooth is much roughened by a great number of 
short, serrate, and somewhat irregular longitudinal ridges. 

Measurements. 
M. 

Wactihgorialyeolarsoroove:< 2). eae ene 2. 2 2 ee eee 0.0120 
Wensthvoratriad or teeth) on alyeolusses ee... see 0140 
Heng ihkoran uM WOrN tOObM 124 26 celery ee ee eee teee ge .0250 
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Diameter of surface of attrition of a tooth of the middle row, 
ROMO AN Wit ey ra Scare yr neh ONS eae Ee te .0063 

Diameter of surface of attrition of a tooth of the middle row, 
WEDS WENO S62 oso ace secec ot occ epsedecsbeespsosenoebaseer Guus 0072 

MWrdthvet maxillary Woneme este dec lee se ee ey Nes .0350 
Depemotimaxillaryval Mmater mA se i) ewe oe ys le .0140 

What I suppose to be the posterior end of the maxillary bone exhibits 
the grooves to near its apex, as well as a considerable surface of articu- 
lation for the malar. 

Two dorsal vertebre are preserved, whose neural arches are co-ossified, 
with trace of suture remaining. Both articular faces exhibit a trans- 
verse fossa for ligamentous or bursary attachment. Round these, on the 
convex face, there are transverse rugosities, while oblique-ridged lines 
descend on each side from the floor of the neural canal. The centra are 
shorter than deep, and subquadrate in a horizontal section. The sides 
are concave; the anterior are compressed with lenticular vertical section 
with angle below. The more posterior is less compressed, and the sur- 
face is smooth; in the anterior itis thrown into weak longitudinal ridges 
near the edges of the articular extremities. There are large nutritious 
foramina on the sides. The neurapophyses are excavated vertically on 
their posterior edges. Neural arch on the anterior dorsal, a broad, verti- 
cal oval. A caudal vertebra is rather elongate and depressed; as it has 
no diapophysis it is not from the anterior part of the series. There is 
no prominent lateral angle, but the two inferior angles connecting the 
chevron facets are well marked. Neurapophysis only measuring halt 
the length of the centrum. The articular faces exhibit the same trans- 
verse fossa as is seen in the dorsals. ‘The anterior is plane, the posterior 
uniformly concave. . : 

Measurements. 
M. 

AMbETIORNCOrsalymeng thy On CemimmMN 2455 225 0455 sac be as ae 074 
Anterior elevation; of articular face....-.-..2..-2-ss-+s-2532--- -073 
Amterior width ofarticulardace. 49. 222/122. - han teh sab aeeer -070 
Anterior vertical diameter of neural canal......-.-....-.------- -027 
Anterior elevation of anterior zygapophyses.........-.--------- -122 
Middlevdorsal; lengthiof centrum). Asc. 4-22 545 S42. 4: age -068 
Middle elevation of articular face. .<25-. 2.2.2. 0 2. oe oer cee -085 
Middle width of articular face........--.-.-........-- ents eae -080 
Niddiercaudal- plenathiot centrum. 22 44 yee 4 aeleie y r er iy -062 
Middle elevation of articular face, (at camal)...............-.--- -047 
Middle width of articular face,-.....2.-....-....-.- SONS Sees -068 
Middle width between inferior angles.......-...--..-..-------- -024 
Middletwigdihvot menralveamale 8 ose ye oe ia ere hee eee -013 

The femur is only represented by the distal end with the condyles per- 
fectly preserved. The latter form a single trochlear surface, whose 
borders form ares of circles. It is slightly hour-glass shaped, chiefly 
by excavation of the posterior face, which is, however, shallow, the deep 
fosse seen in Hadrosawrus and other genera being absent. The area 
of the articular cartilage is clearly marked out, and the dense surface of 
the shaft is marked with delicate strie which terminate at the edge of 
the former. One side of the end of the bone is nearly plane, the other 
is longitudinally excavated; some shallow grooves furrow the angle 
with the trochlear face. The section of the shaft, three inches from the 
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end, is a wide transverse parallelogram. This bone looks no little like 
the distal end of a metapodial bone, but there are various reasons why 
it is more probably femur or humerus. The form of the tibia espe- 
cially determines it to be the former element. 
The head and distal end of the tibia, with six inches of the shaft, are 

preserved. The former relates with the end of the femur, resembling it 
both in size, simplicity of contour, and details of surface. The form is 
crescentoid, one horn being the cnemial crest, the other posterior and 
replaced by a short truncation. The inner (convex) face is rendered 
angular by a median tuberosity, and all round this margin, shallow 
grooves cut the solid angle at irregular distances. The articular face 
displays the smooth area, and the shaft the delicate striz, seen in the 
femur. The distal end is unsymmetrically lenticular in section, one side 
being more convex; the articular face is rugose, showing a fixed liga- 
mentous articulation for the astragalus. The convex face of the shaft 
is coarsely striate-grooved near the extremity; on the other side the 
intervening ridges are represented by exostoses or rugosities. The 
flatter side becomes the more convex on the lower part of the shaft. 

Measurements. 

M. 
Transverse diameter of condyles of femur....................-. -082 
Transverse diameter of shaft of femur.........................- 053 

of middle of condyles........-..--..!... -054 
Diameter fore and aft ¢ of side of condyles....-.........--.....- -069 

OLISWARG eke y- edness 2 Ade sac BREE ee -038 
OREALES OME astm clei s2e he Une oe ee -102 

Diameterot head ot tibia. toreyand athe 20.5.250 4-2... 4 eee 096 
- UEAMSVELSE. Uivnc oles. Dale ee ia ea -060 

Diameter of shaft of tibia proximally { ee min. ae 

Diameterdistalendof tibia | tore and alle... s csc ccc 1060 
Kemarks.—If the bones above described as pertaining to the hind 

limb are really such, they are smaller as compared with the dorsal ver- 
tebre than in Hadrosaurus foulkei, and indicate an animal the size of 
a horse. ; 

bby POLYONAX, Cope. 
Char. Ger: 

A species considerably larger than the last, represented by vertebre 
and numerous fragments of limb bones. The most characteristic of the 
former are two probably from the posterior dorsal region, which are 
somewhat distorted by pressure. The more anterior is shorter than the 
other, and exhibits both articular faces slightly concave, the one more 
so than the other. They are higher than wide, and the border is scol- 
loped above for the capitular articulation forthe rib. Therearenumerous 
nutritious foramina, and some ligamentous pits on the articular surfaces. 
The inferior face isrounded. In the longer vertebra both faces are more 
strongly concave, and at each end of the lower side there is an obtuse hypo- 
pophysial tuberosity. Thesides of the centra of both vertebrez are concave, 
The neueral canals are relatively small, and the neurapophyses co-ossified. 
A third vertebra withoutarches, is similar in specific gravity, though with- 
out the white surface-layer of the others. It is appropriate in size and 
form to this species, and is peculiar in its flat form, resembling the ante- 



25 

terior dorsals of the Hadrosaurus. In this respect it is related to the 
shorter vertebra of the two above described as the latter is to the longer. 
The surface of the posterior articular face is damaged ; it was not concave, 
and is now slightly convex; the anterior is preserved, and is concave. 

POLYONAX MORTUARIUS, Cope. 

The articular faces are deeper than wide in the vertebre; the sides 
are smooth; the lower faces narrowed and probably keeled. 

Measurements. 
M. 

AMbELION QOLSal Mensch On CenturU Mer (pir .evrs oc.) ose ee eee 048 
Anterior elevation to neural canal®= 1.2. 952.05. 25.22 ee .094 
ACEC TOT AWA Nye e RGR HOR EAR ON el IAs es ek Say a a ey Mee 094 
Median) dorsal, length: of centrum. 2.222525 2 2225.2) 22 n RIS 057 
Median-elevation-to, meural ‘canalis.0% 225.52. !oes ee et va ee dees 117 
MD Lees ionvcanrmeaspyat cl GeO 9 oe ch SG SL eee hyn Ears Tl Sark Sele ial Ball oe .083 
Posterior dorsalwlensth of centrum o$ 25 s-5 32S ee ag th - 092 
Osterior dorsal. eclevatloms 4. eos oo sc a he aes otis ek os 104 
osteritor dorsal. wadthicy tps 26 see Oe NC re aS 083 
Posterior dorsal, diameter of neural canal............-..- Te 015 

The measurement of the neural canal is made near the base of the 
neurapophyses, and is probably a little affected by pressure. 

The limb-bones embrace portions of tibia, fibula, and some others not yet 
determined. The portion of tibia is from the base of the enemial crest, 
so that one extremity is trilobate, the other transverse oval. The former 
outline indicates two posterior tuberosities. The bone is solid, and the 
superficial layer, for three, MM. or less, is so dense and glistening as to 
resemble cementum. Portions referred to fibulae have a subcrescentie 
section, with narrowed width in one direction. Two fragments of shafts 
of long bones I canvot determine either as belonging to the limbs or 
pelvis. They belong to opposite sides; each is oval in section, and the 
diameter regularly contracts to one end. One side is slightly convex in 
both directions; the other is less convex transversely, and gently con- 
vex longitudinally. A peculiarity consists of a central cavity present 
in both at the fractured large end, which is bordered by a layer of dense 
bone like the outside. 

Measurements. 
X, 

Transverse diameter of tibia fragment below cnemial crest. ....-- -125 
Anteroposterior diameter of tibia fragment at base of crest....... -095 
Wad Ch otciracimentvor toma se: SD i ee oe a -073 
Thickness of COPE A A SARA AND 18 8 Lika RARE SH." be DSNANRE reset cy Udon i see .035 
Weneth of tacmentot unknowm bones. .2205 2-045 20 ee ee -145 
roxamial diamererrot: wink OwarWomeye ssc ee ee e. ee .088 
Distal CLONMMN I Ritter by Cigreat nn te mec tee INE Ah Ae Marnie 8 .065 

The above measurements indicate a much larger animal than the 
Cionodon arctatus, and one not very different in size from the Laelape 
aquilunguis. 
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PALAOSCINCUS, Leidy. 

Proceedings Academy, Philadelphia, 1856, p. 72. 

PAL ZOSCINCUS COSTATUS, Leidy, 1. c. 
Bad lands of Judith River, Montana. 
Founded on dental characters only. 

TROODON, Leidy. 

Loe. cit., 1856, p. 72. Transac. Amer. Philos. Society, 1860, 147. 
TROODON FORMOSUS, Leidy, }. ec. 
Bad lands of Judith River, Montana. 
Founded on teeth only. 

AUBLYSODON, Leidy. 

Proceed. Acad. Natural Science, Philadelphia, 1868, p. 198. Dinodon Leidy, 1. c., 1864, 
72, not of Duméril. 

AUBLYSODON HORRIDUS, Cope. Extinct Batrachia, etc., N. America, p: 
120. Dinodon horridus. Leidy, Proceed. Academy, Philadelphia, 1856, 
72. Transac. Amer. Philosophical Soe., 1860, 140. Awblysodon miran- 
dus, Leidy. Proc. Academy, 1868, 198. 
From the bad lands of Judith River, Montana. 
Represented by teeth. 

PTEROSAURIA. 

PTERODACTYLUS, Cuv. 

PTERODACTYLUS UMBROSUS, Cope. Proceed. Amer. Philos. Society, 
1872, p. 471. (Ornithochirus, ) (published March 9, 1872.) 

Niobrara Chalk of Kansas. 
PTERODACTYLUS INGENS, Marsh. American Jour. Sci. Arts, 1872, 

April, (published March 7, 1872.) 
Niobrara Chalk of Kansas. 
PTERODACTYLUS OCCIDENTALIS, Marsh. Loe. cit., April, 1872, (pub- 

lished March 7.) Ornithochirus harpyia, Cope. Proceed. Amer. Philos. 
Soc., 1872, 471, (published March 9.) Pterodactylus owenw, Marsh, 
loc. cit., 1871, p. 472, not of Bowerbank. 

Niobrara Cretaceous of Kansas. 
PTERODACTYLUS VELOX, Marsh, l.c¢., April, 1872. 
Niobrara Cretaceous of Kansas. 

CROCODILIA. 

HYPOSAURUS, Owen. 

Journ. Geological Soc. London, v, 383. 
HYPOSAURUS VEBBII, Cope. Proceed. Amer. Philos. Soc., 1872, p. 310. 
Benton or No. 2 Cretaceous of Kansas. 

BOTTOSAURUS, Agass. 

Cope. Proceed. Amer. Philos. Soc., 1871, p. 48 
BOTTOSOURUS PERRUGOSUS, Sp. noy. 

Represented by numerous fragments, with vertebrae and portions of 
skull which accompanied the Dinosaurian and turtle remains from East- 
ern Colorado, already alluded to. 
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A portion of the left dentary bone containing alveoli for ten teeth 
shows that this species is not a gavial. The dental series passes in a 
curve from the inner to the outer sides of the bones, one or two alveoli 
behind being probably bounded on the inner side by the splenial only, 
as in B. macrorhynchus, when that bone is in place. The dentary is 
compressed at this point; in front itis depressed. There is aslight dif- 
ference in the sizes of the alveoli, but not such as is usual in Tertiary 
crocodiles. The external face of the bone exhibits deep pits in longi- 
tudinal lines. The angle of the mandible is depressed; the cotylus of 
articulation is partially concealed on the outer side by the elevation of 
the surangular, whose upper border is parallel with the inferior margin 
of the ramus for two inches to where it is broken off. The outer face of 
this region marked by irregular coarse ridges more or less inosculating, 
separated by deep pits. The lower posterior half of the angular bone is 
smooth. 
A posterior dorsal or lumbar vertebra has a depressed cordate articular 

cup. The zygapophyses are large and widely spread and strengthened 
by obtuse ridges running from the base of the neural spine to the pos- 
terior margin of the anterior and the posterior outer angle of the pos- 
terior. One pit at basis of neural spine in front; two before. Ball 
prominent; sides of centrum concave. 

Measurements. 
M. 

Wensthiotiracmentiot Tamushee sss 5.6 = ee ee ree ee -100 
\IVSMG Wale aU 01 0) OT Phen aa SECs tdi haga eV A A ee eae -034 
I DSP OGIO, LOE) OEIC tm a atl sd a aaa a a oan et Aaa I Ce ee -052 
Length of eight alveoli........... a acs Ae en RSL ad Ss Ba -069 
Diameter of largest alveolus. ...:-..2..22- 22-02: -.t.--00 22-7: -012 
iaAMetLer Ok SIMA Ste Os 2 ooo si sls So eile ale core ee eae ial ed oop -007 
Width of base of angle of ramus..-...-.....--- Baie ne ee -048 
DWepthvat suman culate: 2) fey cme lak ee Het Beef Arte See -034 
length-of ‘centrumcok vertebrat’.22202 O08 62. e ese ee -045 
WNAroltc hiostyransttCuulaix CU pe oe ce ea ep am ay sy een hspeeay pes -031 
Werhical diameter ObCupiss tet so oe eke = fa 5. ah osyreuy = -025 
Weruical diametemot metnalyarch 000 te yc 56.2 leer -O11 
Hxpanse of anterior zygapophyses.....----.-...------.-.---.-- -056 

The specimen is adult, and indicates an animal about the size of the 
alligator of the Southern States. Its reference to the present genus is 
provisional only. 

BOTTOSAURUS(?) HUMILIS, Leidy. Orocodilus humilis, Leidy. Proceed. 
Acad. Nat. Sciences. Phila. 1856, p.75. (Teeth only.) Bad lands of 
Montana, (Judith River.) 

SAUROPTERYGIA. 

POLYCOTYLUS, Cope. 

POLYCOTYLUS, LATIPINNIS, Cope. Extinct. Batr. Reptilia N. Am. 1869, 
p. 36, Plate I, Figs. 1-13. Hayden’s Geol. Survey, Wyoming, 1870. 
p. 388. 
From the Niobrara chalk of Kansas, 
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PLESIOSAURUS, Comyb. 

PLESIOSAURUS GULO, Cope. Proceedings Academy Philadelphia, 1872, 
p. 128. 
Niobrara Cretaceous of Kansas. 

PLESIOSAURUS OCCIDUUS, Leidy. Nothosaurus occiduus, Leidy. Proceed. 
Academy Philadelphia, 1870, p. 74; Report Geol. Survey Territories, 
(4to,) 1873, I, p. 345; tab. xv., figs. 11-13. 
Lignite Cretaceous of Moreau R., Dakota. 

PIRATOSAURUS, Leidy. 

PIRATOSAURUS PLICATUS, Leidy. Cretaceous Reptiles of North Amer- 
ica, p. 29, tab. xix, fig. 8 
Cretaceous of the Red River, Minnesota. 

ELASMOSAURUS, Cope. 

ELASMOSAURUS PLATYURUS, Cope. Notes on Geology of Southern 
Div. Pacific R. R., by J. Leconte. 1868, 63. Extinct Batrachia Rep- 
tilia N. America, etc. 1869, p. 44. Hayden Geol. Survey Terr’s, 
1870, Wyoming, p. 393. Discosaurus carinatus, Cope. Leconte’s notes, 
eae: ; 
Niobrara Cretaceous of Kansas. 

ISCHYROSAURUS, Cope. 

Extinct Batr. Rept. N. America, 1869, p. 38. Ischyrotherium, Leidy. 
Proceed. Academy Philadelphia, 1856, p.89. Transac. American Philos. 
Soe., 1860, p. 150. 
ISCHYROSAURUS ANTIQUUS, Cope, l.c. Ischyrotherium antiquum, Leidy, 

l.c. Trang. Amer. Philos. Soc. Tab. x, figs. 8-17. 
Lignite period between Moreau and Grand Rivers, Nebraska. 

TESTUDINATA. 

PROTOSTEGA, Cope. 

Proceedings Am. Philos. Society, 1872, p. 422. 

PROTOSTEGA GIGAS, Cope, I. ¢. 
From the Niobrara Cretaceous of Kansas. 

TOXOCHELYS, Cope. 

Proceed. Academy Nat. Sciences, Philadelphia, 1873, p. 10. 

TOXOCHELYS LATIREMIS, Cope, 1. c. ? Cynocercus incisus, Cope, 1. c¢., 
1872, p. 129. Leidy Report U.S. Geol. Survey Territories, I, p. 279, 
tab. xxxvi, figs. 17-21. 
Niobrara Cretaceous of Kansas. 

CYNOCERCUS, Cope. 

Proceedings Amer. Philos. Soc., 1872, 308. 

CYNOCERCUS INCISUS, Cope., 1. ¢. 

Niobrara Cretaceous of Kansas. 
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TRIONYX, Geoffr. 

TRIONYX FOVEATUS, Leidy. Proceed. Academy, Philadelphia, 1856, p. 
73. Transac. Amer. Philosoph. Society, 1860, 148, tab. 

Bad lands of Judith River, Montana. 

TRIONYX VAGANS, Sp. nov. 

Trionyx ? foveatus, Leidy. Proceed. Acad. Nat. Sci., Philadelphia, 1856, 
12. 

Represented by a number of fragments of costal bones, and perhaps 
of sternals also. The former are rather light or thin for their width, 
and are marked with a honeycomb-pattern of sculpture, in which the 
ridges are thin and much narrower than the intervening pits. They 
incline to longitudinal confluence at and near the lateral sutures. Sev- 
eral areze are not unfrequently confluent in a transverse direction near 
the middle of the bone. 

Width tereostallelo Ome: feos ever ors coe os cusp asees Gia ar exer ayanelaies. oer eele .0370 
Thickmess, of. Costalubowe fe ve Gipson lh. tise siel yew eens Sek .0045 
Hoppa Gabtinie ane ca Ny spat pond § siete hie oh Ae eed m, -0 ots fale SPetataaliny 2) <s2vels O10 m. 

This species differs from the T. foveatus, Leidy, in the much narrower 
interareolar ridges and larger ares and in their longitudinal confluence 
at the margins, characters exhibited by numerous specimens. 

Lignite cretaceous of Colorado; near the mouth of the Big Horn 
River, Montana; Long Lake, Nebraska; found at the last two localities 
by Dr. Hayden. : 

PLASTOMENUS, Cope. 

Annual Report U.S. Geol. Survey, 1872, p. 617. 

PLASTOMENUS(?) PUNCTULATUS, Sp. nov. 

Established on a costal bone found in association with the preced- 
ing species, and referred to the genus Plastomenus provisionally, and 
with a probability that it will be found not to pertain to it when fully 
known. That genus has so far only been found in the Eocene formation. 
The bone is rather thin and sufficiently curved to indicate a convex car- 
apace of moderate thickness. The surface is marked with closely packed 
shallow pits without material variation of form on the proximal half of 
the bone. The result is an obsolete sculpture quite similar to that seen 
in some species of the genus to which it is at present referred. 

NVA thot COSTA WOME. tays eee taht reece ee eye) Ee .0230 
TMHICKMESSVOMICOStAl OOM ye oe he ee OE i Fe .0033 
Number ofeprtiseiany Ol Ol nae sansa ati, See ROR eS ee Six. 

Lignite Cretaceous of Colorado. Also several fragments from Long 
Lake, Nebraska, from Dr. Hayden. 

PLASTOMENUS(?) INSIGNIS, Sp. nov. 

Represented by a portion of the right hyposternal bone of a tortoise 
about the size of the last species, and from the same locality. The speci- 
men resembles in its sculpture such species as the Plastomenus triony- 
choides, and in structural character the species of Anostira, but it is 
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scarcely probable that it belongs to either genus. It is flat, and has a 
narrow, straight, inguinal margin at right angles to the fine suture with 
the hyosternal. The suture with the postabdomial is partially gom- 
phosial. Surface dense, polished, marked externally with a reticulate 
sculpture of narrowridges separating larger and smaller areas wider than 
themselves. Marginal edge thinner. 

M. 
enethrotohyposternal fore ama) nha ae oen 2.02)... eee 025. 
ieknessyor hypostermalvatitronte. .< a... 24). . d4ac.s Sees 004. 
JES TR AUD Si eee een Se el een eR RRM SS Six. 

Lignite Cretaceous of Colorado. 

ADOCUS, Cope. 

Proceedings Academy of Natural Sciences, Philadelphia, 1868, 235. Proceedings Amer- 
ican Philosophical Society, 1870, November. 

ADOCUS(?) LINEOLATUS, Sp. nov. 

Established on a number of fragments from different exposures of the 
lignite beds, primarily on a vertebral and sternal bone from the same 
locality as the preceding specimen. As the diagnostic portions of this 
specimen are wanting, it is referred to this genus provisionally, and 
because the structure and sculpture of the parts resemble most nearly 
known species of it from the Cretaceous greensand of New Jersey. 

The sternal bone is flat, and presents the wide and transverse sutures 
forming the usual right angle, and of a rather coarse character of a 
medium serrate keel with pits on each side for the reception of corres- 
ponding pits. The vertebral bone is rather thick, and is shallowly 
emarginate in front. The sculpture consists of delicate obscure parallel 
lines which are more or less interrupted and occasionally joined, so as 
to inclose faintly-marked areole. 

M. 
WadthotivertebralsbGhe im atroltoc-.c oe oe. occ ces eee eee .0135 
Greatest.of vertebral bane aioe bso ee Bk ac ck tie kao Pe .0280 
TMucknessiohevertebral MOMe sce ac o-k Svcel wd. oooh ook Cee eee .0070 
Threkniess Ole Ster mals WOME jonceeleosckee Ged ee orccicsis Ee ao eee ee .0080 

From lignite of Colorado, and mouth of Big Horn River, Montana. 

COMPSEMYS, Leidy. 

COMPSEMYS VICTUS, Leidy. Proceedings Academy Natural Sciences, 
Philadelphia, 1856, p. 312. 
Lignite of Long Lake, Nebraska; Cretaceous of Colorado. 

COMPSEMYS OBSCURUS, Leidy, Cope. 
Extinct Batrachia, &c., p. 124. Hmys obscurus, Leidy. Proceedings 

Academy, 1856, 812. 
Lignite of Long Lake, Nebraska. 

PYTHONOMORPHA. 

The reptiles of this order are the most abundant in the marine Creta- 
ceous of Kansas, or the Niobrara Group of Dr. Hayden. Material ac- 
quired since my first account confirms the idea there maintained that 
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they were of an elongate snake-like form, which the two pairs of short 
paddles did not materially modify. These limbs were situated in the 
anterior half of the length, the resulting form being like that of some of 
the snake-like terrestrial lizards at present inhabiting various countries, 
especially of the southern hemisphere. Although I do not possess any 
specimen with complete vertebral column, an approximate idea of its 
length may be gained by comparison of parts which are more or less 
complete in different species. Thus in Clidastes propython the cervicals 
and dorsals number about 33; in a Liodon latispinus the lumbars num- 
ber 7, and a series of caudals with diapophyses 32, with but little diminu- 
tion in size, the last with stout byt reduced diapophysis. Caudals without 
diapophysis in a species of Platecarpus number 27, and there were at 
least as many, probably a larger number, beyond these. 

The well-distinguished genera of the order known from North Ameri- 
can strata are the following: 
I. Cervical hypopophyses, separate, articulating. 

A zygosphenal articulation. 
Chevron bones co-ossified with ceutra.......-......- Clidastes 
Chevron: domes feed nt hu.th Abs piask wes ieee ese Sironectes 

No zygosphenal articulation. 
Teeth subeylindric facetted ; chevron bones free... Platecarpus 
Teeth mostly compressed, cutting; humerus with narrow ex- 

iremuties; chevron bones) frees). 2.6 23s 9342s 28.8 Liodon 
Teeth subcylindric facetied ; chevron bones co-ossified..-...-- 

AE Se ETS eyes opuerastanh Wh Skea mR Aus epg rie Mosasaurus 
Il. Cervical hypophophyses continuous and entire. 

NGZVeOSph eis: eRe shite: tess ae. Gey ee ete Baptosaurus 

CLIDASTES, Cope. 

Proceedings Academy Philadelphia, 1868, p. 233; Transactions American Philosophical 
Society, 1870, p. 211; Hdestosaurus, Marsh, American Journal of Science and Arts, 
1871, June; Cope, Proceedings American Philosophic Society, 1871, December. 

There are specific differences in the form of the palatine bones in this 
genus from the more transverse or expanded type of the C. propython 
to that of the C. planifrons, where they are narrowed posteriorly in some 
degree, to the C. tortor, where they are vertically placed in the posterior 
half. Clidastes is nearly added to Platecarpus, with which Sironectes 
associates it as an intermediate genus. The number of species already 
known is considerable, and the genus is divided into sections for con- 
venience of reference. 

A. Centra of dorsal vertebra depressed. 
a. Frontal bones without median keel. 

CLIDASTES PLANIFRONS, Sp. nov. 

A large species represented by large portions of the cranium includ- 
ing quadrate bone, by cervical and dorsal vertebrae and fragments of 
other elements all belonging to one individual. They are well preserved 
and have suffered but little from distortion. 

The frontal bone is especially massive, and is plane on the superior 
surface. The superciliary borders are strongly concave, a feature 
either little or not at all marked in other species known to me. It is 
thickened, but the fossa of the postfrontal bone extends far toward the 

front and middle on the inferior surface. Anterior to the prefrontal 
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angle the frontal contracts, narrowing regularly to the line of the nares. 
The prefontal has the remarkable form characteristic of Clidastes stenops, 
that is with the exposed face subvertical or steeply roof-shaped instead 
of horizontal. A groove descends oneach side to each nareal orifice, 
and the intervening longitudinal ridge is deeply fissured by a parallel 
groove. The parietal fontanelle is entirely in the parietal bone. The 
postfrontal is massive. 

The quadrate bone presents a very prominent internal angle as in 
other Clidastes, and has the posterior hook much prolonged downward 
and inward, with a button and surrounding groove on its inner side. 
The stapedial pit is narrow oval, as in ,liodon proriger. The median 
posterior ridge is prominent and united with the distal internal longi- 
tudinal, extending to the narrow posterior angle of the distal articular 
face. There is no internal ridge, but a strong obtuse ridge extends 
along the outer side, turning backward into a rough process opposite 
the origin of the base of the ala. Between this and the distal articular 
face is a subtriangular rugose area.* The palatine bone has its an- 
terior and posterior extremities broken away, the fragment supporting 
six teeth. The bone is flat, much as in the species of Platecarpus, the 
tooth-line passing from the inner margin behind to the outer before ; 
the roots being more exposed on the external side; the external process 
is stout. The crowns of the palatine teeth are curved with lenticular 
section, one face being much more convex than the other; the enamel 
is Shallowly striate-groove. 

The articular faces of the cervical vertebrae are all transversely oval, 
not much depressed; those of the dorsals are also transverse, but less 
so than the cervicals. Five cervicals and nine dorsals are preserved. 
The hypapophyses, both fixed and free, are very large and stout. The 
odontoid is large and prominent, and deeper than long. The diapophy- 
ses are short, and send a narrowed extension forward to the rim of the 
cup on all the cervicals and three dorsals. The vertical portion of their 
surfaces diminishes anteriorly as the horizontal extends, till, on the axis, 
it is horizontally subtriangular in outline. The zygosphen is smaller 
on the anterior than the posterior vertebrae; on the latter the zygan- 
trum possesses special facets for it. The cups, especially of the dorsals, 
are emarginate for the neural canal. A smooth band borders the cir- 
cumference of the ball in front. The surface in general is smooth, with 
rugose lines and grooves extending to the articular face of the fixed 
hypapophysis, and apex of the free, and on the upper roof-like surface 
of the posterior zygapophyses. The inferior surfaces of the centra dis- 
play a more or less prominent longitudial median ridge. 

*The nomenclature of these ridges is that proposed in the extinct Batrachia, etc., p. - 
183, with “internal” changed to external, and vice versa, in accordance with the ob- 
servations of Prof. Marsh. 
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Depa ommandih le air ecouylusteee- ose. F- -  es  se .040 
DepunvorMspnenoid condWieseese 2245022. 2 pee ee ee ee .032 
Width of proximal articular surface of quadrate, (transverse). - .023 
Wicdthrot distal’ articular sumhaceres. 25.2. 2 so ae cl 043 
itene thon, third: ceryicalycemmnumie sa. 556 25406. eo ep 062 
Depth at bottom of third cervical centrum ......-....-.-....-- .030 
Width at bottom of third cervical centrum ....-..----.--.-.--- 037 
Length of articular end of fixed hypapophysis.-.........--...-- .025 
Memoth) of free, liypoMOpuysis =. 42. he ao eo .029 
Keneth of aj medianidorsal centrum). 25.505 025 a 072 
Width at bottom of a median dorsal centrum..........-.------ 048 
Depth at bottom of a median dorsal centrum...........---.---- .040 

This species needs only to be compared with the Clidastes stenops, Cope, 
which exhibits the same peculiarity of roof-shaped pre-frontal bones. 
That species has the cervical articular faces entirely round; the frontal 
bone is keeled in the middle, and the palatine much more vertically 
compressed. The quadrate bone differs in various respects; among 
others, in the round form of the stapedial pit. As compared with the 
species described by Professor Marsh as Hdestosaurus dispar and E. veloz, 
it differs in the form of the quadrate, which in these species is much as 
in C. tortor and C. stenops ; %. e., with short proximal hook, oblique in- 
ferior articular surface, round pit, &c. In this species the quadrate is 
truncate distally, Se. 

This fine species was discovered by the veteran geologist Prof. B. F. 
Mudge, during his annual expedition of 1873. 

aa. Krontal bones with median keel : 

CLIDASTES TORTOR, Cope; Hdestosaurus tortor, Cope, Proceed. Amer. 
Philos. Society, Dec., 1871. 

Niobrara Cretaceous of the Smoky Hill River. 

CLIDASTES STENOPS, Cope; Hdestosaurus stenops, loc. cit. Hayden’s An- 
nual Report U.S. Geol. Survey, 1871, p. 330. : 

Niobrara Cretaceous of the Smoky Hill River. 

CLIDASTES REX, Marsh, Amer. Journ. Sci. Arts, 1872, June. 

Niobrara Cretaceous of the Smoky Hill River. 

CLIDASTES AFFINIS, Leidy, Report U.S. Geol. Survey Terrs., I, p. 281, 
tab. xxxiv, f. 6-9 and 11. 

Niobrara Cretaceous of the Smoky Hill River. 

aaa. Krontal bones unknown : 

CLIDASTES DISPAR, Marsh; Hdestosaurus dispar, Marsh, Amer. Journ. 
Sci. Arts, 1871, June. 

Niobrara Cretaceous of the Smoky Hill River. 

CLIDASTES VELOX, Marsh, loc. cit. (Hdestosaurus). 

Niobrara Cretaceous of the Smoky Hill River. 

CLIDASTES VYMANII, Marsh, loc. cit. 
Niobrara Cretaceous of the Smoky Hill River, Western Kansas. 
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CLIDASTES PUMILUS, Marsh, loc. cit. 

Niobrara Cretaceous of the Smoky Hill River. 

A A. Centra of dorsal vertebrae compressed : 

CLIDASTES CINERIARUM, Cope, Proceed. Amer. Philosophical Soc., 
1870, 583. 

Niobrara Cretaceous of the Smoky Hill. 

SIRONECTES, Cope. 

The characters of this genus are such as to unite closely that which 
precedes it with that which follows in the present enumeration. It is 
more nearly allied to Platecarpus in the only species known, where the 
zygosphen is weak, but articulates with special facets on the lateral 
walls of the zygantrum. The form of the bones of the limbs is un-— 
known. 

SIRONECTES, ANGULIFERUS. Sp nov. 

Established on a portion of the left mandible, with a series of thirty 
one vertebrie of a single individual discovered by Prof. Bb. F. Mudge in 
the gray calcareous shale of Trego County, Kansas. 

Some of the vertebree have suffered from pressure, but the centrum 
of an anterior cervical is little or not at all distorted, as are also many 
of the caudals. All the dorsals and cervicals have transversely oval 
articular faces openly notched above for the neural canal. The fixed 
hypapophyses are large, the last one small and subconic, abruptly fol- 
lowing a large truncate one. The three succeeding dorsals are keeled 
below; the keel of the last low and obtuse. The zygosphen is weak and 
deeply notched in the middle; on the anterior cervicals it is radimental, 
but on the dorsals supports a well-developed articular facet, which 
meets a corresponding one of the zygantrum. The fixed hypapophyses 
and roofs of the posterior zygapophyses are rugose, with grooves and 
ridges. The articular faces of the caudals are broad, vertical ovals as 
far as the specimens extend; the series including only a part of those 
with diapophyses. On the anterior caudals, the chevron facets are com- 
pressed. The neural spines are thinned out in front, obtuse at the base 
behind, but expanding to a thin edge above it; the sides longitudinally 
grooved. Diapophyses on the middles of the sides of the centra. Some 
ribs have the heads not expanded but truncate. The angle of the man- 
dible is produced backward and below the plane of the lower margin of 
the ramus in amarked manner. The lower margin and the surface 
next the smooth edge are rugose. 

Measurements. 
: M 

Depth of mandible at posterior margin of cotylus.-..-...--.---- 0.058. 

Iength of centrum of anterior cervical......--....-----.------ .070 
E VETCICAIS! wat ee cic isee c=. at's See .028 Wiameterorthe ball) eee ie 

Eixpanse of diapophyses of ball ....:---..---------.22222---°- 095 

Expanse of anterior zygapophyses...--...---------+---+------- .064 

Expanse of diapophyses of anterior dorsal ..........---------- 115 

Length of centrum of anterior dorsal.........-..-...--+:------ O71 



M. 
Length of centrum of anterior caudal... 5. 022..0202)52.00.22. 053 
Wepthiol cup ef anteniouicaudale cites 4 eS ee sos .044 
Wadihvon cup of anterior caudale 5.252225 5258.2. 2s 59.8 at: 041 
Widthrot neural: Spine me pares see eee cet ae Sal 033 
Hlevapioniof neural’ spine, (apex lost). 290.2222 Bene 070 

Diameter of centrum of twenty-fourth caudal, } Te ae ita! ae 

Length of centrum of twenty-fourth caudal ................--- 042 

This species appears to have had proportions not unlike those of 
Platecurpus corypheus the specimen described being larger than that 
on which the latter is based. It is also rather larger than the Cli- 
dastes planifrons, the largest of its genus, but which, since its caudal 
vertebr are unknown, may be found to be a Sironectes. It differs spe- 
cifically from the S. anguliferus in the less development of the zygosphen, 
especially on the anterior vertebre, and its deep emarginations in front 
where well developed. .From its general characters I anticipate that the 
quadrate bone of this species will prove to be more like that of the 
Platecarpi; that of C. planifrons is that of the genus to which I have 
referred it. 

PLATECARPUS, Cope. 

Extinct Batrachia and’ Reptilia N. Am., 1869, pp. 185, 199. Proceed- 
ings Academy Philadelphia 1872, p. 141; Holcodus, Copei nec Gibbsii, 
Proceed. Amer. Philos. Soc. 1871, December; Lestosaurus, Marsh, 
Amer. Journ. Sci. Arts, 1872, June (Separata, p. 9). 

Besides the characters assigned to this genus in the analytic table 
already given, Platecarpus is characterized by the form of its teeth, 
which are neither compressed, as in Liodon, nor broadly angularly 
faceted, as in Mosasaurus (and Holcodus, fide Marsh), but are curved 
and with subeylindric section. The exposure of the roots of the pala- 
tine teeth is largely less or scarcely greater on the outer than on the 
inner side. The caudal vertebre of the type-species, P. tympaniticus, are 
unknown; but the quadrate bone and form of palatine teeth are quite 
similar to those of the other species already referred to it. 

The species P. mudgei and P. tectulus resemble each other in the form 
of their quadrate bone, and are referred to this genus provisionally only. 
The P. simus, Marsh, resembles the P. crassartus, Cope, but appears to 
differ in the more depressed articular faces of the dorsal vertebrae. 

a. The stapedial pit inclosed between ridges: 

PLATECARPUS ICTERICUS, Cope; Holcodus ictericus, Cope, Proceed. 
Amer. Philosophical Society 1870,577, and 1871, December; Lestosaurus 
ictericus, Marsh, Amer. Journ. Sci. Arts, 1872, June. 
Niobrara chalk of the Smoky Hill River. 

PLATECARPUS CORYPHZUS, Cope; Holcodus corypheus, Cope, Pro- 
ceed. Amer. Philos. Society, 1871, December; Lestosawrus corypheus, 
Marsh, loc. cit. 

Niobrara chalk of the Smoky Hill River. 

PLATECARPUS FELIX, Marsh; Lestosaurus felir, Marsh, Amer. Journ. 
Sci. Arts, 1872, June, tab. xiii, fig. 4. 

Niobrara chalk of the Smoky Hill River, Kansas. 



36 

PLATECARPUS CURTIROSTRIS, Cope; Liodon curtirostris, Cope Pro- 
ceed. Amer. Philos. Soc., 1871, December; Lestosawrus curtirostris, 
Marsh, loe. cit. 

Niobrara chalk of the Smoky Hill River, Kansas. 

ad, Relations of stapedial pit unknown: 

PLATECARPUS CRASSARTUS, Cope; Liodon crassartus, Cope, Proceed. 
Amer. Philos. Soc., 1871, 168; and December. 

Niobrara chalk of Eagle Tail, Colorado. 

PLATECARPUS SIMUS, Marsh; Lestosaurus simus, Marsh, loc. cit. 1872, 
June. 

Niobrara chalk of the Smoky Hill River. 

PLATECARPUS LATIFRONS, Marsh; Lestosaurus latifrons, Marsh, loc. eit. 
1872, June. 

Niobrara chalk of the Smoky Hill River, Kansas. 

PLATECARPUS GRACILIS, Marsh; Lestosaurus gracilis, Marsh, loc. cit., 
1872, June. 

Niobrara chalk of the Smoky Hill River, Kansas. 

PLATECARPUS (?) GLANDIFERUS, Cope; Liodon glandiferus, Cope, Pro- 
ceed. Amer. Philos. Society, 1871, December. 

Niobrara beds of the Smoky Hill, Kansas. 

aaa Stapedial pit excavated in a plane surface: 

PLATECARPUS MUDGEI, Cope; Liodon mudgei, Cope, Proceed. Amer. 
Philosophical Soc., 1870, p. 551; Holcodus mudgei, Cope, loc cit. 1871, 
December; Khinosaurus mudgei, Marsh, American Journ. Sci. Arts, 
1872, June. 

Niobrara chalk of the Smoky Hill River. 

PLATECARPUS TECTULUS, Cope; Holcodus tectulus, Proceed. Amer. 
Philos. Soe., 1871, December. 

Niobrara chalk of the Smoky Hill River. 

LIODON, Owen. 

Proceedings British Assoc. Advancement of Science, 1841, p. 144; Cope, 
- Transac. Amer. Philosophical Society, Extinct Batrachia, ete., 1870, 

p. 200; Proceedings Amer. Philos. Society, 1871, December. 

The typical species of this genus, Liodon anceps, Owen, is very little 
known, but few remains having so far been obtained from the English 
chalk, its locality and horizon. Numerous North American species re- 
semble it in the forms of the crowns of the teeth, and it is probable, 
though not certain, that they agree in other respects also. Several 
names have been proposed for our species; the earliest of which is Ma- 
crosaurus, Owen. This name applies to species with compressed dorsal 
vertebra as L. levis and L. mitchillit, both from the New Jersey green- 
sand. For the species with depressed dorsal vertebre, as L. validus 
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from New Jersey, L. perlatus from Alabama, and LZ. proriger from Kan- 
sas, the name Nectoportheus was proposed, and briefly characterized 
(Extinct Batr. Reptilia N. America, 1870, p. 208.) Prof. Marsh subse- 
quently gave the Kansas species the name of Khinosaurus; which name 
being pre-occupied more than once, I changed it to Rhamphosaurus.* 
This name will remain for species of the type of Liodon proriger, if they 
be found to represent a genus distinct from Nectoportheus or Liodon, of 
which there is as yet no evidence. 

LIODON MIcROMUS, Marsh; Khinosaurus micromus, Marsh Amer. Journ. 
Sci. Arts, 1872, June, tab. xiii, figs. 1-2. 

Niobrara chalk of the Smoky Hill. 

LIODON NEPAZOLICUS, sp. nov. 

Rhamphosaurus nepeolicus, Cope, MSS. 

Represented by the mandibular and parts of the maxillary and pre- 
maxillary bones, the quadrate, a dorsal vertebra, &c., of a single individ- 
ual. These all indicate an animal related to the large L. proriger, but 
not more than one-third the size or less. It is about the same size as 
the LZ. micromus, Marsh, but is much more like the L. proriger in charac- 
ters, so as to render it important to ascertain whether it be not a young 
individual of that species. An examination having convinced me that 
such is not the case, the points of distinction will be given further on. 

The premavillary is very prominent, forming a rostrum whose inferior 
face is narrowed below, and then suddenly descends to a prominent 
transverse ridge, which bounds the anterior alveoli in front. The four 
premaxillary teeth stand on an area a little broader than long. Extrem- 
ity broken. The anterior suture of the mazillary is vertical and zigzag. 
It displays a lateral contraction just behind the first tooth, while the 
apterior margin of the nostril is above the third tooth. The teeth of 
both jaws have broadly oval bases, and apices with two cutting edges 
and lenticular section. The inner face is more convex than the outer, 
most so in the anterior part of the jaws, and neither is facetted. The 
enamel is finely striate-grooved, especially toward the base. The man- 
dible is light and thin, and diminishes in depth posteriorly. The coro- 
noid is small, and the angle.is produced backward, and but little down- 
ward. Therami are not complete; the large portions preserved exhibit 
teeth at intervals of precisely aninch. Professor Mudge, who discovered 
the specimen, states that the jaw, when together, measured 26 inches in . 
length, which would leave 13 inches for the dentary bone. This is, there- 
fore, not far from the true number of teeth. 

The quadrate resembles that of L. dyspelor in various respects. The 
internal longitudinal ridge is very prominent, and extends from the 
proximal angle to the distal articular face, in line with the plane of the 
short acuminate hook. The great ala is narrow and rather stout; the 
proximal articular face slopes steeply outward. The stapedial pit is a 
narrow straight groove (perhaps partly closed by pressure). The knob 
is represented by a longitudinal crest bordering the meatus below on 
the outer side, and not continuing to the distal articulation. The sur- 

* This name was applied by Fitzinger to two species of lizards, which had already 
received several generic names, and hence became at once a synonym. Further, he 
did not characterize it; for these reasons the name was not preoccupied at the time 
I employed it as above; hence there is no necessity for Prof. Marsh’s subsequent name 
Tylosaurus, given on the supposition of preoccupation. 
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face of the latter is crescentic, with an angle on the outer anterior border. 
This angle is the summit of a short low rugose ridge, which extends part 
way to the knob. Outer edge only of the great ala radiate grooved ; 
posterior angle of distal condyle produced. 

The dorsal vertebra is somewhat flattened by pressure; but the bal- 
was evidently transversely cordate in outline. The bases of the dial 
pophyses are very rugose; an acute angle from the articular cartilage is 
directed toward it from the rim of the cup. Inferior face with an obtuse 
median keel. The odontoid bone is deeper than long (fore and aft). 

As compared with Z. micromus, this species differs in the much less 
attenuated premaxillary and maxillary bones, the anterior nostril, and 
absence of facets on the crowns of the teeth; from JL. proriger in the 
absence of narrow concave facets on the anterior teeth, and anterior 
position of the nostril; from ZL. dyspelor in the less compressed or less 
knife-shaped dental crowns, and totally different form of the condyle of 
the quadrate. 

Measurements. 
M. 

Length of bases of two premaxillary teeth..........-...-.-.---- 0.026 
Width of bases of two premaxillary teeth. ................-.--- 034 
Kengihvor bases of twommaxillanry teeth 2.24... <.2--.s2-). sasaee 042 
Depth of anterior suture of maxillary teeth ...............-...- 028 
Wepihvot maxillary atjend: Of NAaKesi er 4.52626 /o-25< aces Fae .038 
MOU MRO GWMAGTA LCR gio. oct) ase ik ss Hae fest RA emer ay oS. .082 
enethy ofdistalvcom@y lei: aecwew as onal a .040 
Math ob Gistal Comdiyle 2. sc. cuter e, Paeedesmycd lols cid avers rome O17 
Wadthoforeatalalonanner sidered ale leitch eke es ee 032 
Widtbiot inner facelabove meatus 1222082. (3.2.0 Qese.2 Hes: wot ea 
ienethor hookdrom stapediall pit (242 7.4. oe de <2) ees oe wee 028 
MCHOth Oma Orsa@lovente rant tua neok tu diskie ck okies Weer oe 

. VeEbICaly. sete ARR ble Sacto SR an eee 02 
Diameter of ball, i GRANSVERSEUAE CSM UG) 5083. pease Tn peta .048 

This species was discovered by Prof. B. F. Mudge, who dug the type 
specimen from the gray shale of the Niobrara Cretaceous, a half mile 
south of the Solomon River, Kansas. 

LIODON LATISPINUS, Cope, Proceed. Am. Philosoph. Society, 1871, 169, 
and December. 

North Fork of Smoky Hill and Trego County, Kansas. 

LIODON PRORIGER, Cope, Transac. Amer. Philosophical Soc., Extinct 
Batrachia, &c., 1870, 202; Macrosaurus proriger, loc. cit, on tab. xii, 
figs. 22-24; Khinosaurus proriger, Marsh, Amer. Journal Sci. Arts, 
1872, June; Rhamphosaurus, Cope, Proceed. Acad. Nat. Sci., 1872, 
141. 

Niobrara chalk of the region of the Smoky Hill River, Kansas. 

LIODON DYSPELOR, Cope, Proceed. Amer. Philosoph. Soe. 1870, 574; 
loc. cit., 1871, December; Rhinosaurus dyspelor, Marsh Am. Jour. Scei- 
Arts, 1872, 1872, June; Tylosaurus dyspelor, Leidy, Report of Geolog. 
Survey of Terrs., I, 271, tab. xxxv, figs. 1-11. 

Niobrara chalk of Fort McRae, N. Mex.; Niobrara chalk of Smoky 
Hill, Kansas. 
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PISCES. 

§{SYNENTOGNATHI. 

PELECORAPIS, Cope, gen. nov. 

This genus embraces fishes with strongly ctenoid scales and abdominal 
ventral fins; there is a spinous dorsal fin apparently short, and not con- 
tinued over the ventrals. The ribs and apophyses are slender, and 
the dorsal vertebre short and pitted. The pubic bones consist of two 
antero-posterior plates, in contact on the middle line. The anterior por- 
tion projects to a median angle, and there is an angular projection of the 
lateral border. From the angle formed by these borders, a long cylind- 
ric rod projects forward; those of opposite sides slightly converging. 

The general relations of this form are to the families which combine 
the features of the orders of physoclystous and physostomous fishes, 
namely, Scombresocide, Atherinide, &c. The pelvis has considerable 
resemblance to that of those families, but especially to that of Hxrocetus. 
From this it presents subordinate differences. 

. PELECORAPIS VARIUS, sp. nov. 

Represented by portions of perhaps two individuals, the larger of 
which includes a considerable part of the body, the head and tail being 
absent. On this specimen it is evident that the scales diminish in size 
toward the posterior part of the body, where they are small; on the ante- 
rior region there are two scales exposed in an oblique series, in 6 mil- 
limeters; on the posterior region, 34 and 4in the same. The concealed 
portions of the scale are sculptured with minute contiguous concentric 
grooves, without any radii. The exposed portion is thickened with a 
cementum-like layer, which is marked with a few radiating lines of pores 
which sometimes unite into an irregular groove. Teeth of the comb 
numerous and strong. Depth of body at pelvis, 0™.074; length of pelvis, 
0™.040; of lamina, 0™.022; of rod, 0™.022; greatest width of pelvis, 
0.023; width at basis of rods, 0™.014; length of 17 consecutive verte- 
bre, 1™.05; diameter of a dorsal vertebra, 0™.007. 

Discovered by Professor Mudge ina lead-colored clay, probably of 
the Benton epoch, 20 feet below the Inoceramus bed, 2 miles west of 
Sibley, Kansas. 

ISOSPONDYLI. 

PORTHEUS, Cope. 

Proceed. Amer. Philos. Soc., 1871, 173; loc. cit., 1872, 331. 

Additional material establishes as correct the reference of sharp-edged 
compound rays to the pectoral fins, and narrower, simple ones to the 
ventrals; while the presence of a frontoparietal fontanelle is doubtful. 
The number of teeth in the premaxillary bone is subject to some varia- 
tion, there being occasionally, besides the principal ones, a small acces- 
sory on one or both sides. 

PORTHEUS MOLOSSUS, Cope, Proceed. Amer. Philos. Soc., 1871, 173; 
1872, 333. 

Common in the Niobrara Cretacious of the Smoky Hill region, Kansas. 
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PORTHEUS THAUMAS, Cope; Sawrocephalus thaumas, Cope, Proceed. 
Amer. Philos. Soc., 1870, Nov ember; loc. cit., 1872, 335. 

Same locality as ne last. 

PORTHEUS LESTRIO, Cope, Proceed. Academy Natural Sciences, Phila- 
delphia, 1873, 337. 

Niobrara Cretaceous of Kansas near the Solomon River; abundant. 

PORTHEUS MUDGEI, Sp. nov. 

Represented by portions of the jaws with vertebre of a single indi- 
vidual discovered by Prof. B. F. Mudge, in Trego County, Kansas. The 
prominent character is seen in the possession of four subequal teeth in 
the premaxillary bone, which therefore presents a relatively long alveolar 
border for their accommodation. The bone is also more massive than 
in the other species, and is peculiarly thick on the free inner edge. 
There are five or six subequal large teeth behind an edentulous space 
on the maxillary bone, while those on the posterior part are small. The 
specimen is smaller than is usual in other species of the genus. 

Measurements. 
M. 

Madchrotepremaxillary bone .2. 26 cee ee eee 0.054 
Elevation of premaxillary bone above first tooth........-..-.-- .060: 
Thickness of premaxillary bone at middle......-.........---... 021 
Meu On maxdillanyaticondylers mere eek oe Ue 057 
Depth of maxillary at fifth large tooth.....................-:- 040 
Hieneth of basis ofmive largeueeth 2... 22... -2-.--)) +. ee 036 
Menechor anvantenor Verve oba seer ee eee a) ce: ee .019 

. AAA OH INR arly ie ee ec Ome VIC O31 
Diameter, TOMS VCLSC ewe ree er at eee eee ht. ae 051 

Occasionally the Portheus lestrio exhibits one or even two minute ad- 
ditional premaxillary teeth, but the three large teeth always remain a 
distinction from the four large ones of the P. mudgei. 

PORTHEUS GLADIUS, Cope, Proceed. Acad. Nat. Sci. Philadelphia, 
1873, 338. 
Represented by a huge pectoral spine, which may belong to one of the 

preceding species. 

Niobrara Cretaceous of the Solomon River, Kansas. 

ICHTHYODECTES, Cope. 

Proceed. Amer. Philos. Society, 1870, November; loc. cit., 1872, 338* 

ICHTHYODECTES ANAIDES, Cope, loc. cit., 1872, 339. 

Niobrara Cretaceous of the Smoky Hill. 

ICHTHYODECTES CTENODON, Cope, loc. cit., HOU, November ; loc. cit. 
1872, 340. 

Niobrara Oretaceous of the Smoky Hill. 

ICHTHYODECTES HAMATUS, Cope, loc. cit., 1872, 340. 

Niobrara Cretaceous of the Smoky Hill. 
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ICHTHYODECTES PROGNATHUS, Cope, loc. cit., 1872, 341; Sauwrocephalus 
prognathus, Proceed. Amer. Philos. Soc., 1870, November. 

Niobrara Cretaceous of the Smoky Hill. 

ICHTHYODECTES MULTIDENTATUS, Cope, loc. cié., 1872, 342. 

Niobrara Cretaceous of the Smoky Hill. 

ICHTHYODECTES |PERNICIOSUS, sp. nov. 

Compound pectoral spines ofthis genus, which have heretofore come 
under my observation in considerable abundance, exhibit an undulating 
cutting margin with low waves, and a nearly uniform thickness. These 
I have attributed to such species as I. anaides, I. ctenodon, and I. hama- 
tus. A spine pertaining to a fish of equal or greater size than these 
has been several times obtained, which evidently belongs to another 
and more formidably-armed species. 

The cutting edge is coarsely serrate, each projecting tooth marking 
the end of one of the oblique component rods. The apex of each tooth 
is the end of a transverse thickening or low ridge of the surface of the 
spine, so that the cutting edge is equally acute at the bottoms of the 
coneavities as at the rather obtuse apices of the teeth. The cement or 
enamel layer extends on both sides of the spine 0.75 inch from the cutting 
edge; it is composed of small aggregated tubercles. Length of frag- 
ment supporting twenty teeth, 0.235; thickness of fragment at mid- 
dle, 0".008. Discovered by Professor Mudge. 

DAPTINUS, Cope. 

Proceedings Academy Philadelphia, 1873, 339. 

DAPTINUS PHLEBOTOMUS, Cope; Saurocephalus phlebotomus, Cope, Pro- 
ceed. Amer. Philos. Soc., 1870, November; Hayden’s Annual Rept. U.S. 
Geol. Surv., 1871, 416. 

Niobrara epoch, Rooks and Phillips Counties, Kansas. 

SAUROCEPHALUS, Harlan. 

SAUROCEPHALUS LANCIFORMIS, Harlan, Journal Academy Natural 
Sciences, I vol. tii, 331; Leidy, Transac. Amer. Philosophical Soe., 
1860. 

Cretaceous on the Missouri River. 

SAUROCEPHALUS ARAPAHOVIUS, Cope, Proceed. Amer. Philos. Soc., 
1872, 343. 
Niobrara epoch of the Smoky Hill, Kansas. 

ERISICHTHE, Cope. 

Proceedings Academy Philadelphia, 1872, 280. 

In this genus the teeth are implanted in deep sockets as in other Sau- 
rodontide, and the subalveolar line of foramina seen in Sawrocephalus is 
wanting. The crowns of the teeth are compressed and knife-like as in 
Daptinus, but those of the anterior parts of the dentary and maxillary 
bones are greatly enlarged. Maxillary bone short and rapidly tapering 
to a narrow edentulous extremity. Greater part of the dentary with a 
rugose band on the inner side of the teeth; its distal portion with a row 
of small compressed teeth separating the large teeth into two areas. 
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ERISICHTHE NITIDA, Cope, loc. cit. 

Represented by numerous portions of a cranium with a fragment of a 
pectoral ray discovered by Prof. B. #. Mudge near the Solomon River, 
Kansas. The ray is of the compound character already described as 
belonging to other genera of this family ; its edge is not preserved. 

The mazillary bones are subtriangular in form, and support three or 
four large lancet-shaped teeth at the middle of their length; there are 
no teeth beyond them, but on the deeper side there are several small 
lancet-shaped teeth; the outer alveolar edge is rugose. The teeth are 
very flat, acute, and perfectly smooth. The teeth on the greater part of 
the dentary are intermediate in size between the large and small ones of 
the maxillaries; they stand on the outer edge of a Livad horizontal alveo- 
lar plane. There are three large teeth in a series at the end of the den- 
tary on the outer side; they have been lost, but their bases are broader 
ovals than those of the maxillary bone. On the middle line of this part of 
the dentary is a close series of small compressed teeth, with striate 
enamel, standing on a ridge of the bone. They leave the lastlarge tooth 
to the outer side, while on the inner side stand two or three lancet-shaped 
tusks of a short row further back. Posterior dentaries 0™™.10 apart. 

Measurements. 

M. 

IGength of maxilary bone above: .-/-.. 2-22 --.-2-- 2-222 -32- 28 0.0880 
Depth proximally......-. ae ee oe se eens 5 aia ams os .0300 
emetheonleroywia Ol a) larseguoOel- 46.22 = .0150 
Wraadichvor: crown at WaASes =i. ak see eer ete ee eae .0065 
emeghionimyoneandiymlare. -: ice 2) seve seer teeter .1000 

Niobrara epoch of Phillips County, Kansas. Discovered by Prof. B. 
F. Mudge. 

PACHYRHIZODUS, Agass. 

Dixon’s Geology of Sussex, 1850, 374; Cope,{Proceed. Amer. Philos. Soc., 
1871, 344. 

PACHYRHIZODUS CANINUS, Cope, loc. cit., 344. 

Niobrara epoch of the Smoky Hill River. 

PACHYRHIZODUS KINGII, Cope, loc. cit., 346. 

Niobrara epoch of the Smoky Hill River. 

PACHYRHIZODUS LATIMENTUM, Cope, loc. cit., 346. 

Niobrara epoch of the Smoky Hill. 

PACHYRHIZODUS LEPTOPSIS, sp n9v. 

Represented by portions of the right and left dentary bones, with 
other portions of the cranium. The symphyseal part of the ramus is 
not ineurved, as in P. caninus and P. kingii, but is obliquely truncate, 
indicating that the chin had a compressed form, and was not rounded, 
as in them. The lower portion of the bone is thin and laminiform 
to a deep groove, which extends from the edge of the symphyseal face 
along the inner side at one-third the depth of the ramus from the inner 
bases of the roots of the teeth. The latter are thus supported ona 
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thickened basis. They are rather remote in a functional condition, each 
interspace being entirely occupied by the alveolar fossa of the shed 
tooth. These bases are very stout and composed of dense bone; their 
apices rise a little above the edge of the external alveolar border. The 
bases of the crowns are oval, and they display an anterior cutting edge, 
which descends from the apex, thus differing materially from those of 
the P. caninus. The teeth diminish in size from the middle of the den- 
tary bone to the symphysis; beside the latter are two teeth of reduced 
size. The outer face of the dentary is smooth, except some small im- 
pressed fosse. The mental foramina are smail and do not issue in a 
groove. Below them, on the outer face, is a fossa, with level floor to 
the inferior margin. 

Measurements. 

M. 
enethronmarcim bearme Towe teeth: 2294-5 ce ae 0.050 
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Niobrara epoch of Phillips County, Kansas. 

PACHYRHIZODUS SHEARERI Cope, Proceed. Amer. Philos. Society, 1872, 
p. 347. 

Niobrara epoch of the Smoky Hill River. 

PHASGANODUS, Leidy. 

PHASGANODUS DIRUS, Leidy, Proceed. Acad. Nat. Sciences, Philada., 
1857, 167; Keport Geolog. Survey Terrs. 1873, I, 289; tab. xvii, figs. 
23, 24. y) 

From Cannon Ball River, Dakota. 

PHASGANODUS (?) GLADIOLUS, Cope; Cimolichthys gladiolus, Cope, Pro- 
ceed. Amer. Philos. Soc., 1872, 353. 

Niobrara epoch of the Smoky Hill River. 

TETHEODUS, Cope, gen. nov. 

Premaxillary bone a petrous mass without teeth; the maxillary with 
teeth in a single row, the anterior much enlarged; dentary with a single 
series, one anterior tooth much enlarged. Apices of teeth with trench- 
ant edges. 
A genus chiefly differing from Enchodus in the absence of the large 

tooth at the extremity of the premaxillary bone. 

TETHEODUS PEPHREDO, sp. nov. 

Both premaxillary and portions of the maxillary and dentary bones 
of one specimen represent this species. They showit to have beenapow- 
erful fish of the size of the Hnchodus petrosus below mentioned. The 
premaxillaries are excavated by the usual three oblique fosse above to 
the inner side. The alveolar face is a ridge extending obliquely across 
from a tuberosity on the inner side behind the apical tuberosity. There 
is no surface for the attachment of a tooth, and no sear or other trace 
of the former existence of one. The maxillary underlaps it by an ob- 
lique suture, and supports a large tooth similar to that at the end of the 
premaxillary in Hnchodus, behind which are seen the crescentic scars of the 
previously-shed teeth. The outer face of the basal cementum of this tooth 
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is perfectly smooth. The distal portion of the dentary bone is toothless; 
its anterior tooth is a fang with base excavated in front; and an angle 
rising from the external side of it becomes a latero-exterior cutting edge 
of the crown to the apex. The inner posterior, or more convex face, of 
the tooth is regularly and closely striate-grooved. On one dentary there 
are three or four small denticles in front of it on the outer side. The 
smaller teeth have two cutting edges, and the posterior face at the base 
is grooved striate. This regular grooving, as well as the large size of 
the first maxillary, distinguishes this fish from the Hnchodus anceps. 

Measurements. 

M. 
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Width of basis first maxillary tooth........ SS Se Ue MES Se 010 
MeneuMond@entanyaay MiRSiquOOU 1 a eee ee eee ese ieee 020 
UBS OF Cenianey WO Mwesih WOO lies A keee Sees os Gs eeues ee eees. S. 020 
em UMNO PPE TRUOO UME: cect Noli) oak. SA een Wome eee ceca ae .032 
imbervallibenwecm maxillary teeth’... (00.8222 ee 008 

Niobrara epoch of Phillips County, Kansas; discovered by Prof. B. F. 
Mudge. 

ENCHODUS, Agass. 

ENCHODUS PETROSUS, sp. nov. 

Established on the maxillary and premaxillary bones, of both sides 
of the sameindividual. In the latter bone the anterior margin is truncate 
obliquely upward and backward, its lower margin passing into the base 
of the single large tooth; alveolar surface elongate, posteriorly narrowed 
to an obtuse edge. The maxillary exhibits both borders obliquely 
truncate, with sutural face. The alveolar aspect supports two teeth, one 
larger than the other. 

The premaxillaries are very massive, and exhibit on their upper faces 
three oblique fosse, the posterior transversely subdivided. External 
face smooth. 

Measurements. 
M. 

Weneihorpremaxillary, (distal endlost)\:20.-c s4525 ---s 52ers 0.067 
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Obtained by Professor Mudge from beds of the Niobrara epoch in 
Kansas. 

ENCHODUS (?) ANCEPS, Cope; Cimolichthys anceps, Cope, Proceed. Amer. 
Philos. Society, 1872, 552. 

Niobrara epoch of the Smoky Hill River. 

ENCHODUS CALLIODON, Cope, loc. cit, 354. 

Niobrara epoch of the Smoky Hill River. 

ENCHODUS SHUMARDI, Leidy, Proceed. Acad. Nat. Sciences Phila- 
delphia, 1856, 257; Report U. 8S. Geol. Survey Terrs., I, 1873, 287, 
tub. xvil, fig. 20 Sage Creek, Dakota. 
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-EMPO, Cope. 

Proceed. Amer. Philosophical Soe., 1872, 347; Cimolichthys, Cope, loc. 
. cit., 348, (attributed to Leidy, but not his genus). 

A large number of additional specimens have been examined since 
the description above cited was published ; as several of these embrace 
crania with the bones in place, and greater or less portions of the bodies, 
many important additions to the definition can be made. 

The anterior end of the maxillary is subconic and generally compressed, 
as originally described under H. semianceps, and free from well-marked 
sutural surface. The distal part of the bone has a greater vertical extent, 
and exhibits points of attachment for bones or ligaments. This rela- 
tion, the reverse of what might be supposed without violating analogy, 
I have proved on two crania where they are in place. I have only seen 
the premaxillary in one species, the H. semianceps. It resembles that of 
Enchodus in its solid, massive character, and the presence of a prominent 
tooth at the anterior extremity. It bears two teeth near the middle of 
its length, a character which may be specific only. At the anterior ex- 
tremity of the maxillary, there is a short series of large teeth, which con- 
tinues gradually or abruptly into a series of much smaller teeth along 
the inner or posterior border of the alveolar face. ‘This terminates in one 
or two abruptly larger teeth near the distal end of the bone. The outer 
alveolar border is occupied by a row of teeth of large size, similar to 
those at the proximal end, which commences opposite the most distal ot 
the latter. Their size is reduced opposite to the two large distal ones, 
and is recovered again in the single row on the narrowed distal portion 
of the maxillary. The teeth are compressed at the tip, and generally 
bear one or more cutting edges. 

The dentaries support several series of teeth, one of large ones on the 
inner side, and several smaller on the outer. The small ones are double- 
edged, and diminish in size to the external margin; the inner ones are 
like the large ones of the maxillary series, with aflattened cutting apex. 

There are other tooth-bearing bones, which I cannot positively locate. 
Some of these are laminiform, and are covered on one edge and for 
some distance on the adjacent sides with a dense brush of small acute 
conic teeth. This bone is palatine or pterygoid. Another is a massive 
tongue-shaped bone with one narrowed extremity and the other expanded 
into alaminainthesame plane. Itsupportsa median series of teeth mostly 
in two rows, whose crowns are curved and simply conic. This bone is 
sometimes nearly symmetrical, so as to resemble a vomer; but in others it 
is distinctly unsymmetrical, and hence probably a lateral element. In 
one specimen it lies pressed down on the dentary with the teeth on the 
inferior side. Another bone is rod-like, with triangular section, with a 
single row of small conic teeth set on the edge, whose section gives an 
angle. This, doubtless, belongs to the branchihyal system, to which, per- 
haps, the piece first described may be attached. The latter I call the 
pharyngeal bone until fully identified. 

The vertebre are not grooved as in Saurodontide, but sculptured with 
raised lines only on the greater part of the column. Posteriorly deep 
lateral grooves appear. The ribs are well developed, and the abdominal 
cavity not elongate. Ventral fins are not in the abdominal position in 
the best identified specimens of HL. sulcata. No strong fin-rays can be 
certainly referred to the genus. The body was covered with very large 
scales on the side and on the middle line of the back; some of the latter 
having the character of shields. They have the surface, in some spe- 
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cies, marked with raised radiating ribs, or inosculating ridges, whose 
edges are sometimes serrate. 

Several species of this genus appear to have existed. I originally 
referred some of them to Dr. Leidy’s genus Cimolichthys ; but I find 
that they do not possess the same type of teeth. The Hmpo nepaeolica 
probably belongs to it, and the generic characters formerly given express 
the peculiarities of dentition of the distal part of the maxillary bone. 
The genus therefore takes this name. From several allied genera here 
enumerated, it differs in the presence of the outer series of small teeth 
on the dentary bone, and the inner series of the maxillary, with the 
absence of long teeth on the front of the former. 

EMPO NEPAEOLICA, Cope, Proceed. Amer. Philosophical Soce., 1872, 347. 

Niobrara epoch of the Smoky Hill region. 

EMPO SULCATA, Cope; Cimolichthys sulcatus, Cope, loc. cit., 351. 

Niobrara epoch of the Smoky Hill and of Rooks County, Kansas. 

EMPO SEMIANCEPS, Cope; Cimolichthys semianceps, Cope, loc. cit., 351. 

Niobrara epoch of the Smoky Hill region, and of Trego and Rooks 
Counties, Kansas. 

EMPO MERRILLII, sp. nov. 

Indicated by numerous portions of cranial bones, including those sup- 
porting the teeth. On the proximal part of the maxillary, the largeteeth 
grade into those of the small inner series insensibly; at the distal end 
the two large ones of the inner side are opposite to the reduced ones of 
the outer series. Both maxillary and mandibular teeth are striate- 
grooved on the outer side at the base. The pharyngeal bone is 
peculiar in not bring widelyzexpanded at one end, and in having a nar- 
row basis generally for the two rows of teeth it supports. The (?) palatine 
bone exhibits the teeth en brosse, seen in H. semianceps, but principally 
on one side, and the thickened edge supports on one of its marginal 
angles a series of much larger conical teeth. 

Measurements. 
M. 
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Niobrara epoch of Ellis County, Kansas. Dedicated to Professor 
Merrill, of Topeka, who has made a number of important additions to 
our knowledge of the extinct vertebrata of Kansas. 

EMPO CONTRACTA, sp. nov. 

Considerable portions of a cranium of a species of the lesser size of 
the H. semianceps resemble corresponding parts of that species, with 
certain marked exceptions. These are seen in the flatness of the maxil- 
lary bone, and the large size of the inner row of teeth. The inner face 
of the maxillary is very narrow, by reason of the depression of form. 
The proximal end of the same is, on the other hand, a little compressed.. 



A single row of large teeth occupies it, extending along the inner alve- 
olar border; those of the outer row appear to be wanting for a consid- 
erable distance, and are at first no larger than those of the outer. On 
the outer face at the distal end the usual fossa on the upper half is want- 
ing, the face from the alveolus being continuous with that of the rising 
lamina. The pharyngeal boneis flat and expanded behind. The dentary 
is acuminate distally, and the mental foramen issues in a groove, which 
passes around the end. The inferior external fossa commences some 
distance behind the foramen. External face of dentary striate. 

Measurements: 

Length of maxillary (constructed from fragments from opposite 
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From the Niobrara epoch of Trego County, Kansas. Discovered by 
Prof. B. F. Mudge, of the State Agricultural College of Kansas. 

STRATODUS, Cope. 

Proceed. Amer. Philosoph. Society, 1872, 348. 

STRATODUS APICALIS, Cope, loe. cit., 349. 

Niobrara epoch of the Smoky Hill River. 

APSOPELIX; Cope. 

Hayden’s Annual Report, 1870, 425. 

APSOPELIX SAURIFORMIS, Cope, loc. cit., 1870, 424. 

Benton epoch at Bunker Hill, Kansas. 

SHLACHIT. 

SPORETODUS, Cope. Gen. nov. 

Established on teeth resembling the posterior or pavement teeth of 
Heterodontus. Their arrangement cannot be described, as they are only 
known by separated specimens. Their surface is regularly convex, and 
covered with a dense layer, which does not exhibit pores, and is thrown 

- into transverse or oblique ridges. No rootis preserved in the specimens, 
but the basis is coarsely porous. 

SPORETODUS JANEVAL, sp. nov. 

A small tooth, probably lateral, is an oval, with its surface thrown 
into four folds, which traverse it obliquely from border to border. At 
the base of the outer at one end isa series of adherent tubercles; at 
the basis of that at the opposite end is a broken fold, with tubercles at 
its outer base. Length, 0™.0045; width, 0".0025. A portion of a larger 
and more central tooth has the surface with an unsymmetrical con- 
vexity, and crossed transversely by five tolds. 
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Discovered by Prof. B. F. Mudge, near Stockton, Kansas, in a bed 
containing many teeth of Oxyrhina, Lamna, &e., of small size. Dedi- 
cated to Dr. John H. Janeway, post-surgeon at Fort Hays, Kansas, 
who has rendered much important aid to palaeontology and zodlogy in 
Kansas. 

PTYCHODUS, Agass. 

PTYCHODUS POLYGYRUS, Agass., Poiss. Foss. 
Niobrara epoch, Ellis County, Kansas; Professor Mudge and Pro- 

fessor Merrill. 

PTYCHODUS OCCIDENTALIS, Leidy, Proceed. Academy Philadelphia, 
1868, 207; Report Geolog. Surv. Terrs., 1873, 398; tab. xvii, 7-8, 
xviii, 15-18. 

Niobrara epoch of the Smoky Hill. 

PTYCHODUS MORTONII, Agass. Poiss. Foss. 
Niobrara Cretaceous of the Smoky Hill River; Prof. Mudge. 

PTYCHODUS WHIPPLEYI, Marcou, Geol. North America, 1808, 33; 
Leidy, Report, ete , 1873, 300, tab. xviii, 19-20. 

Niobrara epoch of the Arkansas River, Kansas, and Galisteo, New 
Mexico; Professor Merrill. 

GALEOCERDO, M. H. 

GALEOCERDO CRASSIDENS, Cope, Proceed. Amer. Philos. Soc., 1872, 
350. 

Niobrara epoch of the Smoky Hill. 

GALEOCERDO HARTVELLII, Cope, loc. cit., 1872, 356. 

Niobrara Epoch of the Smoky Hill. 

GALEOCERDO FALCATUS, Agass., Leidy, Report U.S. Geol. Survey Terrs., 
i, 301; tab. xviii, 29-43. 

Niobrara epoch of the Smoky Hill. 

OTODUS, Agass. 

OTODUS DIVARICATUS, Leidy, Report, I, 305; tab. xviii, f. 26-28. 

Represented by several teeth, of which I select the largest and most 
perfect as type. The lateral denticles are well developed, though not 
large. The median cusp is rather narrow and moderately curved ante- 
ro-posteriorly. The posterior surface is smooth, the anterior coarsely 
striate at the base. The fangs of the root diverge strongly, but, what 
constitutes a peculiarity of the species, project far forward and outward 
at their point of junction below the crown, reminding one of the out- 
line of the Hottentot Venus. 

Jewell County, Kansas ; Professor Mudge. 

OXYRHINA, Agass. 

OXYRHINA EXTENTA, Leidy, loc. cit. 302; tab. xviii, 23-25. 
Niobrara Epoch of the Smoky Hill. 

LAMNA, Cuv. 

LAMNA, two sp., Leidy, loc. cit., p. 304. 



SUPPLEMENTARY NOTICES 

OF 

FISHES FROM THE FRESHWATER TERTIARIES OF 
THE ROCKY MOUNTAINS. 

RHINEASTES, Cope. 

Hayden’s Annual Report, 1872, 638. 

RHINEASTES PECTINATUS, sp. nov. 

This catfish is represented by a single specimen, which includes only 
the inferior view of the head and body anterior to the ventral fins. 
These exhibit characters similar in many respects to those of Amiurus, 
Raf.; but the introperculum, the only lateral cranial bone visible, dis- 
plays the dermoéssified or sculptured surface of the Eocene genus, to 
which I now refer it. Other characters are those of the same genus. 
Thus the teeth are brush-like, and there is an inferior limb of the post- 
temporal bone reaching the basi-occipital. The modified vertebral mass 
is deeply grooved below, and gives off the enlarged diapophysis that 
extends outward and forward to the upper extremity of the clavicle. 
The patches of teeth on the premaxillary are separated by a slight 
notch at the middle of the front margin. The teeth are minute. The 
four basihyals and the elongate anterior axial hyal are distinct; also the 
ceratohyal with its interlocking median suture. The number of branchi- 
ostegal radii is not determinable; there large ones are visible. The 
mutual sutures of the clavicles and coracoids are interlocking, and their 
inferior surface displays grooves extending from the notches. The 
pectoral spine is rather small, and bears a row of recurved hooks on its 
posterior face; there are none on the anterior face. 

The head is broad, short, and rounded in front, which, with the uncinate 
character of the serration of the pectoral spine, reminds one of the exist- 
ing genus Noturus. As compared with the five species of Rhineastes, 
described from the Bridger Eocene, the present species is distinguished 
by the small size and large uncini of the pectoral spine. 

Measurements. a 
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From the Tertiary shale of the South Park, Colorado. 

4B 
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AMYZON, Cope. 

Hayden’s Annual Report, 1872, 642. 

AMYZON COMMUNE, sp. nov. 

In describing this species, the following additions to our knowledge 
of the generic characters may be made. There is an open fronto-parie- 
tal fontanelle; the premaxillary forms the entire superior arch of the 
mouth; the pharyngeal bones are expanded behind ; there are 12 to 13 
rays of the ventral fin; there is a lateral line of pores, which divides 
the scales it pierces to the margin. ath 

The greatest depth of the body is just anterior to the dorsal fim, and 
enters the length 2.66 times to the base of the caudal fin, er a little 
more than three times, including the caudal fin. The length of the head 
enters the former distance a little over 3.25 times. Tlé general form is 
thus stout and the head short; the ftrontis gently cofvex, and the mouth 
terminal. There are fifteen or sixteen rows of scales between the bases 
of the dorsal and ventral fins. They are nrarked by close concentric 
lines, which are interrupted by the radii, of which eight to fifteen cross 
them on the exposed surface, forming an elegant pattern. At the cen- 
ter of the scale the inturrupted linés inclose an areolation. The ex- 
tended pectoral fin reaches the ventral or nearly so; the latter origi- 
nates beneath the anterior rays of the dorsal, or in some specimens a 
little behind that point. Théy do not reach the anal when appressed. 
The anal is rather short, arid has long anterior radii. The dorsal is ele- 
vated in front, the first ray being a little nearer the basis of the caudal 
fin than the end of the muzzle. Its median and posterior rays are much 
shortened; the latter are continued to near the base of the anal fin. 
Radii, D. 33; P.14; V.13; A.12. The caudal is strongly emarginate 
and displays equal lobes. 

Measurements, 
M. 
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There are 38 or 39 vertebre, of which 9 are anterior to the first inter- 
neural spine, and 14 between that point and the first caudal vertebra. 

A very large number of specimens was obtained by Dr. Hayden and 
myself from the Tertiary shales of the Middle and South Parks, Colo- 
rado., They display but insignificant variations in all respects, and fur- 
nish a good basis of determination. They all differ from the A. mentale 
(Cope, Proceed. Amer. Philos. Soc., 1872, 481) in the larger numbers 
of vertebre and dorsal and anal fin radii, and greater prolongation of 
the dorsal fin. It is, however, nearly allied to the species of the Osino 
shales. The only fish found associated with this one is the small nema- 

tognath just described. The predominance of these types and exclusion 

of the brackish-water genera Asineops, Hrismatopterus, and Clupea, so 

abundant in the shales of the Green River epoch, indicate a more lacus- 
trine, and hence, perhaps, though not necessarily, later deposit. 
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CLUPEA, Linn. 

CLUPEA THETA, sp. nov. 

Represented by a specimen from the Green River shales near the mouth 
of Labarge Creek, in the upper valley of Green River. It isa larger 
species than the C. humilis, Leidy, which is also found at the same 
locality, and it has a much longer anal fin. Its radii number 26, possibly 
a few more, as the end appears to have been injured. The dorsal fin is 
short; the last ray in advance of the line of the first of the anal. The 
body is deep. Number of vertebre from the first interneural spine to the 
last interhemal, 29. Depth at first dorsal ray, 0.0485; depth at last 
anal ray, 0.0170; length of 29 vertebra, 0.0780. 



ON THE GENERAL CHARACTERS AND THE RELATION OF THE 
FLORA OF THE DAKOTA GROUP.* 

BY LEO LESQUERUEX. 

The present article is a résumé of the essential characters and the 
relation of the flora of the Dakota group. 

1. Though the Cretaceous formation containing our fossil leaves has 
been recognized as marine, from the presence in its compounds of a num- 
ber of species of marine mollusks, no trace of fucoidal plants has been 
found among the vegetable remains of this group. The one described 
as Zonarites comes from the Benton group, where it was discovered in 
akind of limestone, mostly composed of large marine shells, species of 
deep water. 

It has been remarked how the fucoidal vegetation could not be intro- 
duced or brought upon the mud-flats and mixed with the red shale of 
the Dakota group, though the remains of marine plants are found in 
abundance just at the top of the Cretaceous series, in the lower sandstone 
of the Tertiary, which, on this account, has been compared to the Kocene, 
and admitted asits representative. This fact rather confirms the opinion 
that the Dakota formation is the result of a slow agglomeration of 
materials along a shore-line of wide extent; mud-flats, where, of course, 
the marine plants could not live, as their seeds do not take root in the 
mud; and where even their débris could not be preserved, on account of 
the softness and of the alternance of water over the surface. All the 
vegetable remains of the Dakota group, preserved either with their 
substance, or by impressions only, are pieces of hard wood, rootlets, 
and branches, with leaves of coarse, thick texture. Per contra, the 
sandstone with fucoids, or the Eocene, being slowly upheaved from deep 
water, was inhabited by a marine vegetation of long standing, which, 
though covered by successive sandy deposits, could but thrive, till near 
the surface of the sea, where we see it intermixed with fragments of 
exogenous land-plants washed on the shores, and indicating a new 
period or the beginning of a land formation. 

2. That vegetable Permian types should not be represented in the 
flora of the Dakota group, though both formations are in immediate 
juxtaposition, is not a matter of concern. But it is not the same when 
we recognize in these vegetableremains of the Cretaceous a total absence 
of representatives of the preceding formation, the Jurassic, whose florais a 
compound of Ferns, few Hquisetacece, some Conifers, and especially of a 
prodigious abundance of Cycadee. Three-fourths of all the fossil Zamie, 
and half of the Cycadew, known from all the geological formations, 
belong to the Jurassic. In the lower Cretaceous of Greenland, Heer 
finds still a marked proportion of species of this family, there being nine 
Oycadee in a group of thirty-six species of land-plants, a proportion of 

* Conclusion of the report on the flora of the Dakota group, now in progress of pub- 
ic ation. : 
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35 per cent. of the land flora of that epoch, as far as it is known. In 
the Dakota group, the only trace of a vegetable possibly referable to 
the Cycadew is the Pterophyllum (?) Haydenii, which, as it is remarked in 
the description, is considered by Schimper as of doubtful affinity. Prof. 
Heer, too, finds in the upper Cretaceous of Greenland a flora of twenty- 
eight species, mostly of Dicotyledonous plants without any trace of 
Cycadece.* . 

3. This absence of a predominant antecedent vegetable type in the 
Dakota group is not more remarkable than that of the Palms, which for 
the first appear in an extraordinary proportion in the lower Tertiary 
strata, just above the deep marine formation overlaying or following that 
of the Dakota group. Thesection of the cretaceous strata, as copied from 
Hayden’s report, page 2, indicates in ascending a succession of beds 
of clay of a thickness of about two thousand feet, overlaid by five hundred 
feet of cretaceous sandstoue, over which we find the lignitic formation 
with its peculiar flora, especially its abundance of Palms. Theseries of 
strata between the Dakota group and the Kocene has been uninterrupted 
as far as can be judged from the compound and the fossil animal remains. 
This does not indicate a period of long duration, at least comparatively 
to other more complex geological groups, and nevertheless the Cretaceous 
flora of ours has not a single species which might be referable to, or 
is recognized as identical with any of the land-plants of the Eocene, es- : 
pecially no trace of its essential representatives, the Palms. The pro- 
portion of Sabal is marked in the lignitic at Golden especially, at Black 
Butte, &c., not only by the remains of’ leaves, which in places fill thick 
strata of sandy clay, but also by fossil wood of the same class of plants, 
or by their trunks transformed into coal and identified by the characters. 
of their preserved internal structure. 

4. The essential and more numerous vegetable remains in the Da- 

*Since the above was written I have received from Professor Heer a most interest- 
ing pamphlet on the Sweden expeditions for the exploration of the high North. In this 
paper the celebrated professor gives, first,an abridged narrative of the progress and 
easualities of these explorations, and then sums up in a masterly manner the results 
obtained for vegetable paleontology, as far, at least, as they were recognized from a 
preliminary examination ef an immense amount of materials collected and sent to 
him. 
From the Lower Cretaceous of the northern side of Noursoak Peninsula, and in a bed 

of black shale overlaying the goeiss, which form the essential bulk of the land, he 
finds a flora of sixty-eight species, of which seventeen belong to Conifers, nine to 
Cycadee, thirty-eight to Ferns, three to Equisetaceze, and only one to Dicotyledonous; 
this is a peculiar kind of poplar. On the south side of the “same peninsula, near 
Atanekerdluk, on another formation of grayish black shale, Professor Norden- 
skidld, director of the expedition, discovered a quantity of well-preserved ‘vegetable 
remains at a higher stage, or of the Upper Cretaceous. The specimens rspresent sixty- 
two species, viz, ten Conifers, among them a Salisburia found with leaves and fruits ; 
two Cycadez; thirteen species of Ferns; and thirty-four dicotyledonous species distrib- 
uted in sixteen families and eighteen genera. Among these he mentions leaves of 
Ficus, Sassafras, Diospiros, Magnoliu, Myrtus, Leguminose, &c., and remarks that some 
of the species are known already from the Quader sandstein of Saxony, Bohemia, 
Moletin, (Moravia.) Only five of these species, three Ferns and two Conifers, are iden- 
tical with those of the first locality, or of the Lower Cretaceous. Eight hundred feet 
above this formation they still found strata of clay and sandstone filled with a prodig- 
ious quantity of remains of fossil plants, which, according to Heer, represent a flora 
of the Lowest Miocene, and where he identifies one hundred and thirty-three species, 
fifty of which are also found in the Miocene of Europe. This flora is totally different 
from that of the Cretaceous of the same country, and no species are identical. This 
Tertiary formation is covered like the whole land by immense deposi to flava. 

This description corresponds in many points with what we know of the Upper Cre- 
taceous of Kansas and the Lower Tertiary formations of the Rocky Mountains, and we 
shall probably find, when the species of Greenland are published, a number of them 
identical with those of the Dakota group. 
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kota group are leaves of Dicotyledonous, representing the three di 
visions of this class, and, what is more remarkable, the genera to which 
belong most of the living arborescent plants of this country and of our 
present climate. If what may be called positive characters of the genera— 
the flowers and the truits—are not ascertainable from fossil fragments, it 
is at least impossible to deny the intimate relation of most of the leaves 
of the Dakota group to the genera to which they have been referred in 
their descriptions. ; 

Beginning by the Apetalous, we have first Liqguidambar leaves so simi- 
lar to those of our sweet-gum tree, L. styracifluum, by form and 
nervation, that in comparing the fossil leaves with those of our living 
species, no differeace whatever can be remarked but in the entire borders 
of the fossil ones. They are more or less serrate-crenulate in the living 
species, as also in L. Huropeum of the Miocene of Europe. But some 
species of the same formation, and considered by authors as referable 
to this genus, have leaves with entire borders. Even Gaudin, in his 
memoirs on the fossil leaves of Tuscany, figures as L. Huropeum, three 
leaves, one of which, with entire borders, Pl. V, Fig. 3, looks lke a 
counterpart of our Fig. 2, of Pl. II, the lateral nerves being marked as 
branches of the second pair of nerves, just as it is in our Cretaceous leaves, 
and not emerging from the top of the petiole as in the leaves figured by 
Heerunder thesamename. Gaudin accounts for the entire borders of this 
leaf by the supposition that the denticulation cannot be remarked on 
account of the coarseness of the stone where the leaves are imbedded. 
We could give the same reason or admit such a supposition, but the 
forms of the leaves of this genus are so distinct that the difference in the 
more or less serrate borders cannot prevent their generic identification. 
The leaves of the Cretaceous species are, especially by their truncate base 
and their general outline, rather related to those of our L. styracifluum, 
than to those of the Asiatic form, LZ. orientale. These are the two only 
living species of Liquidambar, with palmately-lobed leaves. 

The history of this Genus, its origin, and the present distribution of its 
species, offer with thatof Platanusa coincidence worthremarking. Both 
appear first in the Dakota group; both pass through the Tertiary forma- 
tions of Europe in different moditications, and both, too, have each for 
essential representatives of the present flora an oriental and an occiden- 
tal form. In Asia, Liquidambar orientaleand Platanus orientale ; in our 
country, LZ. styracifluum and P. occidentalis, of which the Mexican forms 
are mere derivations. No species of Liquidambar has been as yet rec- 
ognized in our North American Tertiary formations. Two species widely 
distributed are described with numerous varieties from the Tertiary of 
Kurope. 

The numerous leaves whichare referred tothe genus Populites are com- 
parable to those of the different species of poplars now inhabiting the 
north part of this continent. The relation is not positive, however. 
They essentially differ by the peculiar disposition of the secondary veins 
to run straight to the borders, a kind of nervation (craspedodrome) re- 
marked in the leaves of the beech, and in very few indeed of the leaves, 
with entire borders of our present arborescent vegetation. Leaving out 
this difference and considering the apparent affinities, we have Populus 
Haydenii, referable to the section of the Marginate to which belong our 
P. monilifera,and some of its numerous varieties, P, canadensis, P. augu- 
lata, &c., and related also by its nervation and its peculiar denticulation 
to P. candicans of ours, and P. balsamoides of the Miocene. Populites cyclo- 
phylla and P. lancastriensis have typical affinity by their nervation and 
the enlarged form of the leaves with Populus latior, while Populites elegans 
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is referable to some forms of Populus attenuata, both these of the Miocene 
and to the living P. nigra. Populites ovata may be compared to Populus 
mutabilis, also of the Miocene. On account of the thick texture of the 
leaves it is placed in the section marked Coriaceous, of which there is no 
American representativeatour present time. Thethickness ofthe leaves 
of this last fossil Populites is not much more marked than in the other 
species of the genus. Scales of buds and seeds of poplars have generally 
been found in the Miocene of Europe, in connection with leaves referable 
to the genus. None of these vegetable organs have been discovered as 
yet in the shale of the Dakota group. The relation is, as remarked above, 
indicated merely by the form of the leaves, and this character is scarcely 
reliable to prove specific or even perhaps generic affinity. 

It is not the same case, however, with the leaves of Salia and of Fagus, 
the willow and the beech. Their generic relation is positively indicated 
by the form of the leaves and by their nervation. Our Salia candida, 
Wild., as widely distributed as a shrub as the beech is as a tree, is the 
living willow most intimately related to the Cretaceous form. Its type 
is also represented in the Upper Tertiary or the Pliocene of California, 
especially. The species of Fagus of the Cretaceous is, by its entire, undu- 
late leaves, rather referable to the present /. sylvatica of Kurope than to 
our F. ferruginea. Both these species, however, are so similar that they 
were formerly considered by botanists as mere continental varieties, and 
are still admitted as such by many. They have on both continents the 
same wide and general distribution, being essential constituents of the 
forests of our present time. The beech has representatives in far dis- 
tant countries, but its types are local, and all the exotic ones differ 
from that of our fossil species. Japan has one species with leaves cord- 
ate at base and borders obtusely crenate, the secondary nerves tending 
to the sinuses. Chili has five, with leaves obtuse, truncate at base, and 
borders mostly doubly serrate. South Central America has one of very 
wide distribution ; it has small coriaceous dentate leaves. New Zealand 
has four, all with doubly serrate leaves and the lower surface white 
tomentose; and Tasmania has for its share two species of a still more 
distant type, with obtuse, truncate, and dentate leaves. Per contra, 
most of the species described as yet from the Tertiary are referable to 
the European or the North American types. F. pristina is related to our 
F. ferruginea. F. antipofi, from the Miocene of Alaska, is related to the 
same by the slightly dentate borders, but differs indeed by the larger size 
ot the more taper-pointed leaves. 7. macrophylla of the same formation 
and country has the leaves entire, like the European spices, but still of a 
far larger size, the specimen figured by Heer representing a leaf 16 to 18 
centimeters long, and 10 centimeters wide. FF. deucalionis, F. feronic, FP. 
horrida have borders of leaves more or less dentate, and therefore more 
like the North American type. It is only when out of the geographical 
limits of the north occidental flora or in the Grecian Archipelago that we 
find a fossil species of Fagus related to an exotic form with doubly den- 
tate small leaves: F. dentata, from HKubea, a species which Unger com- 
pares to the Chilian F. obliqua. 

After this we find described from our Cretaceous flora: Betula beatri- 
ciana, comparable by the form of its leaves and its nervation to our B. 
nig gra, so widely distributed from the northern shores of Lake Superior 
to Florida; seeds of Myrica ; at least these which we have figured under 
this name, are undistinguishable from Heer’s seeds of Myrica deseribed 
from the Cretaceous flora of Quedlinburg, but indeed more flattened than 
the seeds of any of our present species; then leaves of oaks Quercus 
primordialis, of the type of the so widely distributed and variable Qs 
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prinus, the chestnut oak; Q. ellsworthianus and @Q. anceps, types of 
our Q. phellos and Q. imbricaria, species with entire borders of leaves. 

It would be hazardous to pursue further a typical comparison of the 
Cretaceous species of oaks, on account of the few materials found as 
representatives of this genus in the shales of the Dakota group. The 
few specimens, however, represent distinct, well-preserved leaves, from 
which at least we know that the oaks were already present in the Creta- 
ceous flora of our continent. They appear few, in a modest way, though 
already of two distinct types; but soon the forms become more numer- 
ous and the genus takes an important place in the arborescent vegeta- 
tion of the world. In the Hocene flora of the Rocky Mountains six spe- 
cies have been discovered already, among which one representing the 
third essential type of our oaks, marked with deeply pinnately-lobed 
leaves, as in the numerous species of the section of the North American 
black oaks. The Elk Creek specimens, which seem to represent two 
horizons of the Tertiary, have eight species; the Washakie group, and 
Carbon have six, and in the Pliocene of California the representatives 
of this genus are still more numerous and their types still more inti- 
mately related to those of the living species. The flora of the California 
chalk bluffs has six species of oaks, under only thirty-four species. 

The three last genera of the Apetalez represented in the flora of the 
Dakota group are Platanus, Laurus, and Sassafras. Though no fruit of 
Platanus has been found till now with the leaves, these are, by their form 
and nervation, positively typified as representatives of this genus. Heer 
had already recognized P. Newberrii, in his Phyllites du Nebraska. To 
this I have added P. Heerii, far different from the former, as seen in the 
description ; and P. primeva, which, from its likeness to P. aceroides, I was 
formerly induced to consider as a mere variety. Though, from the form 
of other mostly entire leaves, the Cretaceous species is apparently dis- 
tinct, the analogy or similarity, as indicated by the characters of the 
leaves, is notthe lessremarkable. It is the type of the species later rep- 
resented by acutely lobed and dentate leaves, which we recognize in the 
Hocene of the Rocky Mountains as P. Haydenii, in the Miocene of the 
same country and of Europe as P. aceroides, in the Pliocene of Califor- 
nia as P. dissectus, and especially now as P. occidentalis.—P. aceroides 
was already considered by European authors as the ancestor of our P. 
occidentalis before the Cretaceous species had been discovered. Now, we 
have to refer the origin of our noble tree to a more ancient epoch. 

Like that of Fagus and Liquidambar, the Cretaceous type of Platanus 
has not widely varied and multiplied, and also it does not appear to have 
changed its habitat in a marked degree, at least not in latitude. One 
species only, P. aceroides, and its variety, P. guillelme, is abundantly dis- 
tributed in the Miocene of Europe, from Greenland as far south as North 
Italy, over an area of about twenty-six degrees of latitude, while the 
range of P. occidentalis is from the great lakes to the Gulf of Mexico, 
passing still farther south into Mexico by its analogous P. Mexicana. 
From Europe it has passed eastward as P. orientalis, in the same way 
as it has gone west from our country as represented by P. racemosa of 
California. 

In the Lawrinew we have leaves referable by their form and nervation 
to the genus Laurus or Persea, and a well-preserved fruit, Lawrus macro- 
carpa, which, comparable also to the fruits of Cinnamomum and Sassafras, 
is, from its association in the same localities with leaves of Lawrus, admit- 
ted as belonging to this genus. It seems a southern type in comparing 
it to the other species of the Dakota group, but it is rather, I think, a 
Shore type. Our Laurus (Persea) caroliniana extends in following the 
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shores from Virginia to Louisiana, and farther west in Texas. It is a 
meager reinnant of a number of species of the same genus which inhab- 
ited our North American continent and that of Europe during the Terti- 
ary period. We find some of them already in our Eocene, especially in 
Mississippi. Eight species of Laurus and two of Persea have been 
described from the Mioceneof Europe. The genusenters by three species 
into the Miocene flora of the Baltic, but it has as yet no representative 
farther north. None has been described from the Arctic regions. 

Sassafras belongs to the same family. The leaves of Sassafras are 
found in such great proportion in the southern area of the Dakota group, 
especially in Kansas, that the genus seems to have represented there a 
large part of the land vegetation. Our S. officinalis is, by its leaves, 
searcely distinguishable from some of the varieties of forms of the leaves 
of the Cretaceous species, which, like the present one, seems to have had 
a remarkable disposition to variability. I have explained with the de- 
seription of the fossil leaves what reasons have induced me to separate 
as species some of the more peculiar forms. I must say, however, that 
considering merely the outlines of the leaves of our present sassafras, it 
would be as convenient, if they were found distributed per groups and in 
a fossil state, to separate, as species, as large a number of these forms, as 
it has been done for the sassafras leaves of the Dakota group. 

Nospecies of sassafras has yet been recognized inthe morerecent geolog- 
ical formations of this continent. Three species are described from the 
Tertiary of Europe, one of which, S. Ferretianum, is in the Miocene of 
Greenland, as also in the same formation of Italy. The wide range 
of distribution of S. officinalis, the only living species, also limited 
to this continent, is well known. It extends from Canada to Florida, 
and over the same latitude, from the borders of the Atlantic to the 
Western prairies, even as far west as the region of the Dakota group, 
along the banks of the Missouri River near Omaha. The distribution of 
this beautiful, odorant and sanative shrub, which in good situations 
becomes a tree of moderate size, is as remarkable as its exclusive affec- 
tion for the land of its origin.* 

The division of the Gamopetalez is not as positively and evidently 
represented in this Cretaceous flora as the former. Heer, however, has 
recognized in the Phyllites dw Nebraska leaves referable to Andromeda 
and Diospiros, two genera still present in the flora of this country. The 
leaves are fragmentary. But the celebrated author considers the refer- 
ence ascertain. There is in the Tertiary of Europe and of this continent 
a number of species of the same genera. No less than twenty-four, Di- 
ospiros species are described from the Miocene ; among them, two from 
Alaska and Vancouver Island. Of nearly one hundred of species known 
of the flora of our time, D. virginiana, the persimon, is the only one 
which has been left in the temperate regions of the North American con- 
tinent. None belongs to Europe. Of the two species more intimately 
allied to the North American one, D. Lotus, a native of China, is often 
cultivated in the south of Europe; the other, D. Kaki, is from Japan ; 
both have eatable fruits. 

Proceeding further and coming to the division of the Apetaloe, we find 
among the fossil leaves of the Dakota group an Aralia leaf similar in its 
essential characters to one described by Heer from the Cretaceous of 
Europe. There is aslight difference which may be considered a specific, 
but generic identity is undoubtful; an Hedera whose affinity is marked 

“Like that of our Cornus florida, the acclimatization of this species hasnot succeeded in 
foreign countries. 
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by the outline of its coriaceous leaves and still more by their nervation ; 
two species of Magnolia, represented by a large number of leaves and 
recognized already in the Phyllites by Heer, and three species of Lirio- 
dendron, the tulip tree, whose form of leaves like that of the Sassafras 
sufficiently proves the generic reference. 

Considering these genera separately in regard to their relations and 
to their present and past distribution, we find Avalia still represented in 
our flora by six species, all of different characters of leaves. For indeed 
the relation of the fossilform is rather to an old section of the Aralia 
with compound palmate leaves, now referred to the Hedera like H. Xal- 
apensis of the mountains of Mexico. This type is still represented by 
large leaves in the Pliocene flora of California. Hedera helix, the ivy to 
which our Cretaceous species H. ovalis is closely allied, is indigenous of 
Europe, where its origin is confirmed by paleontology, the species having 
been recognized in the Pliocene of Italy. It is, however, of so easy 
acclimation with us. that it looks like an old wanderer returned home 
after a long absence. In the temperate zone of the United States, it 
invades walls and stone-dwellings as it covers the ruins of the Euro- 
pean castles of old. The genus Aralia is not represented yet in the 
fossil Tertiary flora of Europe. 

But evidently these two most admirable genera of trees, Magnolia 
and Liriodendron, belong to North America by origin, succession, and 
presence. Of the eight species of true Magnolia, (Magnoliastrum,) now 
known to botanists, seven belong to the western slope of the temperate 
zone of North America, and the other M. Mexicana, is either a variety 
of M. glauca, or M. grandiflora, or even is referable to a different genus. 
We have seen that already two species of Magnolia have been recog- 
nized by Heer in the Dakota group. I have added two species to the 
number, one of which, however, is of uncertain affinity. In our lower 
Tertiary, the Eocene, we have still seven species; five of them in 
the Mississippi Eocene, one at Carbon, and one at Black Butte. Of 
the Mississippi species, two have been found in the Raton Mountains, 
New Mexico, marking thus the genus with the same climatic distri- 
bution as it has now; or with wandering representatives far from 
the limits of its area of general distribution. Thus, one of the species 
M. Inglefeldi, found at Black Butte, is described by Heer from the 
flora of Greenland, just as we find now groups of I. glauca and M. wm- 
brella, isolated in deep gorges of Pennsylvania, far cut of their mean 
range of habitat. In the Pliocene of California the genus has two spe- 
cies. In the Tertiary formations of Europe it has none. As remarked 
above, however, one species is described from Greenland, and two from 
the Cretaceous formation of Moletin, these of a type different from that 
of the Dakota group species. 

Liriodendron, the tulip tree, has in its characters, its distribution, and 
its life a great degree of affinity with Magnolia. The American 
species is the only one known now in the vegetable world, and its habitat 
is strictly limited to this country. It does not ascend higher than the 
fortieth degree of latitude, except, perhaps, casually, like Magnolia 
under the protection of favorable local circumstances. The genus does 
not appear to have any disposition to modifications of its type and to 
migrations. We have not as yet any fossil remains of it in our Tertiary 
formations. In that of Europe it is represented from Greenland to Italy 
by one species only. The leaves of different forms described from 
the Dakota group as four species, may perhaps be referable to 
a single one, as the characters, especially the size of the leaves, may 
be local and result from climatic circumstances. It has thus passed 
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a solitary life. Even now by the singular and exclusive form of its 
pale-green glossy leaves, by its large cup-shaped yellow flowers, from 
which it has received its name, by its smooth exactly cylindrical stem, 
gracefully bearing an oblong pyramidal head of branches, grouped with 
perfect symmetry, it stands widely apart from the other denizens of our 
forests, as a beautiful stranger, or rather as a memorial monument of 
another vegetable world. Hither considered in its whole or in its sepa- 
rate characters, the tulip tree is an universal and constant subject of 
admiration and wonder. It could be named, not the king, it is not 
strong enough for that, but the queen of our forests, if the Magnolia 
was not there with him to dispute the prize of perfection by the still 
grander majesty of its stature, the larger size of its foliage, the elegance 
and the perfume of its flowers. Our sense of admiration for these 
noble trees is heightened still by the dignity of their ancient origin. 

I have referred to the family of the Menispermacee under the generic 
name of Menispermites, a large number of leaves related by theirform and 
nervation to those of the American species of Menispermum. M. Canadense 
and M. Smilacinun. The relation appears to me as positive as it can be 
established from a single kind of vegetable organs, the leaves. ‘This 
relation may be searched for in plants of a far distant country and of a 
different climate, and there perhaps found as evident with another class 
of vegetables. But I can not admit that we have to look to foreign 
types for analogy of a vegetation whose essential characters are recog- 
nized in the species of this country. Jfenispermum canadense is now the 
consort of our Platanus, Magnolia, Tulip-tree, &c. It grows under the 
same climatic circumstances, and has the same habitat. As the leaves 
of the Dakota group compared to this species are like it, peltate, round 
or cordate, obtusely angular, of the same nervation and consistence, 
there is reason, indeed, to refer it to this family rather than to any other 
without any representative among US. 

No species of Menispermum or Menispermites has been recognized 
from the geological formations except the species of the Dakota group. 
One-leaf, however, is described by Unger as Acer obtusilobum, which 
appears to me a true Menispermites. It has the secondary nervation of 
Menispermum, (Cocculus Oarolinus,) and the basilar veins comes out from 
the borders of a round notched base, as in a peltate leaf. Unger doubt- 
fully considers this leaf as a species of Acer. Till now we have not seen 
any appearance of organs of this last genus, either leaves or seeds, in the 
Dakota group, as we have none also in the Eocene. The maple seems 
to be of more recent origin, as it is remarked hereafter. However, one 
Cretaceous leaf, or the fragments of a double leaf, are referred with doubt 
tothe genus Negundo. As the leaf is not complete, its outline indefinite, 
it is useless to argue upon its possible affinity, and for this, as for some 
others, we have to wait for the discovery of more perfect materials. 

The relation of other leaves of the Dakota group to the genera 
Paliurus, Rhamnus, Juglans or Rhus, and even Prunus appears sustained 
by sufficient evidence. The character of leaves of Paliurus and Rhamnus 
are not likely to be mistaken. Both these genera have identifiable re- 
mains in the Tertiary of the Rocky Mountains; one Paliwrus is found 
in the Eocene of Golden and Black Butte, and another in the Miocene of 
Carbon and Washakie. This last is an arctic species, also recognized by 
Heer in the Miocene of Greenland and Spitzberg. Rhamnus is especially 
well represented in our lower Tertiary. Hight species are described from 
Golden, Black Butte, and the Raton Mountains, four of which are in the 
Miocene of Europe, where the genus has fourteen species. It is there- 
fore an old type well established at the beginning of our Tertiary period ; 
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and it is not surprising to find it already in the upper Cretaceous flora. 
Its present distribution is mixed. The. genus preserves its predomi- 
nance in HKurope by the number of its species; it has there more than 
a dozen, while North America has only four or five. 

It is remarkable that the next closely allied genus, Ceanothus, has not 
yet been recognized in the Dakota group, though now an exceptional 
American type. It has one species in the Hocene of Golden, another, 
very fine, in the same formation of the Mississippi, and many more in the 
upper Tertiary of the Rocky Mountains, and especially in the Pliocene 
of California. The ten living species of true Ceanothus described in 
the D. C. Prodromus, belong to the United States, especially to the 
southern zone, and a number of them are added to the list by the as 
yet unpublished flora of California. The absence of the type in the 
Cretaceous of the West is in accordance with the fact remarked upon in 
describing the general character of the leaves of the Dakota group, viz, 
the absence in this group of any kind of serrate leaves. 

It is uncertain whether the compound leaves of which a number of 
separate leaflets have been figured in this memoir as Juglans Debeyana, 
represent a species of Juglans, or of Rhus. Iam inclined now to refer 
them to this last genus, especially on account of the nervation more analo- 
gous to that of the present Rhus metopium, of Florida,* whose leaves also 
resemble somewhat the fossil ones; but there is as yet no sufficient 
evidence on this account. In considering the distribution of the species 
of both Rhus and Juglans, in the subsequent formations, we do not find 
any difference pointing out to a predominance of one of these types at 
any time. From the Dakota group, two other kinds of leaves are referable 
to Rhus. Intheupper Tertiary of the Rocky Mountains we have four, and 
it is wellproved nowthat the relation of our vegetable Cretaceous types is 
not with Kocene species, but rather with those of the upper Tertiary and of 
the present flora. On another side, Juglans acuminata and J. rugosa 
which by their somewhat coriaceous entire leaves are distantly related 
to the Cretaceous species, have been recognized at most of the localities 
where Tertiary fossil plants have been found; they are at Carbon and 
also in the Eocene at Golden, the Raton, Black Butte, &e., and thus seem 
to indicate by their general distribution the origin of Juglans in the 

_ Cretaceous group as evidently as that of Rhus. From the Miocene of 
Europe about twelve species of this last genus have been described, 
two from the Arctic regions; and from the same formation as many 
species of Juglans, with six species of Carya. At our time J. regia, so 
generally known and cultivated for its large fruit, is of Asiatic origin, 
while of the other four species known, three belong to the middle zone 
of the United States, which has also for its share all the living species 
of Carya. Of the living species of Rhus, Austral Kurope has two; one 
of which, R. cotinus, has been compared by the form of its leaves to &. 
emarginata of the Dakota group. We have in North America, besides 
Kf. metopium, which is rather a tropical form, six species of the section 
of the pinnately-divided leaves, with the trifoliate Rh. toxicodendron and 
kt. aromatica, both extremely variable, all types already represented in 
the Pliocene of California. 

Except an Amelanchier, described by Dr. Newberry in his Notes on 
Extinct Floras, Xe., from the Tertiary beds of the Yellowstone, we do not 
know as yet any fossil species of Rosacez from the western Tertiary 
measures. This is not a reason why Prunus should be excluded from 

* The species is indigenous in Cuba. I have specimens from South Florida, but it 
may be there cultivated. 
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the list of the genera of the Dakota group. By their present distribu- 
tion, our P. serotina and P. Virginiana indicate an extreme power of life, 
or of resistance to climatic changes, both being the only arborescent 
species of this continent, with a range of 30° to 35° in latitude, and both, 
too, being found everywhere, on every kind of ground ; the one as a shrub 
along the banks of streams, the other as a fine tree in our woods. And, 
also, we have in our P. Caroliniana, a shore tree of the South, a species 
whose coriaceous entire leaves recall the essential characters of those of 
the Dakota group. Three species of this genus are described from the 
Tertiary of Europe, none as yet from ours; but it is probable that fossil 
remains referable to it will be found hereafter, as it has in our present 
flora a larger number of species than in that of Europe, or of any other 
part of the world. Of the species described by De Candolle, fourteen 
are North American, five European; four species belong to Japan, &c. 
Resuming in a few sentences the above remarks, we find: That the 

Dicotyledonous flora of the Dakota group represent species referable to 
the genera Liquidambar, Populus, Salix, Betula, Myrica, Quercus, (in two 
of its principal types,) Ficus, Platanus, Laurus, Sassafras, Cinnamomun, 
Diospiros, Aralia, Magnolia, Liriodendron, Menispermum, Negundo or 
Acer, (?) Paliurus, Rhus or Juglans, (?) and Prunus ; or, merely considering 
the affinities to our present flora, of twenty genera, seventeen of which 
are those to which belong the species of our trees and shrubs which have 
the more general and the widest range of distribution. Indeed, all our 
essential arborescent types are there, except those which are marked by 
serrate or doubly-serrate leaves: Tilia, disculus, all the serrate Rosacee ; 
Hamamelis, Fraxinus ; the Urticinee ; Planera, Ulmus, Celtis, Morus ; 
and of the Amentacee, the serrate Betula, Alnus, Ostrya, Carpinus, Cory- 
lus, Carya, Ge. 

This enumeration exposes the general facies of the leaves or of the 
flora of the Dakota group, viz, integrity of the borders and coriaceous 
consistence of the leaves. The borders, if not perfectly entire, are merely 
undulate or obtusely lobed. There is only one exception to this in that 
peculiar short denticulation with outside turned teeth, which is marked, 
exactly of the same kind, in Populites Haydenii, P. flabellata, Platanus 
Newberryi, Quercus Mudgii, and the fragments described as Phyllites betu- 
lefolius. This mode of division of the borders of leaves is very rare in 
species of our present times, except, perhaps, in some leaves of poplars. 
A single of the leaves of the Dakota group Quercus primordialis has the 
borders distantly serrate or marked by teeth turned upward. There is 
also in the flora of the Eocene of the Rocky Mountains a marked prepon- 
derance of leaves with entire borders. The serrate leaves appear in the 
Miocene, with Acer, Alnus, Corylus, and become predominent in the 
Pliocene of California, where Ulmus, Planera, Celtis, Carya abound, 
though these genera are not more in the flora of the Pacific slope. 

But of the detailed correlation of the flora of the Dakota group with 
that of the subsequent geological epochs of this continent, I will say 
nothing more now until the materials on hand are definitely described 
and figured for comparison. 

There is little to say on the analogy of this Cretaceous flora of ours 
with that of any of the Cretaceous groups of other countries. Of the 
Ferns, we have a Gleichevia Kurriana (?) apparently identical with the 
form described under this name from Moletin. Of the Conifers, there 
is a Specimen doubtfully referable to Geinitzia and of the Dicotyledonous, 
an Aralia leaf, also closely allied to species of the same locality. With 
the flora of the Quader Sanstein of the Hartz, that of the Dakota group 
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Ss relates by Pterophyllum (?) Ernestine and Quercus Mudgii, and to that of 
the same formation.of Niedershcena, as described by Kttinghausen by a 
Cunninghamites, a Glyptostrobus, (Frenelites,) and Ficus Halliana. And, 
too, we have to admit an uncertatm relation with Australian types by 
the species described by Heer as Proteoides, and. by one leaf of Conifer, 
Phyllocladus, a type extinct on thiscontinent. 

This is sufficient to prove, relatively to our present knowledge, at 
least, the truth of the assertion, that the flora of the Dakota group, 
Without afitrity, with any preceding vegetable types, without relation to 
the flora of the Temer Tertiary of our country, and with scarcely any 

_ forms referable to specieés.known from coeval formations of Kurope, pre- 
Sent in its whole a remarkableand as yet unexplainable case of isolation. 



DESCRIPTIONS. OF SOME NEW ORTHOPTERA, AND NOTES ON 
SOME’SPECIES BUT LITTLE KNOWN, BY CYRUS THOMAS. 

Minorissa alata, sp. nov. 

Corresponds very closely with Walker’s description of M. pustulata, 
except that the wings are fully developed and nearly as long as the 
elytra. 

The sides of the pronotum are not tuberculate except the slight tu- 
bercles along the lower margin. Color uniform pale-green. 

The following additions may be made to Walker’s generic characters: 
Posterior femora shorter than the abdomen, triangular; head slightly 
ascending. 

The anterior and middle transverse lines of the pronotum are nearly 
obsolete in the single specimen I have examined. 
Dimensions.— ° , Length, 1.4 inches; elytra, 1 inch; posterior femora, 

0.52 inch; posterior tibia, 0.50 inch. i 
Habitat unknown; the specimen, which is somewhat mutilated, found 

in the collection at the Agricultural Department, without any mark 
indicating the place where it was obtained. It is probably from some 
part of South America. 

Opomala mexicana, Sauss., Rev. et Mag. Zool., XIII (1861), 156. 

Slender, cylindrical elongate. 
Female.—Occiput somewhat elongate, slightly ascending, with a shal- 

low punctured sulcus each side, the two approaching in front. Vertex nar- 
row between the eyes, expanding in front of them, rounded in front, this 
portion being about as broad at the baseas it is long; a shallow channel 
along the middle; margin not raised. Eyes very oblique, oblong, ovate. 
Face very oblique; the middle pair of carine distinct above, somewhat 
fading below; lateral pair indistinct. Antenne rather short, enlarged 
at the base, but somewhat thick and but slightly fattened; edgesrounded. 
Pronotum a little longer than the head, cylindrical, without carine; sides 
parallel; transverse incisions minute and indistinct; the posterior one 
about two-thirds the length from the front; posterior margin obtusely 
rounded; its entire surface, as also the top of the head, minutely granu- 
lose. Elytra elongate, passing the abdomen about one-third their length; 
very narrow and lanceolate; wings nearly the same length. Posterior 
femora reach the tip of the abdomen 

Color (dried).—Pale olive-brown, with a yellow stripe commencing at 
the lower angle of the eye and running along the lower margin of the 
side of the pronotum to the insertion of the posterior leg; this yellow 
margin or fascia each side is very distinct and marked; otherwise the 
color is somewhat uniform, except the posterior tibiz, which are blue. 

Male.—Differs trom the female in being smaller, slenderer, and as fol- 
lows: The vertex is more pointed; the transverse incisions of the pro- 
notum almost wholly obliterated; the elytra almost linear; the subanal 
plate elongate, pointed, curved upward; the pinne of the posterior 
femora dim, and scarcely V-form; the posterior femora scarcely as long 
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as the abdomen; the lateral marginal stripe white; the abdomen a shin 
ing dark-brown. 
Dimensions.— ¢ , Length, 1.25 to1.5inches. Specimens were received 

from Mus. Comp. Zool., Cambridge, and from the Agricultural Depart- 
ment, Washington. 

Pyrgomorpha brevicornis, Walk. 

Male.—Sides of the head, pronotum, and of the closed elytra perpen- 
dicular, flat, compressed. Top of the head slightly ascending to the tip of 
the vertex; the vertex between the eyesrather broad, slightly convex ; the 
portion in front of the eyes short, scarcely exceeding its width, rounded at 
the apex; a very slight median carina in the front portion; margins 
scarcely raised; no foveole. Face quite oblique, straight, narrow above 
and expanding below, quadricarinate; the carine minute but distinct, 
moderately divergent, reaching totheclypeus. Antenne longer than the 
head and thorax, enlarged at the base, triquetrous. Hyes placed high 
and well forward, oblique, ovate, acuminate at the apex. Pronotum a 
little longer than the head; sides parallel; tricarinate, the three carine 
distinct but not elevated, the lateral consisting of the angle formed. by 
the perpendicular sides with the nearly flat disk; one minute transverse 
incision a little behind the middle. Elytra and wings extend about one- 
third their length beyond the extremity of the abdomen; the former 
obliquely truncate at the tip. Posterior femora slender, nearly as long 
as the elytra. Subanal plate conical. 

Color.—Brown and green. Face, and the entire dorsal surface, uni- 
form bright green; the entire sides fuscous brown; anterior and middle 
legs and posterior femora green; posterior tibie dusky; spines white, 
tipped with black; antennez brown. 
Dimensions.—Length, 0.91 inch; length to tip of elytra, 1.25 inches; 

elytra, 0.86 inch; posterior femora, 0.64 inch. 
Remark.—This specimen, which is from Texas, received from Mus. 

Comp. Zool., is evidently Pal. Beauvois’ Truxalis notochlorus. I am 
now very strongly inclined to the opinion that my P. punctipennis is but 
a variety of this species. I am also well satisfied that this is the species 
I saw at Murphysboro, Illinois, which produced such a loud crackling 
noise in leaping. (Rept. Ils. 8t. Agl. Soe., vol. v.) 

-Gomphocerus simplex, Scudd. 

I have a specimen of what I am inclined to think is Mr. Scudder’s @. 
simpiex, which was collected by Mr. Uhler in Maryland, and communi- 
cated to me by Prof. T. Glover; but as it varies somewhat from Mr. 
Scudder’s description, I give here a full description: 
Male.—Back part of the head ascending, tricarinate; these three carinz 

minute, but distinct and close together; the lateral ones bend suddenly 
outward at the upper angle of the eyes and connect with the raised 
margins of the vertex; the median carina continues to the tip of the 
vertex; vertex slightly ascending and rounded in front; no lateral 
foveole. Face quite oblique and slightly arcuate; frontal costa rather 
broad, of equal width throughout, and suleate; lateral carine distinct, 
divergent. Antenna about as long as the head and thorax; the club very 
distinct, commencing at the thirteenth or fourteenth joint. Pronotum 
with the sides nearly parallel; the lateral carine curving inward slightly 
about the middle; the three slight carine of the head are continued 
with equal distinctness along the middle of the pronotum, parallel, and 
preserving the same distance from each other as on the head; the lateral 
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carine though minute are distinct; the disk shows one minute trans- 
verse incision a little beyond the middle; posterior margin obtusely 
rounded. . 

Elytra extend beyond the abdomen; lower (costal) border somewhat 
expanded about the middle, and diaphanous; wings as long as the ely- 
tra. Posterior femora extend to the tip of the elytra. Subanal plate 
subconical. 

Color,(dried).—Face pale, testaceous; mouth-parts whitish. Upper sur- 
face of the head and pronotum testaceous brown along the central por- 
tion, with a black stripe each side extending from the vertex to the pos- 
terior extremity of the pronotum, filling the space between the outer 
median and lateral carinz, though at the curve of the lateral carinze 
it shows a slight dash exteriorly ; lateral carine bright yellow; sides 
testaceous, darkest along the middle portion, paler below. - Elytra testa- 
ceous-brown, with two or three irregular fuscous and pale spots along 
the disk. Wings (not opened) fuscous at the apex. Posterior femora 
dull-yellow; upper carine slightly touched with fuscous; tibize dull- 
white (probably bluish when living); spines tipped with black. Basal 
portion of the antennz testaceous; club fuscous. 

Dimensions.— 6 , Length to tip of elytra, 0.64inch; elytra, 0.48 inch; pos- 
terior femora, 0.40 inch; posterior tibiz, 0.37 inch. 

Gomphocerus carpenterti, Sp. Nov. 

Muale.—Anterior tibizw enlarged; disk of the pronotum gibbous; very 
similar to Stenobothrus sibiricus, Fisch. 

Vertex triangular in front, the carinate margins forming a right angle 
at the apex, scarcely expanding in front of the eyes, horizontal; lateral 
foveole distinct, linear. Face somewhat oblique; frontal costa rather 
broad, flat, not sulcate, and only very slightly indented at the ocellus, 
above which it is punctured, and below which it extends but a short dis- 
tance; lateral carine subdistinct, diverging. Antenne little longer 
than the head and thorax; club flat, ovate, commencing about the six- 
teenth or seventeenth joint. Pronotum of nearly uniform width through- 
out; the sides and disk gibbous, the swell of the sides being chiefly on 
the anterior portion of the middle lobes, the swell of the disk on the middle 
lobes, but is distinctly limited by the posterior transverse incision; the 
posterior incision cuts all the carine, but does not notch them; it is 
situated considerably behind the middle; the middle transverse incision | 
is somewhat distinct, but on the sides only; two punctures on the disk 
appear to represent the anterior transverse incision (in my unique 
specimen); the three carinw distinct minute, the lateral strongly curved 
inward near the middle, posterior extremity obtuse-angled. Elytra a 
little longer than the abdomen; narrow at the base and expanding a 

little more than usual in the middle; nervules of the costal margin dis- 
tant, parallel; nervules of the middle field somewhat distant, mostly 
transverse and scalariform. Wings about same length as the elytra. 
Posterior femora a little longer than the abdomen; anterior tibiae con- 
siderably enlarged; middle tibie of the usual form. Posterior part of 
the pronotum minutely tuberculate. 

Color (after immersion in aleohol).—Brown, shaded with black. Face 
' pale cinereous; cheeks mottled with fuscous; top of the head black, 

with a palish stripe along the middle of the occiput. Middle and ante- 
rior lobes of the pronotum dark-brown, with some paler markings on the 
sides; the posterior lobe, with the upper portion of the sides, including 

_ the lateral carinze and a middle stripe, dull rufous; the interspaces of 

5B 
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the disk and middle portion of the sides black. There is a paler irreg- 
ular stripe on the sides. Sides of the meso and metathorax black. 
Elytra brownish, semi-transparent; an indistinct rufous stripe along the 
interno-median nerve, most distinct near the base. All the legs pur- 
plish brown; the under side of the posterior femora yellowish. Venter 
and pectus yellowish. 
Dimensions.—Length, 0.70 inch; elytra, 0.50 inch; posterior femora, 

0.35 inch; posterior tibia, 0.35 inch. 
Named in honor of Lieut. W. L. Carpenter, who discovered it near 

the Mountain of the Holy Cross, in Colorado, at an elevation of 8,000 
to 10,000 feet above the sea. 
Remarks.—This species is exceedingly interesting, as showing the 

strong tendency of similar conditions to produce similar forms. The 
Stenobothrus (Gomphocerus ) sibiricus is a peculiar form occuring only in 
the higher mountains of Europe and extreme northern portions of Europe 
and Asia. Here we find the same abnormal characters (enlarged front 
tivize and gibbous pronotum) occurring under exactly similar conditions ; 
i. €., in the higher mountain-portions of Colorado in the vicinity of per- 
petual snow. 

Thrincus californicus, sp. nov. 

2. Small size, bright reddish-brown, with fuscous dots. Head very 
short, drawn back in the pronotum nearly to the eyes; occiput very short, 
a slight tubercle each side near the upper canthus of the eye. Vertex 
rather broad, but not transverse, very slightly deflexed, not expanded 
in front of the eyes; marginselevated, sharp, parallel between the eyes, 
meeting in a subacute angle in front; lateral foveole minute, triangular. 
Frontal costa narrow at the apex, expanding at the ocellus, but solid 
immediately above the ocellus margins carinate above the ocellus; 
lateral carine distinct, bending forward somewhat angularly opposite 
the antenne ; lower portion diverging toward the corners of the face. 

Pronotum short, expanding rapidly posteriorly, rugose, tuberculate ; 
median and lateral .carine indistinct except on the front part of the pos- 
terior lobe, and there they are obtuse; the transverse incisions are not 
distinguishable except the posterior one, and this only on the sides, 
where it forms an irregular tortuous indentation; a somewhat prominent 
and slightly elongate tubercle on the front margin immediately behind 
each eye; two somewhat prominent tubercles on the disk close together 
at the front margin of the posterior lobe; the disk of the posterior lobe, 
although flattened, is somewhat elevated, and covered with elongate 
tubercles ; posterior margin right-angled, rounded at the tip, mar- 
ginate. 

Elytra extend a short distance beyond the tip of the abdomen; rounded 
and curved upward at the extremity. Posterior femora short, not reach- 
ing the extremity of the abdomen, considerably inflated, and thick toward 
the base, but the upper and lower carinz not prominent; disk convex ; 
pinne prominent and minutely hairy. Antenneerather short, not reach- 
ing the extremity of the pronotum, not subacuminate (as shown by 
Fischer) but slightly flattened toward the apex, filiform. 

Color.—A bright reddish-brown, with but few fuscous dots and mark- 
ings as follows: Four or five spots along the disk of the elytra; a few 
smaller ones in the lower field; and two double short bands across the 
upper field. (Wings not spread, but appear to be yellowish at the base 
and fuscous at the apex). Posterior tibia greenish or pale-blue; tarsi 
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dull-white. The pectus, which is very broad, even slightly transverse, 
is an ashy-green. 

Male.—Is much smaller and differs otherwise as follows: More slender 
in its proportions; back of the head more elevated, and eyes more promi- 
nent; pronotum less rugose, and not expanding so rapidly posteriorly ; 
median and lateral carinz of the pronotum more distinct; color, especially 
of the pronotum and posterior femora, a darker brown. Anterior and 
middle tibiz twice distinctly banded with black. 

Dimensions.— °, Length to tip of elytra, 1 inch ; from tip of the vertex 
to tip of pronotum, 0.27 inch; width of thorax at middle legs, 0.28 inch ; 
elytra, 0.80 inch; posterior femora, 0.50 inch; posterior tibiz, 0.40 inch. 
8, Length to tip of elytra, 0.70 inch ; elytra, 0.56 inch ; posterior femora, 
0.30 inch. 

Collected in Southern California by Mr. Crotch, and obtained by me 
from the Museum of Comp. Zool., Cambridge, Mass. 

This very interesting species is the first, so far as Iam aware, that 
has been found in the United States belonging to this genus. 

Ommatolampis brevipennis, sp. DOV. 

Elytra and wings shorter than the abdomen, green; dorsum rufous or 
reddish-brown, and a black stripe on the sides of the pronotum. 

Female.—Tip of the vertex prominent in front of the eyes, diamond- 
shaped and slightly indented in the middle; eyes closely approximate 
above, prominent; face suboblique; frontal costa deeply sulcate through- 
out, reaching to the clypeus, parallel; lateral carinz subdistinct and 
nearly parallel. Pronotum subcylindrical, scarcely expanding pos- 
teriorly; sides nearly parallel; median carine subdistinct; lateral cari- 
ne obliterated; posterior transverse incision distinct, situated behind 
the middle, about two-thirds the distance from the front; apex obtuse- 
angled, rounded at the point. Hlytra and wings extend over about 
two-thirds of the abdomen. 

Color.—General color green, with the following markings: Fastigium, 
a central spot in the face, a stripe along the middle of the pronotum ; 
the dorsal portion of the elytra (closed) and a dorsal stripe on the abdo- 
men rufous; a narrow stripe along the external margin of the posterior 
femora, and the entire anterior and middle femora bright coral-red. A 
black stripe on each side of the pronotum extending back only to the pos- 
terior transverse sulcus; it is sometimes interrupted by a yellowish and 
reddish spot near the posterior end, and is usually bordered below by a 
narrow yellowish or orange stripe. Antenne bright rufous except the 
basal joint, which is green. Posterior tibiz green; spines same color, 
except the tips, which are black. 

Male.—Differs from the female only asfollows: Is smaller; the anterior 
and middle transverse incisions of the pronotum more distinct; elytra 
and wings nearly as long as the abdomen; subanal plate strongly curved 
upward and somewhat pointed at the apex. Prosternal spine in both 
sexes robust, somewhat conical. 

Dimensions.— ? , Length, 0.90 inch; elytra, 0.48 inch; posterior femora, 
0.52 inch; posterior tibiz, 0.48 inch. - ¢, Length, 0.70 inch; elytra, 0.37 
inch; posterior femora, 0.44 inch. 

Taken in New Jersey in August, and communicated to me from Pro- 
fessor Uhler, through Professor Glover. A specimen in Lieutenant 
Wheeler’s collection from Nevada resembles this somewhat closely; but 
as it is alcoholic, I cannot compare colors. 
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Caleoptenus fiavolineatus, sp. Nov. 

Male.—Similar in appearance to C. spretus ; ground-color yellow, with 
brownish markings, as in C. spretus; tibiz blue. 

Vertex rather narrow between the eyes, distinctly channeled, strongly 
deflexed ; frontal costa broad and flat between the antenne, fading and 
obliterated below; lateral carinze distinct and diverging to the corners 
of the face. Antenne of medium length. Hyes rather prominent, 
not docked in front. Pronotum comparatively short; median carine 
distinct on the posterior lobe, obliterated or indistinct on the other lobes; 
lateral carine subdistinct; the three transverse incisions very distinct, 
the third a little behind the middle, the first and second close together; 
posterior extremity obtusely rounded. Elytra and wings extend beyond 
the abdomen. Tip of the abdomen turned up but scarcely enlarged ; 
cerci rather short, somewhat broad at base, but near the extremity taper- 
ing suddenly to a tooth-like apex; subanal plate rather narrow and 
very slightly (if at all) notched at the tip. Posterior femora extend be- 
yond the abdomen; rather more than usually enlarged near the base. 
Prosternal spine robust and somewhat transverse. 

Color.—Antenne yellow; face orange-red ; mouth-parts and a stripe 
in front of and below the eyes, yellow; pronotum pale orange-brown, 
with a front marginal yellow line; a yellow stripe from the base of the 
wings to the base of the posterior legs. Abdomen same color as the 
pronotum, with yellowish rings on the margins of the segments. Pos- 
terior femora pale-yellow along the margins of the disk, on the lower 
carinz; under and internal surface reddish except the lower yellow 
carine ; external face with three irregular oblique dark bands ; pinne 
yellowish; knees black above. Posterior tibie blue; tarsi pale. Pectus 
and venter yellowish. 
Dimensions.— g, Length, 1 inch; elytra, 0.78 inch; posterior femora, 

0.58 inch; posterior, tibiz, 0.50 inch. 
Collected in Southern California by Mr. Crotch, and received from 

Museum of Comparative Zoology, Cambridge, Mass. 
This belongs to that section of the genus of which C0. fermur-rubrum 

may be considered the type, and is somewhat closely allied to C. spretus. 

Calopienus floridianus, sp. nov. 

Female.—Rather large size; dark grayish-brown, with a dark stripe 
each side. 

Vertex slightly and somewhat angularly expanded in front of the 
eyes; the channel broad and distinct. Frontal costa somewhat broad, 
solid above the ocellus, somewhat sulcate below it, expanding at the 
ocellus. Pronotum about as broad as the head and uniform in width 
throughout; median carina minute yet distinct; posterior suleus dis- 
tinct, situated much behind the middle. First and second transverse 
incisions indistinct and much nearer together than second and third; 
disk of anterior lobes nearly smooth; disk of the posterior lobe thickly 
punctured; apex rounded. Elytra nearly as long as the abdomen, nar- 
row and slightly lanceolate in form, with comparatively few transverse 
nervules. Wings about same length as elytra, rather narrow. Poste- 
rior femora extend to the tip of theabdomen. The corniculi of the ovi- 
positor very prominent and sharp-pointed ; the lower pair without any 
apparent lateral tooth or prominence. 

Color.—Aun olive-brown slightly mixed with gray. A broad stripe of 
shining black or very dark-brown extends from the eyes along the sides 
of the head and pronotum to the posterior extremity of the latter; below 
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this stripe the pronotum is grayish or dull-white, somewhat mottled. 
Hlytra almost uniformly olive-brown, without any distinct spots, though 
some dim dots of black are sometimes visible along the disk. Wings 
transparent, tinged with greenish-yellow. Abdomen a shining brown; 
valves of the ovipositor dull-white. Posterior femora with the under 
edge and inner face dull-yellowish, with an indistinct greenish-brown 
band near the knee; upper carine bluish or greenish; posterior tibix 
dark-blue; tarsi blue. 

Dimensions.— ?, length, 1.50 inches; elytra, 0.95 inch; posterior fe- 
mora, 0.87 inch; posterior tibiz, 0.77 inch. 

Add.—tLateral carine of the face distinct, slightly divergent; frontal 
- costa reaches the elypeus. Antenne a litile longer than the head and 
thorax ; joints subdistinct. Pronotum rather longer than usual. 

Florida. Received from the Agricultural Department. Specimen 
quite fresh in color. 

Caloptenus keelervi, sp. nov. 

Vertex quite narrow between the eyes, slightly and somewhat hexa- 
gonally expanding in front. Frontal costal moderately broad and of 
nearly uniform width throughout, slightly indented at the ocellus, other- 
wise in no way suleate, fading or becoming obsolete before reaching the 
clypeus; lateral, carine diverging toward the corners of the face. 
The pronotum regularly but very slightly expanding posteriorly, the 
front being just the same width as the head; the median carina minute 
but distinct throughout; the three transverse incisions moderately dis- 
tinct, the, posterior one a little behind the middle; the posterior ex- 
tremity forms nearly a right angle, rounded atthe apex. Hlytra passing 
the abdomen, somewhat narrow and elongate-lanceolate, the lower (cos- 
tal) margin not dilated at any point. Wings nearly the same length as 
the elytra. Posterior femora passing the abdomen. Antenne a little 
longer than the head and thorax. The prosternal spine robust, sub- 
cylindrical, slightly bent backward, obliquely truncate at the apex, 
shghtly transverse. 

Color.—Brown, varied with purplish red. Face, disk of the prono- 
tum, and upper edges of all the femora purplish-red. The black stripe 
behind the eye broad and indistinct, the lower edge not well defined, 
reaching only to the posterior suleus of the pronotum. An oblique, 
pale, narrow stripe extends from the base of the elytra to the insertion 
of the posterior legs. Elytra brownish, with minute fuscous dots and 
somewhat cellular spots along the disk; these spots and dots are some- 
what indistinct and run together. Wings transparent, tinged with yel- 
low. Posterior femora with two oblique black bands on the exterior 
face, and two transverse bands; a basal and apical spot of black on the 
inner face; the lower margin of the internal face olive or olive-red. 
Posterior tibiabrick-red; base yellowish, with a black ring just below it. 

Dimensions.— 2, Length, 1.12 inches; elytra, 0.88 inch; posterior 
femora, 0.70 inch; posterior tibia, 0.63 inch. 

Collected in Florida by Mr. Keeler, and by him forwarded to the Ag- 
riculiural Department, where they are now deposited. Although the 
description would seem to indicate that this species is very closely allied 
to the common C. femur-rubrum, yet this is not the case, as it is quite 
distinct. 

Xiphocera pygmea. Sauss., Rev. et Mag. Zool., XIII (1861), 156. 

Female.—Occiput subtricarinate ; these carine minute. Vertex hor- 
izontal, advanced in front equal to the space behind the eyes; sides for 
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a little distance parallel, then rounding to the somewhat pointed ADEX ; 
margins raised, subacute; on the inner surface two short minute carine. 
Face somewhat oblique, curved inward opposite the lower margin of the 
eyes; frontal costa prominent and projecting above the ocellus, deeply 
sulcate throughout, forming two caring, subparallel, except at the ocellus, 
where they suddenly approximate each other; lateral carinz distinct, 
subparallel. 
Antenne rather short, scarcely reaching the tip of the pronotum, ensi- 

form, and subtriquetrous. The eyes are somewhat inflated, but less so 
than in the male. Pronotum with the sides parallel except near the 
posterior extremity, where they are slightly divergent, granulose, and 
somewhat rugose; median carinaslight; lateral carin indistinct, almost 
obliterated; posterior transverse sulcus subdistinct, situate behind the 
middle; posterior extremity obtusely rounded. Elytra a little longer 
than the abdomen; wings about the same length. The posterior femora 
do not reach the extremity of the abdomen; legs pilose; there is very 
little difference in the length of the outer and inner rows of the spines 
of the posterior tibie. 

Color.—General color brown, with dim fuscous dots. Inside of the 
posterior femora bright coral-red; posterior tibie red; spines tipped 
with black. 

Male.—Similar to the female except as follows: It is smaller. Eyes 
large, much inflated, and approximate above; antenne slender and 
but slightly enlarged at the base; occiput and disk of the pronotum 
occupied by a broad, double, dull-yellow stripe; a broad stripe of the 
same color along the lower part of the sides of the pronotum; posterior 
femora indistinctly trifasciate with fuscous; face a little more oblique. 
Dimensions.— 2 , Length, 0.94 inch; elytra, 0.61 inch; posterior femora, 

0.45 inch ; posterior tibiz, 0.39 inch. 6, Length, 0.61 inch; elytra, 0.56 
inch. 
Remark.—This species belongs to the second division of this genus as 

given by Saussure, and agrees with the second division of Xiphicer a as 
given by Serville, except that the cerci are short and not curved. 
Specimens were received of Mr. Scudder; they were collected by Sumi- 

chrast in Mexico. 
I have given the description in full, as that of Saussure is so brief as 

to render it difficult to determine specimens not in color. 

Macherocera sumichrasti, sp. nov. 

Vertex slightly deflexed, broadly channeled; the channel apparently 
connecting with the narrow sulcus of the frofital costa; portion in front 
of the eyes about equal in length to that behind them, ovate-lanceolate 
in form; margins elevated, acute. Face moderately oblique, indented 
opposite the lower margin of the eyes, resembling AXvphocera in this 
respect; quadricarinate, the median pair close together above, regu- 
larly diverging below, reaching the clypeus; lateral carinz distinct, 
diverging to the corners of the face. Hyes prominent, slightly inflated, 
ovoid. Antenne elongate, reaching beyond the tip of the pronotum, 
slender, somewhat ensiform, flattened. Pronotum somewhat compressed 
on the sides, which are nearly parallel, diverging slightly at the posterior 
extremity ; disk slightly arched transversely ; median carina distinct, 
but not elevated; lateral carinz obtuse and irregular on the front lobes 
in the form of obtuse ridges, converging posteriorly and becoming obso- 
lete at the posterior sulcus, while on the posterior lobe, as they extend 
forward, they descend obliquely upon the sides as obtuse ridges, thus 
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showing two obtuse carinz on each side directed forward and obliquely 
downward; the three transverse incisions subdistinct, each severing 
the median carina; the anterior lower angle of each side is distinetly 
and squarely notched ; posterior margin obtuse-angled; entire surface 
granulose. Hlytra and wings extend beyond the extremity of the abdo- 
men, (the abdomen of my only specimen is much shriveled). 

Coior (dried).—A most uniform brown; some dim fuscous dots on the 
elytra; femora pale externally, black internally, with yellow bands ; 
posterior tibe pale (probably rufous when living), with a broad dusky 
ring near the base. Wings (not spread) fuscous at the apex. 

Dimensions.— 9 , Length to tip of elytra, 1.35 inches; elytra, 1.06 inches; 
posterior femora, 0.63 inch.; posterior tibic, 0.54 inch. 
Remark.—In the form of the head and antenne this resembles Xipho- 

cera, but its general appearance is that of Givdipoda, especially the male 
of GH. carolina. 

Specimen received of Mr. Scudder, collected by Sumichrast in Mexico. 

Acanthacara acuta, Seudd. 
The top of the head to the tip of the vertex is nearly honzontale tip 

of the vertex mucronate; the point of the spine bent downward ; the un- 
der side of the cone is separated from the face by a deep upward notch, 
and has a short spine on this part pointing downward. Face very ob- 
lique, smooth, transversely convex. Maxillary palpi nearly twice as long 
as the labial; antipenultimate and final joints nearly equal in length and 
about one-third longer than the penultimate, terminal joints of all the 
palpi enlarged at the apex. Pronotum cylindrical, a little longer than 
the head, nearly straight on the dorsum; sides nearly parallel, sub- 
truncate in front, squarely truncate behind, without carime; surface 
somewhat rugose. Mesonotum and metanotum similar to the abdominal 
segments. 
Abdomen sub-cylindrical, about equal in width to the pronotum, contin- 

uing this width to the sixth segment, where it begins rapidly to decrease. 
Ovipositor somewhat broad at the’ base, tapering , curving moderately 
upward toward the extremity ; apex pointed ; about as long as the abdo- 
men. Posterior femora rather short, not extendin g beyond the tip of the 
abdomen, about equal in length to the ovipositor; minutely dentate be- 
low on both the inner and outer margin. Antenne about as long as the 
body, exclusive, of the ovipositor. Prosternum furnished with two rather 
long, slender, pointed spines. Posterior lateral margins of the meso- and 
metasternum elevated into sharp curved ridges. 

Color.—Pale yellowish-brown, with a single broad fuscous stripe ex- 
tending along the middle of the dorsum from the vertex to the extremity 
of the abdomen. Face, sides of the head, and prontum, and the femora 
a honey-yellow. The upper and lower spines of the cone of the head 
black; a narrow ring round the base of the antenne and a half-ring 
around the inner side of the basal dos black. The lower margin of the 
face (clypeus and mandibles) black ; labrum white; palpi whitish. An- 
tennee with alternate rings of brown and white. The little globular 
(mouse-like) eyes dark-brown. Ovipositor yellowish-brown, pale at base, 
darker at the tip. 

Dimensions.— 9 , Length from tip of vertex to extremity of the abdomen, 
1.62 inches; from tip of vertex to tip of ovipositor, 2.26 inches; prono- 
tum, 0.37 inch.; posterior, 0.77 inch.; ovipositor, 9.64 inch. 



NOTES ON THE ROCKY MOUNTAIN RANGES IN COL- 
ORADO TERRITORY. 

The Cordilleras of North America—the mountain-system of its west- 
ern coast—are one with the Cordilleras of the southern continent, in 
having their general axis, a prolongation of the Andes, both as respects 
direction and actual topographical connection by the ranges and pla- 
teaus of Central America; while the fact that both are due to a common 
cause is Shown by their bearing the same relations to the great basin or 
the Pacific Ocean, whose subsidence is undoubtedly connected with their 
origin. 

The Cordilleras of North America consist of several chains and many 
ranges and table-lands, forming a system, because they are but the features 
and minor dependencies of one great general uplift of Western America— 
an elongated plateau upon whose face they are arranged in lines parallel 
with the axis or along the western side. 

The two leading mountain-chains of the plateau are the chain of the 
Sierra Nevada and Cascade ranges and the chain of the Rocky Moun- 
tains; one standing directly upon its western edge; the other, the 
Rocky Mountain chain, forming the true crest of the great continental 
wave of upheaval, which, taken as a whole, is the Cordillera system. 
Between these chains, and even outside of them, are lesser chains, 
groups, and ranges. 

The system has its greatest expansion between the thirty-sixth and 
forty-first parallels, where the breadth is about 1,350 miles, including the 
Coast ranges on the Pacific shores and theeastern slope of the plateau that 
descends from the foot of the Rocky Mountains to the proper basin of 
the Missouri, about 150 miles west of that river. The mountains alone are 
about 950 miles broad. This measurement is perpendicular to the general 
axis of this part of the system, whose direction may be taken at about 
north 15° to 20° west. 

As this is the region of greatest breadth of the Northern Cordilleras, 
it is also the zone of greatest elevation, containing the highest peaks in 
the United States and the larger part of the area above 12,000 feet. The 
most powerful force of upheaval seems to have acted across the system 
in a belt 300 miles broad, whose central line runs west-southwest from 
Denver, Colo., to Monterey, 100 miles south of San Francisco. In 
crossing California it includes the highest parts of the Sierra Nevada, 
the Mount Whitney cluster of peaks, and those near the Yosemite; in 
Utah the highest parts of the Wasatch chain; while in Colorado the 
eastern end of the belt crosses the great meridional chain of the Rocky 
Mountains. In this Territory, therefore, we have the grandest uplifts of 
the chain. 

Approaching Colorado from the east, rising gradually up 500 miles 
of monotonous plain, the mind is well prepared for the sensation that 
awaits one on reaching Denver. The South Platte River here flows 
nearly north. Denver, situated on its eastern bank, slopes toward the 
mountains. 
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Standing on the highest terrace of the city, one looks westward over 
its busy streets and crowded houses, and the green valley of the river, 
to the foot-hills twelve miles away, the beginning of the first range of 
the Rocky Mountains; then up at once 9,000 feet over 25 miles of rocky 
and pine-clad slopes and summits, to the great crest-peaks above all 
timber, shining, if it be early summer, with fields of snow, and stretch- 
ing out far to the north and south, a procession of sharp, bright peaks 
130 miles long. 

This is the most easternof the grand meridional ranges which together 
make up the Rocky Chain. The abruptness with which it rises from the 
plains—9,000 feet in 20 to 25 miles—the great length and height of itsser- 
rated crest, overlooking the sea of prairie for 200 miles, make it one of 
the most imposing mountain-facades in the world, a magnificent front to 
the Rocky Mountains. Being unnamed, we have called it the Front or 
Colorado range. Ascending this first ridge to one of its highest sum- 
mits, Gray’s Peak, still looking westward, it is at once evident that the 
great mountain-wave, whose face is so impressive from the plain, is but 
one of a number of parallel upheavals, with snow-capped crests, 20 to 30 
miles apart. Between these ranges are great depressed troughs, some- 
times developed as longitudinal river-valleys in the chain; sometimes 
cut by cross-ranges of lower elevation into basins known as “parks.” 
The general depression west of the Front Range is divided into the 
South, the Middle, the North, and the North Platte Parks. Severalsub- 
ranges, or minor upheavals, run north-northwest across the Middle 
Park. The South contains a number of very low ridges, while the North 
Park is in general a plain. 

From Gray’s Peak one looks across this trough of the ‘“ park” basins 
at the Park Range, so called, because it is the western wall of all 
the great “parks” stretching along them for 240 miles. Many paris 
of this range are capped with clusters of snowy peaks; the Mount Lin- 
coln group, the best known, and the Blue River group, are the most 
remarkable. 
Beyond this range only twenty miles west is the most elevated of all 

the upheavals, the Sawatch Range, set with a whole line of 14,000 ft. 
peaks. The deep valley between it and the Park range is oceupied by 
the Eagle River, running north in deep caions, and the Arkansas, flow- 
ing south through valleys. Wherethe Arkansas turns eastward across 
the chain, the Park range ends, and only twelve miles off to the south- 
west commences the Sangre de Christo range, whose lofty and sharp 
summits are everywhere visible from the plains of Southern Colorado. 
Its southern extension is not yet determined. Between the Sangre de 
Christo and the Sawatch isa long plain, known. as the San Luis Valley. 
West of the Sawatch Range, in the latitude of the South Park, are sev- 

eral short but very elevated northwesterly lines of upheaval, so crowded 
together as to form a group known as the Elk Mountains. It covers 
the region between the Grand and Gunnison Rivers. North of the Grand 
River, between it and the White, is a very high escarped plateau, sepa- 
rated from the Park Range by along depression, the northern extension 
of that of the Eagle and Arkansas Rivers. 
From these, the most elevated features of the Rocky Chain, high 

table-lands slope west to the great basin of Green River, which, in a suc- 
cession of remarkable plateaus, extends from the mouth of the San 
Juan River 400 miles northward, its western side bounded by the 
Wasatch chain of mountains. 
We see, therefore, that in crossing the Rocky Chain in Colorado from 

the plains westward, one generally finds in the first one hundred miles, 
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two or three long, prominent, well-defined ranges, with intervening 
depressions, bearing from north to north 25° to west; then, in the next 
seventy-five miles, shorter ranges and very elev: ated groups of moun- 
tains and tables, which fall off to the Green River basin. 

The chain may be considered at from one hundred and seventy-five 
to two hundred miles broad. 

Several cross-elevations connect the great ranges, and turn the conti- 
nental divide or water-shed from one to another. 

The Front or Colorado Range, beginning about twenty-five miles south 
of Pike’s Peak, in latitude 380 30’, longitude 105°, runs north 35° west 
ninety miles to ‘the Mount Evans and Gray’s Peak’ group, thence north- 
ward fitty miles to Long’s Peak, and fifty miles farther to the Laramie 
Plains. Between Pike’s Peak and Mount Evans the range is depressed 
and divided longitudinally, and the South Platte River cuts it. It has 
six peaks of the first order, that is, about 14,000 feet high. The south- 
ern end of the Medicine Bow is spliced onto the north end of the Front 
Range, overlapping it on the west side as far south as Long’s Peak, where 
the well-defined dividing depression disappears. The North Park and 
the North Platte Park lie west of the Medicine Bow, between it and 
the Park range; while the South and Middle Parks lie between the 
Front and Park ranges. 

The Park Range commences in latitude 38° 35’, longitude 105° 53/; runs 
north 25° west ‘thirty miles to Buffalo Peak, thence north twenty-five 
miles to the Mount Lincoln group; then north 20° west to Mount Pow- 
ell in the Blue River group. Here it loses its serrated crest, and 
falls off to an elevation of about 2,000 feet above the Middle Park; con- 
tinuing north 17° west, with low, even outline (except at Rabbit- Bar's 
Peak) about sixty miles; when it again risesinto groups of lotty rugged 
peaks overlooking the North and North Platte Parks at its eastern foot. 
The range is cut in one place by the Grand River passing through in a 
narrow canon. It has only four peaks of the first order, all in the Mount 
Lincoln group; but a large number eae are about 15,000 feet high. Its 
southern end is separated from the Sangre de Christo Range by the 
depression of the Arkansas Valley. 

The axis of the Sangre de Christo is not a continuation of that of the 
Park Range, but lies parallel with it, and about twelve miles off to the 
southwest. Commencing in latitude 38° 26’, longitude 106, it runs south 
30° east, in a continuous line of high sharp. peaks, forming the eastern 
rim of the San Luis Valley. Between it and the plains on ‘the east lies 
the well-defined, parallel, but lower Wet Mountain Range. Commencing 
in latitude 38° 22/, longitude 105° 20’, it runs south 30° east, with 
rounded outlines, for forty-five miles. The depression between it and 
the Sangre de Christo Range is the Wet Mountain Valley and the 
Huerfano Park. 
West of the San Luis, Arkansas, and Eagle River Valleys is the Sa- 

watch Range, ending at the north in the Holy Cross group, whose granite 
peaks burst abruptly through the surrounding sheets ‘of sandstone. From 
this point, latitude 39° 30/, longitude 106° 33/, it extends south 20° east, 
a lofty precipitous range, having sixty to eighty miles of its crest ele- 
vated to 13,000 feet and set with many of the 14,000 ft. class. This high- 
est part of the ra nge rises directly from the Arkansas Valley 6,000 feet, 
in a distance of six miles. ‘ 

On the west side of the Sawatch the depression parallel with it is 
drained to the south by Taylor’s Fork of the Gunnison, and to the north 
by the Roaring Fork of the Grand River. 

West of these valleys, and connected with the Sawatch by a high 
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cross-ridge, is the Snow-Mass Range of the Elk Mountain group. Begin- 
ning in latitude 39° 15’, longitude 107° 10’ near Sopris Peak, it runs 
south 45° east 50 miles. In the first thirty miles are five 14,000 ft. 
peaks. There are parallel, trough-like depressions on either side of 
this range throughout its entire length—the Roaring and Taylor’s Fork 
Valleys on the east, and those of Rock Creek and Hast River on the 
west. 

The western part of the Elk Mountain group has not been surveyed, 
nor the southern part of the Sangre De Christo and Sawatch ranges. 

These are but notes on a mountain-region, in many respects the most 
interesting in America, which is at present the field of operations of this 
Survey. 

Several permanent barometric stations, at high altitudes, have been 
established; one at 14,000 feet on Mount Lincoln, and one at Fairplay 
nearly 10,000 feet, and one at Caiion City about 5,000 feet above the sea; 
while the United States Signal-Service has in this Territory one station 
at 5,000 feet, one at 6,000 feet, and one at 14,000 feet on Pike’s Peak. 
These are connected by spirit-level lines with the sea, and make, there- 
fore, admirable bases for the hypsometrical survey of the region, which 
we are carrying on by mercurial barometer, trigonometric work, and ane- 
roid observations on minor stations. The important points are measured 
with one or more mercurial barometers made by James Green. 

The geological and topographical surveys were extended during the 
summer of 1873 over about 21,000 square miles. These surveys are 
based on a system of large primary and smaller secondary triangles 
expanded from measured bases, the whole resting upon four points along 
the foot of the mountains, Sherman, Denver, Colorado Springs, and 
Trinidad, whose latitudes and longitudes have been carefully determined 
for us by the United States Coast Survey. The positions of the trigo- 
nometric stations on the peaks have been deduced from these. 

The maps of these mountains, now in progress, are on a scale of two 
miles to one inch, and drawn in horizontal contour-lines 200 feet apart. 

In the following tables are given the approximate heights and geo- 
graphical positions of some of the principal peaks of the mountain-ranges 
and points in the valleys of the region surveyed last summer. The final 
results of our computations will be published in the Annual Report of 
the Survey. 

JAMES T. GARDNER. 

Approximate elevations and geographical positions of prominent points. 

ad 
So 
so 

Location. Latitude. Longitude. Ss ® 
LS) 

AG 

ON THE PLAINS AT THE BASTERN FOOT OF THE 
MOUNTAINS. 

fo) ”) W/ fo) / I Feet. 

IDE IK IPG ley Ie IDE ONOU Sooo se cond seoebo coos 39 45 0.67 | 104 59 23. 40 5, 084 
IDerinrvrGir Wh, So SI SOR VOe lneiKOMNENEe., c5b5 ecooculbeakea sede eecellsscaee Socal saee 5, 1382 
Colorado Springs, D. & R. G. R. R. depot.-...| 3850 0.28 | 104 49 7.65 5, 872 
EAU I Oe seere ee ciate Se Seager open Diy ne CTY PAN ol aS ie Toe Sea NR A 4, 600 
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Approximate elevations, dc.—Continued. 

OS 

Location. Latitude. Longitude. Eo 
eS 

IN THE FRONT OR COLORADO RANGE. 
(o} / M1 (e) / Vf Feet. 

UME) eee) ea eae Aaa BAERS SH Abou Saue Recs 45 15 19 105 36 37 14, 150 
IMroumit iA Os, )22)).) .S4/oe ee Bai eee bevatemer lise ce eee ess cic roll te eeteee ern aes 13, 172 
MOU MG ATT vic best os Sere tess ah oie aera eee amelred eters [ee mies cule Sell Seine arene Moras 13, 212 
Arapahoe Peale 0.25.2 Jose cen cece e ere 40 113 105 38 39 13, 412 
AUNT OSI! 212 Oa eens 8 Jeet Ay ss ieee teas le eee ree 39 51 10 105 41 9 13, 262 
EROTLSY Sneaks 2 ee ooh ede eee mee eae 39 38 37 105 49 0 14, 249 
Gur ay 8 NEG ai kee you ke ieee tae ere eres yt Satara See 39 38 «+5 105 48 46 14, 254 
Moumte vic Clelianm @ears Gray7s) eeiee ee eeaecee ee see eee eeren ee eee ene eee 13, 332 
UU CHIE) Epona cer el St PANE ee ee ea are OD 39 40 34 105 31 7 11, 716 
Mout sEiians ty epee ae ee ees cape ety ce ee a ay) se) Pl 105 38 20 14, 270 
Teg WORDT al aC OFS ULE oye ean ee RE Se 39 35 20 105 a9 @ 14, 260 
PlattevMoumbannne sees. Rates, ya Lee 39) 15) 0 105 6 0 9, 201 
Plateau morthvot da thenee sce es oe eisai Sere el Oe eere ieee ai | ates cepa ees 8, 041 
Plate auEsoublano tel at ter: poe crch sec sere eet syeiay ae | tee ere emer ete oa ayaa ree ree 8, 525 
Aasevallll Wiomnupiins .6d4e5 ook okb cobs uedsoueeoee 39 14 0 105 30 0 12, 354 
2 RIDES) ELBE egypt gs ee eS ct A A a 38 50 26 LOS) 2522 13, 985 
GIVE T OS OTe oe ee ee Ras IHS [Let ee T ae ee es at i 11, 408 
@heyennresMountainss = 25 oS aes es elee o eee al peeiciee setae oe less steeeeeereaae 9, 896 

IN THE CROSS RANGE, BETWEEN MIDDLE AND 
NORTH PARKS, 

arkeutewa Mountain ieee see nenenineeese eee eer 40 19 51 103 2 Bilez 12, 252 

IN THE MIDDLE PARK SUB-RANGE. 

MOUMtNB yore ene acca cement ge meme 39 51 55 105 56 33 12, 776 
(WitewRealsep cee <0 eee ceter ces ae Bysteeate cries eel apy sens Mee pai oe al | at tera vr rae 11, 866 

IN THE MIDDLE PARK. 

At) thepEL Ot Sp LIN Gs) cas seers selec seer aces = aon |Caoaeeserrenceie si | sereeieneemeiseee 7, 660 
(Carajaal beilteer (laveeiali onan tials) Sen smce sal ooedosos| Cesena ocsooad||seccdascasocsc 8, 000 
Junchionvof BiluerandiGrandukynverseeeeeeoeeee lee cceee seeeees tee eeeeee eee 7, 060 

IN THE CROSS RANGE, BETWEEN MIDDLE AND 
SOUTH PARKS. 

Vio tara Gy ty OG tere eet mcd ee ie See x yen) et 39 28 0 105 56 0O 13, 452 
MounbiSiliver-Heelstee ss. serie enone cneeeeene 39 20 0 106 0 0 13, 794 

IN THE PARK RANGE. 

Mommtye ones aus hace ssusee cieves se weet ee 39 45 40 106 20 8 13, 282 
Quandary Mountainwese == sere seeericcee cect 39 24 0 106 6 O 14, 047 
Ouray; INO OhN ose eekse .gsessoacnsseeeess 19) 2hl fs} 106 6 25 14, 183 
Backskan Mountains see etre eee eee oe 39 20 0 106 8 0 13, 951 
SSG et ET Ora DPS eos is Se RG ea Ee cyt 39 14 0 106 10 0 14, 055 
iHlorse-Shoe Mountain’ 0-9-2 oe. sense en ee 39 12 0 106 10 0 13, 780 
PES nite Oy salle ESR a ya ee aia are aa 38 59 0 106 7 O 13, 482 

IN THE WET MOUNTAIN RANGE. 

GreenhormyMountainess sees s: sects seen 37 52 52 105 0 33 12, 117 

IN THE SANGRE DE CHRISTO RANGE. 

Negumijaigeniee se eon rd 3823 0 | 105 56 29 12, 333 
Mountititoralitocee. eee -fcee see eee eeenlese als. 7 105 45 7 12, 876 
ChristomewBeake eas -.4- ee ose eee esacce|| Be He 1 105 34 43 14, 120 
eerrm@m,1G.oe56G5c00cddce 6S eels twee ae 37 48 0 105 39 0 13, 425 
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Approximate elevations, &e.—Continued. 

ac 
So & 
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Location. Latitude. Longitude. e os) 
26 
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IN THE SOUTH PARK. 
Cw) i fe) Ae Feet, 

ldbibe OE iieona Meee secs cadee cmadecles Csee aoteee 39 25 31 106 19 0 9, 854 
Sata OF Sia aes eae eee cerns sis Ser eee mle ce cemore 38 57 «(0 105 56 0 8, 800 
Headlor the Platte @anony sss + 4-6 ocele-eise 38 54 0 105 27 0 8, 050 

IN THE SAWATCH RANGE. 

Holy Cross Mountain ...-.-.....-.-.----.-... 39 28 4 106 28 37 13, 540 
Massivem Mo umibaimersscs i=) sceryereieciee ceiacree sesie 39 11 0 106 28 0 14, 213 
MouminEllberthes ose 2s cre ics, cisicie sists coe erie srereinaiay= ae) 7 106 26 0 14, 222 
lbp 1a Wikowimmiin Goa sos seh escuasoocuveoees ay 2 106 28 0 14, 188 
Guizaly Peake sccnos ose se Bs a Ag een A a) 2 106 36 0 13, 848 
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Simiaonl WL ce ebocSame eres ee eee sock ena tease 38 49 20 106 22 30 12, 981 
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Wiowins IABhOO ihe toa aeeaoa ceca belces meee cose 38 44 59 106 14 18 14, 057 
SFA OMN SSE ore hee ees nee a RUA oe en iesae 38 41 11 106 37 4 13, 049 
MIOmiTh (OUP pots poce oso eSHiosee BeaaUeEOoBeeal: iceec aie! 106 13 16 13, 930 
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Siaoromyd pews vee as Seay Ls a eee SOMO EST 106 18 0 13, 584 
POMP AE TOTO se seperate anna che seems ace 38 40 35 106 14 30 14, 132 

ON THE ARKANSAS RIVER. 

Tennessee Pass, (head of river).--...------..- 39 21 0 106 20 0 10, 223 
Twin Lakes, (foot of lower lake)..........-..| 39 4 0 106 19 0 9, 219 
Near mouth of Chalk Creek... --...2..2----.- 38 45 0 106 04 0 7, 901 

IN THE ELK MOUNTAIN GROUP, SNOW-MASS 

RANGE. 

Soprise Reale toc s aos — rrr a ose dal), BOI 54 107 09 50 12, 308 
Blakey mani diese lee hace ale saeeape 39 9 0 107 04 40 13, 884 
Snowe Vass) Mountain eee nee eee ne seeeeee 39 7 12 107 03 44 13, 853 
Wieheoor WOunaeMINe so oado s5oc ooeG coSUns eeseos 39 4 30 106 59 20 13; 692 
GO SUR ind yy ca eg ae ae Re ee pM eA MR eit Peter Dy ai AOU © heme Ate trey ae" Pee cae Bean De 13, 699 
GAS hlewe aikesaee! iy Sates CL aN ee CUE 39 0 30 106 38 40 13, 995 
ialliemmpbe aiken wisi Wi oh ae i a a Oe Soma 106 45 0 13, 101 
Vai lon) Iavoelic MiOwaniehbay 6 oye oa6 osoneS boeeoa ooee 38 58 30 106 55 10 13, 517 

Ee OC A Grieney Soo ae yee ze REL Ae ay Oe ew 38 57 40 106 53 0 12, 944 
GothrewMioum tains. ome ey enc eee 38 57 30 107 00 30 12, 378 
GrestedRB atthe ce cece e c tno. coe aha 38 53° 0 106 56 20 11, 903 

Wncompaltere! Peay. 0 5.2 sess dae stee sonics 38 4 25 107 27 30 14, 540 
Soa blomeasse vere meee easy aah Oe) Sie, SAU ee 38 1 30 106 55 15 13, 783 
Sibartiomed Ae see ae os BS NUR) kL 38 16 28 106 51 49 12, 150 

IN SAN LUIS VALLEY. 

8. E. corner of township 44, N. R. 8E. meridian 
and base of New, Mexico ..-252-..-52.5.-4-- 38 01 28 106 1 16 
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vertebre, and that the dorsal fin commences about an inch behind the 
line of the posterior border of the cranium. It also exhibits the strong 
sculpture of the surfaces of the latter to consist of narrow inosculating 
ridges, inclosing larger and smaller pit-areas. 

The specimen exhibits this sculpture to be very marked on the oper- 
cular, suborbital, parietal, frontal, and sublingual bones, the only ones 
where it displays the surface. The branchiostegal radii number twelve. 
the upper large and wide. The subopercular is turned up anteriorly as 
in A. calva, and is thickened on the border of the suture with the inter- 
operculum. The sublingual bone has much the form of that of A. calva, 
but is rather wider and there more abruptly contracted than in a speci- 
men of the latter before me. The orbit is smaller relatively than in A. 
calva. 

It is uncertain whether this and the preceding species possessed the 
dentition of Amia or Pappichthys, Cope, as the mandibular bone is par- 
tially broken away on the inner side. Some of the teeth are of small 
size and abruptly contracted near the apex, so they may belong to the 
inner row of the true Amia, which is wanting in Pappichthys. 

The fourth specimen displays the ventral fins and the characteristic 
femoral supports. The fins originate about an inch behind the line of 
origin of the dorsal fin in a specimen of 0™.055 depth of body. The 
scales exhibit also the dermal margin with truncate posterior outline 
seen in the existing species; this character is chiefly seen on the abdomi- 
nal surfaces. There are thirty-five vertebre between vertical lines 
drawn from the beginning of the dorsal fin and end of the basis of the 
anal fin; and thirty-two dorsal radii in the same interval; anal radii, 
nine; ventrals, six. 

Measurements. 
" M. 

Wepth of body toyvertebras (Now l)o 2222 o.oo. ee nin cee ie ene wine 0.045 
Length of four dorsal vertebrae (No. 1).-.----.-------------------- io Se}eetsiseeiters .019 
Depth of one dorsal vertebra (No. 1).----- ------.----------------------------- 010 
Length of head to free border of operculum (No. 2)..----.--..------------------- 124 
ID gala Gr CPeWEMIGN 55 besa SoosoeaoseSo nod bas te co heneoy ag osn5 sae ocoaee cacs 032 
dene thyorphe ad womavertexs Se soe setts self eara)at elattem olsen. -fem seia ies tere ates 
Length from end of muzzle to orbit..-.....-.-.----.-- ---- ---------2-- ------ ---- 032 
Wemoulorponite seas to ae eters mcs Setcenctte Aaere wimele(sey> EIS ov ete ak Ate te ee 

AMYZON PANDATUM, sp. nov.—Form very stout ; the body deeper in 
relation to its length than in the known species of Amyzon: greatest 
depth just in front of dorsal-fin, and two-fifths the length to basis of 
caudal. Length of head one-third the latter. Spines of premaxillary 
causing a protuberance above the end of the muzzle, as in many existing 
Catostomi. Mouth slightly inferior; end of muzzle obliquely truncate 
in profile. Dorsal fin elongate elevated in front; radii mostly short; 
caudal openly emarginate; anal not very elongate in either direction ; 
ventrals below first rays of the dorsal. Radii, D., III, 31; A., II, 11. 

Seales, = with concentric and radiating lines weli developed. Ver- 

tebrae, 6, 17, 10. 
Measurements. 

M. 

Motalelemort ifs sv ieiceror ce clare Cte raide ole laicia s\n lols statatatareeteraia(a\ctajeie ays se =e pe eee ene eee ta 0.112 
IL GGA WO [SNS OF CACHE Casa 4 sono saeeeoobooad aes soubepebod cocnod secs ecsseS .093 
mens thatosbasisronanali(axiall)s cae cc cre! c\ ele sisheicterse cite ee eacie: «cinta sleet einee creeterere 071 
Length to basis of ventral (axial) ...--.-. SS Sis fatat Uae Dlepneatete mete oc, Ste aia vaya eee Rae che ee 041 
Dep thvorcaudalipedun cle: Sa oerryerm re ajciaae alersio siete steeeiayets fasta le aye eaeterere tenet er alee .015 
iD epi hvormantentoranalynayse ssc ene eee seein siecle eels eieeeise cr -- 022 
IDR. ens OCC oell CHES o das ceasoasa6o canaes 5000s Booaoe noed Odes Gabo UdScs0 Ga00 ce -030 
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In another rather larger specimen, which agrees with that above 
described, the lateral line is well preserved. 
From the South Park, Colorado. 

AMYZON FUSIFORME, sp. nov.—Represented by a very small fish, which 
exhibits fully ossified bones, but may be immature. It exhibits characters 
quite distinctive, although the caudal peduncle, anal fin, and opposite 
parts of dorsal are wanting. The head is very perfectly preserved, and 
is of a regularly short-conic form, with equal lips. The attenuated muz- 
zle shows none of the obtuseness characteristic of the other Amyzons. 
Another peculiarity is seen in the ventral fins, which stand below the 
eighth instead of the first articulated ray. They are evidently in their 
normal position, and the ribs are undisturbed. The pectorals extend 
more than half-way to the ventrals. There are seven neural spines in 
front of the first interneural, and sixteen between the latter and the first 
interhemal. In this, as in the other species, the postelavicle is rather 
elongate and acute, and\the parapophysial element of the anterior ver- 
tebral mass extends as far down as the line of the middle of the orbit. 

Measurements. 

i M 

HMemeagimOimne ne eA een cigar mcs Bere Sis ae iets wen ee ee eae Fopeienere ere Ne 0.0095 
AP er MBLOMIIME VON VENLTAIS Wan secre ee cscs Dents Secu es CEC cane ommiees Satins anes .0180 
emauuerorineOManal mec nee. Met eN Ee Ee EWAN eR SSA ae kG 0239 
PPE mentale Este OTsal wenyat ies ;s iar Pe e's 28a Le fanned ale a) Rete yee ee ke 0105 
LY B{OVtTAY SH RRO GT Tes ie eee ay me au onan ap re gov JORIS ae NGe gts ARG RO so ore ne (017/(0) 
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ON THE CRANIAL AND DENTAL CHARACTERS OF MEPHITINA, WITH 
DESCRIPTION OF MEPHITIS FRONTATA, N. SP. FOSS.* 

By Dr. ELLIOTT CouEs, U. S. A. 

DENTAL FORMULA. 

3-3, ql-l 3-3 dnl = Mephitis yee O: Pees Ms ee ii ) 
pms et). weg5se 1989 a Spilogale. 

3-3 1-1 3-3 2-2 1- mw a 14 [ee Se Ore Py. or os NE. =d34or 32: 18. a3} C Fee ogee OY pea) ao hiorgn 1eoh qa d40r 32: Conepatus 

MEPHITIS FRONTATA, Coues, n. sp. foss. 

Diac.—Skull extremely high in the middle; the profile of the upper 
outline very rapidly descending in a nearly straight line from this point 
to the occiput and muzzle. Greatest depth of skull without jaw little 
less than half its length. Zygoma highly arched ; the bone in front com- 
pressed vertically instead of laterally. 

Locality of remains.—Bone-caves of Pennsylvania. 
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This species is founded on a skull, No. 2232 of the Smithsonian Mu- 
seum, obtained by Professor Baird in the bone-caves of Pennsylvania. The 
animal was a true Mephitis, as evidenced by the functionally-developed 
anterior upper premolar and shape of the jaw. Tbe most remarkable 
peculiarity will be seen at a glance in the accompanying illustration of 
the skull in profile. Though the frontal region is tumid throughout 
Mephitine, there is seen in the recent species nothing like the protuber- 
ance and angulation of the vertex of M. frontata. The prominence is 
also decidedly more posterior; it is something over and above the gen- 
eral tumidity of the interorbital region of recent Mephitis; the 

* Based on the material in the Museum of the Smithsonian Institution. 
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shape is rather as a Gulo ; but even the profile of the latter is here exag- 
gerated. The prominence appears to be mainly due to enlargement of 
the frontal sinuses, as may be seen in this specimen, on which the outer 
tablet of the skull is abraded in places, exposing the interior. With 
this general elevation is associated a notably higher arch of the zy- 
goma; but the bone itself is slenderer than in recent species at its 
anterior portion, where it is curiously narrowed vertically instead of 
being laminar throughout. None of these characters obtain in any of 
the numerous recent skulls examined, notwithstanding the great varia- 
bility of the latter. 

The animal was the size of the common species. The skull in gen- 
eral bulk is intermediate between various specimens of I. mephitica. 

The excellent figure, engraved by Nichols, of Washigton, from an 
photograph on wood by Smillie, renders further description unnecessary. 

MEPHITIS MEPHITICA, Bd. ex Shaw. 

(MM. americana or chinga, of authors.) 

The cranium of no animal with which I am acquainted varies more 
than that of the skunk, and few exhibit such remarkable differences, 
independently of age and sex. Some specimens are more than a fourth 
larger than others, and twice as heavy; and there is a corresponding 
range of variation in contour. Compared with an ordinary ratio of 
osteological variability, the discrepancies are almost on a par with those 
exhibited by the coloration of the animal when set over against the more 
constantmarkingsofmostanimals. Intheseriesof twenty or thirty skulls 
examined, I find that the western ones, and especially those from the Pa- 
cific coast, representing occidentalis of Baird, are, as a rule, larger and 
heavier than others, more widened and flattened behind, with stronger 
and more flaring sagittal and especially occipital crests. But these 
extremes shade insensibly into an ordinary pattern, and I can draw no 
dividing line. Tables of measurements would show these variations, 
though “they would searcely render that realizing sense of the discrep- 
ancies that is found by laying the two extremes side by side. An aver- 
age cranium, No. 3816, from New York, is selected for description, in 
the course of which the variations of the whole series will be brought 
under review. 

The greatest zygomatic width is to the length as 1 to 1.55, or slightly 
less than two- thirds such length. A similar proportion is generally pre- 
served. Viewed from above, the cranium presents a short, tumid, rostral 
portion, high at the nose, tapering on either side, but with a protuberance 
indicating the course of the canine tooth in the bone, subtruncate in 
front, with large subcircular nasal aperture, in this view much fore- 
shortened. The rostrum is about a third of the whole length, if meas- 
ured from extreme front to anterior root of zygoma; the zygoma, and 
then the rest of the skull, being, respectively, another third. In other 
skulls, the rostrum is shorter than this, and less vaulted. The general 
convexity of the rostrum continues on to the forehead, in the “broad, 
smooth, ‘interorbital Space. Supraorbital processes are very slight, 
being only indicated in a little bulging at the front, where the anterior 
forks of the sagittal crest come to the brim of the orbit. There is thus 
searcely any definition of the orbit from the general temporal fossa. 
The point of greatest constriction of the skull is considerably behind 
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the supraorbital process, just about half-way from end of rostrum to 
occiput, and opposite the apex of the mandibular coronoid, when the 
jaw is closed. Itisa gradual pinching-together of the sides of the . 
cranium for some distance, rather than an abrupt constriction at a 
particular point. It is sometimes unsymmetrical, one side being more 
emarginate than the other; is sometimes scarcely narrower than the 
interorbital space, sometimes about three-fourths as much. Back of this 
point, the skull widens rapidly to the hinder root of the zygoma and 
mastoid ; the latter being the broadest point of the skull proper, sepa- 
rated from the former by an emargination, in which les the opening of 
the meatus auditorius not visible from above. From each mastoid, the 
skull narrows in an approximately straight line backward and upward 
for u distance, and then ends with a straight-across contour, more or 
less emarginate on the median line. This whole posterior boundary, 
representing the lambdoidal crest, is extremely variable, not only accord- 
ing to age, but fortuitously. In some skulls—those with the broadest 
back part and most flaring occipital crest—there is a deep emargination 
in the middle line of the skull, boldly salient angles on either side of 
this, and a concave outline thence to the mastoid. This occipital flange 
hides all the parts beneath it. For the rest, the top of the skull shows 
a sagittal crest, (only in very young skulls a raised tablet,) well marked 
in all but young examples, forking anteriorly (at or a little in advance 
of the point of greatest constriction) to send a curved leg outward to 
either supraorbital process. Aside from this crest and the occipital 
one, the general cranial surface is vaulted. The zygomatic arches, 
viewed above, show the point of widest divergence near their posterior 
roots, whence they gradually and regularly converge forward with 
slight curve. 

- Viewed in profile, the skull shows its highest point at the interorbital 
space, whence it slopes gradually with a general slight convexity to the 
muzzle and occipital protuberence. This highest point is generally a 
little, sometimes decidedly, in advance of the middle of the skull. The 
frontal profile may acquire a slight concavity, and the opposite one may 
be slightly sinuous, owing to irregularity of the sagittal crest. The 
muzzle is cut squarely off, with an obliquity of perhaps 30 degrees from 
the perpendicular. The zygoma shows but a slight upward arch, and 
no beveling or special curve to define the portion of the orbit which 
it represents. It is laminar, narrowing midway, stoutest near poste- 
rior root. The anteorbital foramen* is a short perforation of a thin 
upper plate of its anterior root; behind, the glenoid fossa presents 
rather forward than downward. The prominent orifice of the meatus 
presents laterally between the root of the zygoma and the mastoid, 
which latter is a protuberant but blunt process immediately behind the 
meatus. Behind this, there is an emargination, terminated by the prom- 
inent downward-projecting paroccipital; back of this, the semicircular 
outline, foreshortened, of the occipital condyle appears. | 

The back of the skull is a subtriangular face, flat and perpendicular 
in general superficies, bounded above by the overhanging sagittal crest ; 
either lateral corner being the prominent paroccipital, between which 
appear the faces of the oblique condyles, the upper border of the fora- 
men being transverse with a slight curve. 

The skull from below shows a broad, flat, palatal surface for about 
two-fifths of its total length. The palate ends about opposite, or a little 

*As a curious but not very infrequent anomaly, this foramen is sometimes divided into 
several separate canals, through which branches of the facial nerve pass out apart from each 
other. I have observed the same thing in Conepatus, 
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back of, the posterior molars. This terminal shelf, representing the 
emargination between the pterygoids, is always broad and quite trans- 
verse; but the edge varies greatly in detail. It is commonly transverse, 
with a small median, backwardly-projecting point, producing a double 
emargination. It may be simply a broad curve, or it may present a 
median nick. The latter case is oftenest observed in specimens from 
the West, and constituted a chief character upon which I. occidentalis 
rested; but, with a larger series than Professor Baird examined, it is 
shown to be wholly fortuitous. The general shape of the palate is tri- 
angular; including the teeth, its greatest width behind is about as 
much as its length; anteriorly, it presents broad but short incisive fora- 
mina, scarcely reaching opposite the molars. The depthof the pterygoid 
emargination is considerably less than the length of the palate. The 
pterygoids are simply laminar, with strongly hamulate ends. They are 
usually parallel, but sometimes converge a little posteriorly, making 
the inclosed space club-shaped. The general surface of the base of the 
skull behind is quite flat, owing to slight inflation of the bull. These 
are decidedly convex only at one place, interiorly, elsewhere flat, and 
outwardly produced to form a tubular meatus. Traces of separation 
from surrounding parts long persist; at least, in front. About the bull 
are seen the following foramina: one in advance, just inside the 
glenoid fossa; two at the anterior extremity of the bulla; three along 
its inner border; one more exterior, near the mastoid; one far posterior, 
in the occipital. The basi-sphenoid suture, early obliterated, is straightly 
transverse in advance of the middle of the bulla. The general basilar 
area is flat, narrowing forward, unmarked, or with merely a slight median 
ridge. The border of the foramen magnum represents a deep emar- 
gination of the posterior border of this area, with the condylar pro- 
tuberance on either side. 

All the bones of the skull finally co-ossify, excepting, of course, the 
mandible, and most are joined at a comparatively early age. The 
periotic and internasal sutures persist the longest; the latter after the 
nasals are consolidated with the maxillaries, and the former after the 
basi-spheno-occipital suture is obliterated. When found separate, the 
nasals are seen to be regularly concave along their exterior border, 
truncate anteriorly, with a produced antero-lateral corner, and received 
by a pointed process in a recess of the frontal. The intermaxillary 
bone forms Jess than half of the general naso-maxillary suture. The 
maxillary extends within a short distance of the supraorbital protuber- 
ance. The malar is rathersmall, and fuses early with the rest of the 
zygomatic arch. The occipital bone is rather late to co-ossify ; the supra- 
occipital is then seen to represent most of the lambdoidal crest, reaching, 
on either hand, from the median line half-way to the mastoid process ; 
thence crossing this crest to the paroccipital, whence the suture runs on 
the floor of the skull along the border of the periotic by the foramen 
lacerum posterius to the basi-sphenoid; thence straight across the median 
line. 

The lower jaw in Mephitine is never locked, as far as known, in the 
glenoid by the clasping of the condyle in the embrace of the fossa, as is 
the rule, in adult life,in J/eles and in Taxidea, and as sometimes occurs in 
the Otters, (Lutrine.) The ramus of the mandible is stout, and nearly 
straight along the tooth-bearing portion ; the symphysis is thick, short, 
abruptly ascending obliquely forward. Between the ramus proper and 
the angle of the jaw, the lower border is decidedly emarginate, and the 
angle itself is scarcely or not at all exflected (cf. Conepatus). The angle 
itself is obtuse, and there is a decided neck in the outline thence to the 



at 

condyle. The condyle is horizontal, transverse, very narrow, and acute 
internallys on the outer half, its articular surface looks upward ; on the 
inner half, backward. The coronoid process rises straight and high, 
nearly uniformly tapering to the apex, a perpendicular from which falls 
decidedly in advance of the condyle (cf. Conepatus). The general mus- 
cular impression on its outer face is well marked. It is pointed below, 
and reaches forward on the ramus to a point underneath the last lower 
molar (cf. Conepatus). 

As remarked under the head of Conepatus, the dental formula of 
the three genera of Mephitine does not, in point of fact, differ. The dif- 
ference is nil as between Mephitis and Spilogale, in Conepatus, a supposed 
lesser number of teeth is only true in the very small size of the abor- 
tive, deciduous, or, at any rate, not functionally developed anterior 
upper premolar. In Mephitis, also, the tooth may be very small, or even 
abortive, on one or both sides of the jaw;.it is, however, normally 
present and readily recognizable. 

Selecting an average skull, of middle age, with fully-developed, yet lit- 
tle-worn, dentition, (for in very old skulls the teeth are so ground down 
as not to furnish fair characters,) we observe the following points: 

The back upper molar is the largest of the grinders, about as long as 
broad, quadrate, with rounded inner corners, and entirely tuberculous. 
It is completely divided across lengthwise by a suicus, on the outer side 
of which is a narrow portion, much higher than the broad inner portion, 
and separated from it not only by the groove across the face cf the tooth, 
but by a nick in the hinder border. This elevated outer moiety is ob- 
lique on its face from the general level of the dentition; it runs to a point 
at its fore and hind end, and hasa central, slightly-excavated field, with 
irregular-raised boundary. The flatter inner moiety of the tooth is 
chiefly occupied by a large antero-internal tubercle, separated by a 
eurved sulcus from a posterior raised margin. The next tooth—back 
premolar—differs altogether from the same flesh-tooth in the Musteline. 
It is relatively smaller, and has not a prominent isolated antero-internal 
fang. On the contrary, it is triangular in general outline, the inner cor- 
ner of the triangle representing the fang of the Mustelinew just named ; 
this is cuspidate, but this whole inner moiety is low and ‘tuberculous ” 
in comparison with the elevated and truly sectorial character of the rest 
of the tooth; for, viewed in profile from the outside, the tooth seems 
wholly sectorial, with two cusps, an anterior, produced acute one, and a 
posterior, shorter and obtuse, separated from the other by an acute 
re-entrance. Taken together, these two external cusps make the trenchant 
edge of the tooth. The next premolar is immediately and very markedly 
reduced in size; it is a small, simple, two-rooted, conical, acute cusp, - 
with a slight posterior ‘“‘heel” and well-marked cingulum on the inner 
side, The next—anterior—premolar is exactly like the foregoing, but 
very much smaller still, and single-rooted; it sometimes aborts. In very 
old skulls, the foregoing descriptions can hardly be verified. The back 
molar wears down to a perfectly smooth face, with raised inner and 
outer borders; the flesh-tooth loses its edge and inner cusp, and becomes 
almost tuberculous throughout; the other premolars become mere stumps 
The canines offer no points for remark. Of the upper incisors, the 
lateral pair is much larger than the rest, though not longer. I fail to 
appreciate any tangible difference in this respect between Conepatus and 
Mephitis. The tips of the teeth all fall in the same line; they are even 
and regular; the ends are obscurely lobate. These teeth start from the 
sockets quite obliquely, but soon turn perpendicularly downward, with 
an appreciable elbow. 
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In the lower jaw, the back molar, as usual, is small, simple, circular,. 
single-rooted, with a central depression and irregularly-raiséd margin. 
The next molar is much the largest of the series, and very notably dif- 
ferent from the same tooth in Musteline. It is fairly sectorial through- 
out; for the back portion, though lower than the rest, is decidedly of 
the same character as the other part. This tooth consists of five cusps: 
a posterior pair, side by side, inner and outer, of equal size and similar 
shape; a middle pair, side by side, the outer of which is larger and 
sharper than the inner; and asingle anterior cusp. The latter forms, with 
the exterior middle cusp, the main trenchant edge of the tooth. The 
interior middle cusp is a higher development of the ‘ heel,” more or less 
prominent on the inner face of the main cusp of the musteline tooth. 
The posterior pair of cusps is the low tuberculous part of the tooth in 
Musteline. The first premoiar from behind is a simple conical cusp, two- 
rooted, with evident heels, both before and behind, and a well-marked 
cingulum. ‘The next tooth is similar, but smaller, with less of a girdle, 
and searcely an anterior heel. The anterior premolar is like the last, 
but smaller still, and single-rooted. Ihave not seen its abortion. In 
very old skulls. the two molars become ground almost perfectly flat, and 
the premolars become stubby cones. The lower canines are shorter, 
relatively stouter, and more curved than the upper ones; there is usually 
quite an elbow at the point of greatest curve. The inferior incisors are 
more nearly of a size than is usual in Musteline, and more regular, 4. @.,. 
none are crowded out of the general plane; but this is a matter of de- 
gree only. The outer pair is larger than the rest; viewed from the 
front, they widen from base to tip, and the apex is emarginate. The 
next pair sets alittle back from the general plane; for, though their faces are 
generally quite flush with the others, yet their greater thickness causes. 
them to protrude behind. All the under incisors are approximately of 
one length. The cutting-edge of the outer pair is oblique; of the others, 
horizontal. The cutting-edge of the outer pair is nicked, as already said ; 
and the front faces of the rest are marked by a sulcus ending in a 
slight bilobation of their cutting-edges. 

SPILOGALE PUTORIUS, Coues ex Linn.* 

Mephitis zorilla, bicolor or interrupta of late authors. 

Numerous specimens before me, labeled “bicolor” and “ zorilla,” exhibit 
surprising variation in size and shape, without, however, warranting 
presumption that they are not all of the same species. Independently of 
the usual differences according to age, there is a remarkable range of 
variation in the width and depression of the skull behind and deyel- 
opment of the occipital crest. An average specimen is selected for 
description, in which the range of variation will be also noted. Com- 
parative expressions used have reference to the skull of Mephitis 
mephitica. 

The skull is smaller than that of M. mephitica; excepting one abnor- 
mally large example, all are much less in every dimension than tbe 
smallest (adult) skulls of MW. mephitica which I have seen. Viewed from 
above, the muzzle appears more tapering, if not also relatively shorter; 
the angle of obliquity of truncation of the nasal orifice is much the 
same. Supraorbital processes are small, but well defined, as acute 
eminences, prolonged from well-defined ridges of bone divaricating from 
the sagittal crest. This crest is a single and acute ridge in adult 

“Viverra putorius, L., Syst. Nat.,i, 10th ed., 1758, p. 44. (Based on Catesby. ) 
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skulls; in young ones, it is a tablet of bone, the sides of which separate 
almost at once from the occipital protuberance. There is little, if any, 
postorbital constriction of the skulls ; the least width there being little, 
if any, Jess than the interorbital width. The lateral divergence of the 
zygomata is much as in the last species. Behind, the skull is notably 
widened and flattened, almest as in Taxidea the intermastoid diameter 
being relatively much greater than itis in either Conepatus or Mephitis ; 
in fact, it is not very much less than the interzygomatic width, in some 
cases, at least. The occipital crest isstrongly developed, and its outlineis 
characteristic in the great convexity of contour on each side and deep 
median emargination; in other generathe median emargination is always 
slight, sometimes nil; and the lateral outline from the mastoid to the 
point where the supraoccipital bones leave the general occipital crest 
is about straight—if anything, coneave. 
A notable peculiarity appears in the profile-view of the skull. The 

dorsal outline in Mephitis mephitica is strongly convex, with a high 
point about the middle, and this is carried to an extreme in JV. frontata ; 
in the present case, the same outline is nearly straight from the ends of 
the nasals to near the occipital protuberance; in fact, the skull is as flat 
on top as an Otter’s, and flatter than a Badger’s. The zygomata are 
strongly arched upward, with a regular curve throughout, instead of 
being highest behind ; the prominence of the bulla ossea on the floor of 
the skull i is sufficient to bring this part fairly into view from the side, as is 
scarcely the case in JM. mephitica ; this feature is also due, in part, to 
an abbreviation of the mastoid process, w hich is hardly at all produced 
downward. 

On the floor of the skull, the principal feature is the width behind, 
which, being simply co-ordinate with the general lateral dilatation already 
noticed, requires nofurthercomment. The paroccipitalsare very small— 
in fact, mere nibs of bone, hardly able to bear the term “process.” There 
is also a point in connection with the bulle auditoriz. These are not 
only more bullous at the usual point of greatest inflation, but behind 
this, the part that reaches between the lateral elements of the occipital 
bone and the lateral portion of the lambdoidal crest has also a general 
smooth convexity instead of an irregular concavity. The bony palate 
ends in the same relative position as in Al. mephitica, and Shows the same 
variation in the character of the edge of this shelf. 

The mandible, though, of course, proportionally smaller than in J. 
mephitica, is identical in shape, contrasting equally well with the pecu- 
liarities of Conepatus, elsewhere mentioned. 

The smaller size aside, there is searcely anything in the dentition of 
this species calling for comment in comparison with Mephitis. The 
anterior premolar is well developed, and, as far as [can see, the dentition 
is, in other respects, nearly identical with that of Mephitis; the upper 
sectorial tooth, (posterior premolar,) however, has the cusp of its inner 
moiety rather a pointed process of the border itself than a conical cusp, 
surmounting this inner part. 

It should be noted that in one specimen, as an abnormality, the ante- 
rior upper premolar has aborted entirely on the right side, though pres- 
ent on the left; while the lower jaw of the same specimen shows an 
abortive posterior premolar on the left side. But, in general, in Mephi- 
tine, abortion or other irregularities of dentition are less frequent than 
in the Mustelinw, where the smaller teeth are more crowded. 
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CONEPATUS MAPURITO, Coues ex Gm.* 

Mephitis ( Thiosmus) mesoleucus, LICHT., and most late authors. 

In the following description, reference is had to the same parts of Jf. 
mephitica, to which all expressions of comparison apply. The account is. 

1881 
790, 

other specimens are examined at the same time. 
Viewed from above, the muzzle is notably tapering—decidedly more 

so than in WM. mephitica, though the calibre at the base of the zygomata 
is even greater.. The nasal aperture is much less foreshortened in this 
view. Supraorbital processes are barely, or not at all, recognizable; 
the prongs of the sagittal crest are faintly indicated or entirely inap- 
preciable. The point of greatest constriction of the skull (about mid- 
way between muzzle and occiput) is well marked and abrupt; the skull 
immediately swelling behind it, forming a decided projection into the 
temporal fossa, hardly or not seen in AL. mephitica. The eranial dome is 
rather higher and fuller. The zygomatic arches are comparatively 
shorter, more divergent, andmore regularly curved. In profile, the differ- 
ences are more striking. The highest part of the skull is back over the 
cranial dome, not at the interorbital space; the slope is but slight thence 
to the occipital protuberance, but is long and regular from the same spot 
to the incisor teeth; for so great is the obliquity of the nasal orifice 
that the end of the muzzle comes into this general curve, instead of 
rising, with slight obliquity, from the teeth to then bend abruptly 
backward at an angle. None of the specimens, unluckily, are young 
enough to show the nasal sutures; but I have no doubt that these bones, 
if not also the neighboring part of the maxillaries and intermaxil- 
laries, will be found to afford good characters. The anteorbital foramen 
(as in other species, sometimes subdivided into several separate canals) 
is farther forward and higher up, piercing a thicker zygomatic root, and 
consequently being rather a tube than a hole. The zygomatic bones 
are Slenderer and less laminar than in Mephitis. The arch, as a whole, 
is shorter and more anterior; in skulls of the same length laid together, 
the back roots of the archin Conepatus fallin advance of the other when 
the muzzles are together. Viewed from behind, the occipital surface is 
much higher and narrower: thus the distance from the bottom of the 
foramen magnum to the occipital protuberance is greater than the inter- 
paroccipital width; in Mephitis, it is, if anything, less. Beneath, the 
palate is seen to end some distance back of a line drawn across behind 
the molars; the pterygoids and contained interspace are correspondingly 
shorter than in Mephitis, in which the palate ends more nearly opposite 
the back molars. The edge of the palatal shelf is simply transverse in 
Some specimens, while in others it shows a little median process back- 
ward, and we may presume that in other cases it is nicked, for all this 
variation is now well known to occur in both Mephitis and Spilogale. 

The lower jaw gives excellent characters. The angle of the mandible 
is Strongly exflected and the emargination between this and the condyle 
is Slight. The coronoid process rises with considerable backward 
obliquity, with a very convex anterior border, and concave posterior one, 
carrying the apex of the bone backward to a point nearly or directly 
over the condyle. 

based mainly upon No. Mus. Smiths. Inst., from Texas, but several 

*Viverra mapurito, GM., Syst. Nat., i, 1788, p. 88. 
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A peculiarity of the dentition of Conepatus has been unduly exagger- 

ated by some authors who assign a different dental formula, (pm. = 

as against pms in Mephitis.) But the supposed wanting anterior 
oOo 

premolar is present as a rule; though itis always minute, probably 
never functionally developed, and deciduous or abortive on one or both 
sides. I see this small tooth plainly in two skulls before me, but do not 
find it in a third; in which last, there is instead an unusul diastema 
between the canine and the nearest premolar. This point disposed of, 
nothing in the dentition of Conepatus calls for special remark. The 
detailed account given under the head of Mephitis mephitict is here equally 
applicable. 

Wertepreey) C2) (D165 1 55S... 3; Cd, 18. (Gerrard) 





ANCIENT RUINS IN SOUTHWESTERN COLORADO. 

By W. H. Jackson. 

In the extreme southwestern corner of Colorado Territory, west of the 
one hundred and eighth degree of longitude, are groups of old ruined 
houses and towns, displaying a civilization and intelligence far beyond 
that of any of the present inhabitants of this or adjacent Territory. 

It will be my endeavor, in the few pages following, to describe these 
with as much minuteness and cireumspection asa very hasty trip enabled 
me to observe; depending more upon the pictorial illustrations acom- 
panying this article for clear exposition of the subject than upon my 
choice of words. 
Extending around the sources of the Rio Grande del Norte is one of 

the grandest uplifts of the whole Rocky Mountain chain, the Sierra 
San Juan. The drainage from its southern face supplies the half-dozen 
streams which go to make up the Rio San Juan, flowing westwardly 
into the Colorado of the West. To the southwest, standing isolated 
and alone, is another great mass of trachytic mountain-peaks, known 
as the Sierra La Plata, from which flow the Rio La Plata and the Rio 
de los Maneos, the most western of any importance of the northern 
tributaries of the San Juan. 
Although ruins in considerable number and importance were said to 

exist along the Rio Las Animas and San Juan; we did not think 
it best, to spare any of the little time at our disposal for their inves. 
tigation. Our object being to find those in which the picturesque 
predominated and were the least known, we directed our course to 
the westward, having obtained reliable information of the existence 
of some which would come up to our anticipations. The Rio de los 
Maucos, (from what circumstance so named I have not been able 
to learn,) rising in two principal forks among the western foot-hills 
of the Sierra La Plata, flows southwesterly through fertile and bean- 
tiful valleys to a great table-land, known as the ‘‘ Mesa Verde,” and en- 
tering, flows directly south through it, to the valley of the San Juan, 
and then turning west again joins that stream near the crossing of the 
boundary-lines of the four Territories. 
Commencing our observations in the park-like valley between the 

mesa and the mountains, we find that the low benches which border the 
stream upon either side bear faint vestiges of having, at some tar-away 
time, been covered with dwellings, grouped in communities apparently, 
but now so indistinct as to present to the eye little more than unin- 
telligible mounds. By a little careful investigation, however, lines of 
foundations of great squares of blocks of single buildings and of cireu- 
lar inclosures can be made out; the latter generally with a depressed 
center, showing an excavation for some purpose. The greater portion 
of these mounds were now overgrown with artemisia, pilon-pine, and 
cedar, concealing them almost entirely from castal observation. We 
found the surest indication of the proximity of these old ruins by the 
great quantities of broken pottery, which covered the ground in their 

2B 
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neighborhood; the same curiously indented, painted, and glazed ware 
found throughout New Mexico and Arizona. It was all broken into 
very small pieces; none that we could find being larger than a silver 
dollar. We had no opportunity to make any excavations about these old 
mounds; but such little scratching around as we could do developed 
nothing new below the surface, that which covered the ground having 
been broken and scattered since the demolition of the homes of the 
makers. Nowhere among these open-plains habitations could we dis- 
cover any vestiges of stone-work, either in building material or imple- 
ments. It is very evident that the houses were all of adobe; the mound- 
like character of the remains justifying that belief. 

The ‘“‘Mesa Verde” extends north and south about twenty, and 
east and west about forty miles. It is of a grayish-yellow Creta- 
ceous sandstone, with a very nearly horizontal bedding, so that 
the escarpment 1s about equal upon all sides, ranging from 600 
to 1,000 feet in height. The capping or upper strata are generally 
firmly and solidly bedded, and retain a perpendicular face of from 200 
to 500 feet. It is generally, however, a succession of benches, one above 
the other, and connected by the steep slopes of the talus. Side-caions 
penetrate the mesa, and ramify it in every direction, always presenting 
a perpendicular face, so that it is only at very rare intervals that the 
top can be reached; but, once up there, we find excellent grazing, 
good springs, and thick groves of cedar, and the pinon-pine. From 
the bottom of the cation up, the slopes of the escarpment were thickly 
covered with groves of cedar and pifon, gnarled and dwarfed, but 
sucking up a vigorons livelihood from the eracks and crevices of the 
barren declivities. Below, the cotton-wood and willow grew luxuri- 
antly beside the streams, while dense growths of a reedy grass towered 
above our heads as we rode through it. Throughout its entire length, 
the caon preserves an average width of about 200 yards, sometimes 
much wider and again narrower. The stream, meandering from side 
to side, and frequently interrupted by beaver-dams, cuts a deep chan- 
nel in the friable earth, which characterizes all the valley-lands of 
this region. The banks upon either one side or the other are per- 
pendicular, so that it was an extremely troublesome matter to cross. 
Added to the difficulties of getting in and out of the stream was the 
thick-matted jungle of undergrowth, tall, reedy grass, willows, and 
thorny bushes, all interlaced and entwined by tough and wiry grape- 
wines. The current is sluggish, and the water tinged with a milky 
translucency, gathered from the soil. The bottom is gravelly, but is cov- 
ered to a depth of two or three feet with avery soft and miry mud. In 
every turn were deep pools gouged out, so that the stream seemed to be 
a succession of them; riffles or bars of sandy gravel intervening, through 
which the water oozed rather than flowed. 

Entering the cafon at its upper end, we strike into the old Indian 
trail, which comes over from the head of the Rio Dolores, and, passing 
down this canon a short distance, turns off to the left and goes over to 
the head of the San Juan. About a hundred Indians had just passed 
over it with their horses and goats, so that it was in most excellent 
traveling order, although winding in and out, and over and among 
great blocks of sandstone and other débris from above; the encroaching 
stream, too, frequently forced our narrow pathway high up on the slopes 
of the projecting spurs, the treacherous character of the banks of the 
stream forbidding the crossing and recrossing usual in such cases. 
Grouped along in clusters, and singly, were indications of former habi- 
tations, very nearly obliterated, and consisting mostly, in the first 
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four or five miles, of the same mound-like forms noticed above, and 
accompanied always by the scattered, broken pottery. Among them we 
found one building of squared and carefully-laid sandstone ; one face 
only exposed, of three or four courses, above the mass of débris, which 
covered everything. This ‘building lay within a few yards of the banks 
of the stream ; was apparently about 10 feet by 8, the usual size, as near 

_as we could determine, of nearly all the separate rooms or houses in the 
larger blocks, none larger, and many not more than 5 feet square. The 
stones exposed were each about 7 by 12 inches square and 4 inches 
thick ; those in their original position retaining correct angles, but, when 
thrown down, were worn away and rounded by attrition to shapeless 
bowlders. Being so exposed to the elements, the cementing material 
which bound the masonry together was entirely worn away upon the 
surface; but, upon pulling away a few courses, it was found binding the 
rocks together quite firmly. I do not think, however, that it was any- 
thing more than an adobe mortar. 

As we progressed down the cation, the same general characteristics 
held good; the great majority of the ruins consisting of heaps of 
débris, a central mass considerably higher and more massive than the 
surrounding lines of subdivided squares. Small buildings, not more 
than 8 feet square, were often found standing alone apparently ; no trace 
of any other being detected in their immediate neighborhood. 
We now commenced to note another peculiar feature. Upon our right, 

the long slopes of protruding Strata and débris formed promontories, 
extending out into the cation. Upon these, and not more than 50 feet 
above the stream, we found vestiges of former occupation; the founda- 
tions in every case being circular, with a deep depression in the center. 
They generally occured in pairs, two side by side, and ranging from 10 to 
20 feet in diameter. No masonry of any kind was visible, but thickly 
strewn all about any quantity of broken pottery. Above were indica- 
tions of habitations in the face of the cliff, but not enough to warrant 
further search. 

At those places where the trail ran high up, and near the more pre- 
cipitous portion of the bluff, we found remnants of stone walls, inclosing 
spaces of from 5 to 12 feet in length, in the cave-like crevices running 
along the seams. They were pretty well demolished, the stones un- 
dressed and imbedded in mud mortar. In many places, little niches or 
crevices in rock had been walled up into cupboard-like inclosures 
of about the size of a bushel-basket. We searched them eagerly, but they 
had all been despoiled before us. Nothing of any greater importance 
was found up to the time we made camp at nightfall. All that we had 
Seen during the day was of exceeding interest, but came far short of 
our expectations. 

Our camp for the night was among the stunted pifions and cedars 
immediately at the foot of the escarpment of the mesa; its steep slopes 
and perpendicular faces rising nearly 1,000 feet above us. Quantities 
of broken pottery were strewn from above down, across the trail, to the 
edge of the stream; and, as ruins of some sort generally followed, close 
attention was paid to the surroundings; but, with the exception of a 
smali square inclosure of rough slabs of stone, set in the earth endwise, 
and indicating, possibly, a grave, nothing was found to reward our 
Search. Just as the sun was sinking behind the western walls of the 
Caion, one of the party descried far up the cliff what appeared to 
be a house, with a square wall, aud apertures indicating two stories, 
but so far up that only the very sharpest eyes could define anything 
satisfactorily. We had no field-glass with the party, and to this fact is 
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probably due the reason we had not seen others during the day in this 
same line; for I doubt not that ruins exist throughout the entire length 
of the canon, far above and out of the way of ordinary observation. 
Cedars and pines also grow thickly along the ledges upon which they 
are built, hiding completely anything behind them. All that we did 
find were built of the same materials as the cliffs themselves, with but 
few, and then only the smallest, apertures toward the canon ;. the surface 
being dressed very smooth, and showing no lines of masonry, it was 
only upon the very closest inspection that the house could be separated 
from the cliff. 

The discovery of this one, so far above anything heretofore seen, 
inspired us immediately with the ambition to scale the height and 
explore it, although night was drawing on fast, and darkness would 
probably overtake us among the precipices, with a chance of being de- 
tained there all night. All hands started up, but only two persevered 
to the end. The first 500 feet of ascent were over a long, steep slope of 
débris, overgrown with cedar; then came alternate perpendivulars and 
slopes; in oue place a clear exposure of about 25 feet of very fine- 
looking bituminous coal. Immediately below the house was a nearly 
perpendicular ascent of 100 feet. That puzzled us for a while, and then 
we were only able to surmount it by finding cracks and crevices into which 
fingers and toes could be inserted. From the little ledges occasionally 
found, and by stepping upon each other’s shoulders, and grasping 
tufts of yweca, one would draw himself up to another shelf, and then, by 
letting down a stick of cedar, a hand, or foot, would assist the other. 
Soon we reached a slope, smooth and steep, in which there had been 
cut a series of steps, now weathered away into a series of undulating 
hummocks, by which it was easy to ascend, and without them, almost 
an impossibility. Another short, steep slope, and we were under the 
ledge upon which was our house, (Fig. 12, Plate III.) It was getting 
quite dark, so we delayed no longer than to assure ourselves that it was 
all we hoped for, and to prospect a way up when we should return the 
next morning with the photographie outfit and note-books. 

Bright and early, as soon as breakfast was dispatched, we commenced 
the ascent. Mexico, our little pack-mule, with the apparatus upon her 
back, by sharp tacks and lively scrambling over the rocks, was able 
to reach the foot of the precipice of which I have spoken above. Up 
this we hauled the boxes containing the camera and chemicals by the 
long ropes taken from the pack-saddle. One man was shoved up ahead, 
over the worst place, with the rope, and, tying it to a tree, the others easily 
ascended. 

The house stood upon a narrow ledge, which formed the floor, and 
was overhung by the rocks of the cliff. The depth of this ledge was 
about 10 feet by about 20 in length, and the vertical space between ledge 
and overhanging rock some fifteen feet. The house occupied the left- 
hand half as we face it; the rest being reserved as a sort of esplanade, 
a Small portion of the wall remaining, which cut it off from the narrow 
ledge running beyond. The edges of the ledge upon which the house 
stood were rounded off, so that its outside walls had to be built upon an 
incline of about forty-five degrees’; the esplanade, too, had been extended 
by three abutments, built out flush with the walls of the house, upon 
the steeply-inclined slope, and giving support probably to a floor and 
balustrade. 
The house itself, perched up in its little crevice like a swallow’s nest, 

consisted of two stories, with a total height of about 12 feet, leaving a 
space of two or three feet between the top of the walls and the over- 
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hanging rock. We could not determine satisfactorily whether any other 
roof had ever existed or whether the walls ran up higher and joined the 
rock, but we incline to the first supposition. The eround- plan showed a 
front room about 6 by 9 feet in dimensions, and back of it two smaller 
ones, the face of the rock forming their back walls. These were each 
about 5 Sby 7 feet square. The left ‘hand of the two back rooms projected 
beyond the front room in an L. The cedar beams, which had divided the 
house into two floors, were gone, with the exception of a few splintered 
pieces and ends remaining in the wall, just enough to show what they 
were made of. We had some little doubt as to whether the back rooms 
were divided in the same way, nothing remaining to prove the fact, 
excepting holes in the walls, at the same height as the beams in 
the other portion. In the lower front room were two apertures, 
one serving as a door, and opening out upon the esplanade, about 
20 by 30 inches in size, the lower sill 24 inches from the floor, and 
the other a small outlook, about 12 inches square, up near the ceiling 
and looking over the whole caion beneath. In the upper story, a window 
corresponded in size, shape, and position to the larger one below, 
both commanding an extended view down the cation. ‘he upper lintel 
of this window was of small, straight sticks of cedar, of about the size 
of one’s finger, laid close together, the small stones of the masonry 
resting upon them. Directly opposite this window was a similar one, as 
shown in the figure, but opening into a large reservoir, or cistern, the 
upper walls of which came nearly to the top of the window. It was 
semicircular, inclosing the angle formed by the wall against the rock, 
with an approximate capacity of about two and a half hogsheads. 
From the window, and extending down to the bottom of the reservoir, 
was a series of cedar pegs, about a foot apart, enabling the occupants 
to easily reach the oni The entire construction of this little human 
eyrie displayed wonderful perseverance, ingenuity, and some taste. 
Perpendiculars were well regarded, and the angles carefully squared. 
The stones of the outer rooms or front were all.squared and smoothly 
faced, but were not—laid in regular courses, as they are not uniform in 
size, ranging from 15 inches in length and 8 in ehiolenes 35 down ie very 
small ones. About the corners and the windows, considerable care se 
judgment were evident in the overlapping of the joints, so th: ‘i all We 
held firmly together. The only sign of weakness was in the eas 
outward of the front wall, produced by the giving way or removal of 
the floor-beams. he back portions were built of rough stone, firmly 
cemented together. The mortar was compact and hard, a grayish-white, 
resembling lime mortar, but cracking all over, like some of the adobe 
mortars. All the interstices between the larger stones were carefully 
chinked in with small chips of the same material. The partitions were 
of the same character as the smooth wall outside, both presenting some 
what the appearance of having been rubbed down smooth after they 
were laid. The apertures, from one room to another, were small, corre- 
sponding in size and position to those outside. Most peculiar, however, 
was the dressing of the walls of the upper and lower front rooms. 
Both were plastered with a thin layer of some firm cement of about an 
eighth of an inch in thickness, and colored a deep maroon- red, with a 
dingy white band 8 inches in breadth, running around floor, sides, and 
ceiling. In some places, it had peeled away, exposing a smoothly- 
dressed surface of rock. No signs of ornamentation, other than the band 
alluded to, were visible. The ‘floor, which was covered to a depth of 2 
or 3 inches with dust, dirt, and the excrement of small animals, had 
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been evened up with a cement resembling that in the walls. The back 
rooms were half-filled with rocky débris from roof and cliff. 

While busied with my negatives, the others had prospected the ledge 
in opposite directions, coming upon ample evidence of its having been 
quite thickly peopled. Ruins ot half a dozen lesser houses were “found 
near by, but all in such exposed situations as to be quite dilapidated. 
Some had been crushed by the overhanging wall falling upon them, and 
others had lost their foot-hold and tumbled down the precipice. One lit- 
tle house in particular, at the extremity of this ledge, about fifty rods 
below the one described above, was especially unique in the daring 
of its site, filling the mind with amazement at the temerity of the 
builders and the extremity to which they must have been pushed. 
Careful views of this having been secured so as to show as well as pos- 
sible its almost complete inaccessibility, we felt impelled to hurry on to 
new developments. Apparatus was carefully lowered to the patiently- 
waiting mule, and adjusted to the pack-saddle, then, mounting our own 
animals, pushed on down the canon. Below it opened out into quite a 
valley, side-callous opening in from either hand, adding much to the | 
space. Every quarter-mile, at the most, we came upon evidences of 
former habitations, similar to those already described; the greater major- 
ity occurring in the level bottoms and on the low spurs of the escarp- 
ment. 

Two or three miles below the house in Fig. 12, we discovered a wall 
standing in the thick brush upon the opposite side of the river. Consid- 
erable difficulty was experienced in crossing; in some places having to 
cut our way through the entangling vines with our belt-iknives, and then, 
when the stream was reached, had to follow it some distance before an 
opportunity occurred to emerge. 
The wall, or walls rather, before us were a portion of an old tower, 

(see Fig. 1, ” Plate I ») inthe midst of a group of more dimly marked ruins 
or foundations, extending some twenty rods in each direction from it. 
As seen in the figure referred to, the tower consisted of two lines of 
walls, the space between them divided into apartments, and a single 
circular room in the center. The outside diameter of all was 25 feet, 
that of the inner circle 12 feet, and as the walls were respectively 18 
and 12 inches in thickness, left a space of 4 feet for the small rooms. 
This outer circle was evidently divided into six equal apartments, but 
only the divisions marked in the diagram could be distinguished. In 
the place where they should have occurred, the walls were so broken 
down and covered with débris as to render all details indistinguisha- 
ble. Where the walls were standing, they showed small window-like 
doors opening into the inner circle. The highest portion of the imner 
wall was not more than 8 feet, and of the outer about 15, From 
the amount of débris, I should not judge it to have been much 
higher—not more than 20 feet at the most. The space between 
the walls was filled with débris. Outside there was very little, ex- 
cept where the wall was totally ruined, and inside the inner circle was 
more; but, as that had probably been an underground apartment, or 
excavation, and was still a little below the ordinary level, it was not 
easy to judge how much had gone into it. 

The stones of which this tower was constructed were irregular in size 
and shape, but with the outer face dressed to a uniform surface, and of 
the same average size as those already described. The mortar and 
“ chinking ” had| been worn out entirely from the more exposed portions, 
giving the wall the appearance of having been, dry-laid ; but upon pull- 
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ing away some of the stones to a little depth, they were found to have 
been well cemented. 

Passing on down the canton, not stopping now to notice the more ordi- 
nary forms of ruins, we passed the mouths of numerous side-canons, 
down which came great freshets during the rainy season, gouging out 
deep arroyos, and strewing the surface with the collected débris of pition 
and cedar, sage-brush and cacti. About the mouth of Coal Caiion, 
particularly, the whole surface of the ‘“‘ wash ” was covered with lumps 
of fine-looking bituminous coal, as though a thousand coal-carts had 
traveled that way with their tail-boards out. 
We camped at sunset at what our guide called the Rattlesnake Bend, 

within a half-dozen miles of the outletof thecaiion. Wehad not discovered 
any more of the high cliff-houses during the day; but, I doubt not that, 
if we had had a good field-glass with us, many more might have been 
found along the crevices near the summit of the escarpment. To have 
verified our suppositions by a personal inspection would have involved 
a great deal of labor, and more time than we could have spared trom 
our very scanty store. As it stood, we contented ourselves with secur- 
ing types. In the vicinity of this camp, the caton changed much in ap- 
pearance ; instead of the long slope of talus capped by a perpendicular 
ledge. we have here a perpendicular ledge, first of 200 or 300 feet, and 
then a long receding bench, back to the higher mesa beyond. 

Close to our camp was one of the little towers that we now came to 
look upon as common, about 10 feet in diameter, and remaining some 8 
feet in height; the inside half-filled with the débris from the walls. 
Half a mile below, in the vertical face of rock, and at a height of from 50 
to 100 feet from the trail, were a number of little nest-like habitations. 
Fig. 5, Plate I, illustrates their general characteristics. The communication 
with the outside world was from above, to a small window-like door, not 
shown in the sketch. Two small apertures furnish a lookout over the 
valley. The walls were as firm and solid as the rocks beneath which 
they were built. The stones were more regular in size than any noticed, 
but smaller. The chinking-in of small chips of stone was noticeably neat 
and perfect on the inside. This was nota commodious dwelling ; 15 feet 
would span its length, and 6 its height, while in depth it was not more 
than 5 feet. Near by, upon a low ledge, and readily accessible from 
below, was a string of five or six houses, evidently communicating, mere 
kennels compared with some others, made by walling up the deep cave- 
like crevices in the sandstone. The same hands built them that lived 
in the better houses; the masonry being very similar, especially the 
inside chinking, which was perfect, and gave the walls a very neat ap- 
pearance. Fig. 3 of Plate IL isan example of the tenacity of their mortar; 
the view being of one of the line of little houses just spoken of. In this 
case, a portion of the ledge upon which the house stood has become 
separated from the cliff, carrying a portion of one of the buildings with 
it; and although torn away from the remaining wall, and thrown over at 
a considerable angle, yet it remains perfectly firm and unshaken. 

Seratched into the face of the cliff which contained these houses were 
various inscriptions, one of which I have depicted in Fig. 6 of Plate I. 
As they are not cut in very deeply, and in some places mere scratches, 
I doubt very much whether they are contemporaneous with the houses 
themselves. 

Two or three miles farther, and the cation changed in feature again ; 
the highest level of the mesa coming forward and towering over the 
valley with a thousand feet of altitude; the bottom-lands widening out 
to a half and three-quarters of a mile in breadth. Cottonwood and 
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willow fringed the meandering stream in pleasant groves, while the 
dead level of the valley was heavily carpeted with a dense growth of 
artemisia and cacti. Everything was dry, dusty, and barren; the stream 
itself losing in volume, and becoming moreturbid. Fig. 13 of Plate III 
represents in outline the characteristics of the cation, or valley rather, 
at this point. 

Tn the high bluff, on the right hand in the sketch, were some of the - 
most curious and unique little habitations yet seen. While jogging 
along under this bluff, fully 1,000 feet in height, and admiring its bold 
outlines and brilliant coloring, one of our party, sharper-eyed than the 
rest. descried, away up near the top, perfect little houses, sandwiched 
in among the crevices of the horizontal strata of the rock of which the 
bluff wascomposed. While busy with my photographs, two of the party 
started up to scale the height, and inspect this lofty abode. By pene- 
trating a side-caion some little ways, a more gradual slope was found, 
that carried them to the summit of the bluff. Now, the trouble was to 
get down to the house, and this was accomplished only by crawling 
along a ledge of about 20 inches in width, and not tall enough for more 
than a creeping position. In momentary peril of life, for the least mis- 
take would precipitate him down the whole of this dizzy height, our 
adventurous seeker after knowledge crept along the ledge until the 
broader platform was reached, upon which the most perfect of the houses 
alluded to stood. The ledge ended with the bouse, which was built out 
flush with its outeredge. This structure resembled in general features 
the cliff houses already spoken of. The masonry was as firm and solid 
as when first constructed ; the inside was finished with exceptional care. 
In width, it was about 5 feet in front, the side-wall running back in 
a semicircular sweep, in length 15, and in height 7 feet. The only 
aperture was both door and windows, and about 20 by 30 inches in 
diameter. In Fig. 7 of Plate II, I have traced a design of this aerial 
habitation as it appeared from below; its uniqueness consisting in 
position on the face of the biufft. To the casual observer, it would not 
be noticed once in fifty times in passing, so similar to the rocks between 
which it was plastered did it appear from our position on the trail. A 
short distance to the right, and one ledge above, was another building 
of somewhat ruder construction, but with corner square, and walls 
truncated. 

Referring again to Plate III and Fig. 13, the position of these houses, 
and also of the one in Fig. 12, can be seen in the dark heavy lines near 
the summit, just above the most precipitous portion of the bluff, gener- 
ally at a height of from 600 to 800 feet above the level of the cation. 
The talus sometimes runs up to within 200 feet of them, very seldom 
nearer and most frequently lower. 

This was the last eliff-house we noticed in this cafion. From the first 
to the last, all that were upon an elevation, however light, were on the 
western side of the canon, with either doors or windows facing east, 
overlooking the opposite bluffs. We could not find even the faintest 
vestige of ruins or houses upon theeastern side. Those built low down 
on the level land did not hold to the same rule, being scattered indis- 
criminately upon either bank of the stream. 

Proceeding down the broad open caiion over the now very easy trail, 
we espied upon the opposite side of the stream a tower of apparently 
greater dimensions than the ones noticed above. The crossing was 
execrable; but, forcing a way through the tangled undergrowth to the 
stream, a way was found out of it to the ruin some forty rods back ; 
(see Figs. 2 and 3.) The tower only remained; this was circular, 12 
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feet in diameter, and now about 20 in height, the wall being about 16 
inches in thickness. Facing the valley northward was a window-like 
aperture, about 18 by 24 inches in size; the lower lintel some 7 or 8 feet 
above the base. ‘The stones of which it was constructed were uniform 
in size and angle. Being so entirely exposed to atmospheric influences, 
the mortar had worn away entirely from between the outer layers. In- 
side, the débris was heaped up nearly to the window. By referring to 
Fig. 3, it will beseen that a rectangular structure, divided into two 
apartments, each about 15 feet square, joined the tower. Only one cor- 
ner of three or four courses of masonry remained, shown by the shaded 
lines; the rest being indicated by mound-like lines of loose débris, in 
which but few stones remained, from which fact, and also that the cen- 
ter of each square was considerably depressed below the surrounding 
surface, I should judge that it had been an underground structure, its 
roof not reaching the window midway in the tower. It would be ex- 
tremely interesting to excavate upon these old foundations; for I doubt 
not that many interesting relics, and possibly some clew to their man- 
ner of life, might be found. Our time, however, was too limited to 
admit of the experiment, much as we desired the information it might 
furnish. 

In the same neighborhood stood a corner and a portion of a doorway 
of a house, (see Fig. 4,) showing considerable care and skill in its con- 
struction, and, what we had not noticed before, the doorway facing 
east was a little over 6 feet in height, tall enough to enable a person to 
stand up in it. 
With these, we finished our observations of the ruins in the Caton de 

los Mancos. We were now at its mouth, the mesa ending as abruptly 
as it began; the river, turning well westward and following approxi- 
mately the course of the San Juan, joined it near the southwestern 
corner of the Territory, at the foot of Ute Mountain. 

Striking off to the right from the stream, and following close under 
the bold escarpment of the mesa, we could still discern, as we bore 
away, group after group of standing walls and mounds, extending down 
the valley into the broad open piain of the San Juan. It was with many 
regrets that we turned our backs upon these relics of a forgotten 
race. Our trail now lay over the peculiar marly earths lying under 
the sandstones of the table-land, soft, friable, and dusty, without 
vegetation, our mule’s feet sinking into it to the fetlocks at each 
step. At our right, portions of the mesa had become separated, 
and weathered into peculiar pinnacled turrets. One particularly 
stood out detached some fifty rods; the trail passing between it and the 
mesa, forming an old and well-known landmark on the old Spanish 
trail from Santa Fé to Salt Lake. <A little farther on, and to the right, 
was another mass, bearing a curious resemblance to a matron standing 
with a child beside her, the alternating bands ef red and white strata 
marking off the figure intc its different proportions and into flounces 
and trimmings. 
Away to the south and west, over the broad plains of the San Juan, 

where roamed the great flocks of sheep and goats belonging to the Nava- 
joes, the Callabassas Mountains reared themselves into distinct view, 
while, between them and the river, a great cristone thrust itself up out 
of the earth to a height of at least 2,000 feet, as veritable a needle as was 
ever christened such. 

Striking into this old trail, we bore around to the western side of the 
mesa, and, near nightfall, arrived at what are known locally as ‘Aztec 
Springs.” This, for there is one only, lies cut upon the northeastern 
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flanks of the Ute Mountain, and close upon the divide between the 
waters of the Mancos and the Dolores. It was our intention to have 
camped here and worked up the surroundings at our leisure; but, very 
much to the surprise cf our guide, the- spring was perfectly dry, not 
even the least moisture remaining to tempt us to dig for it, for others be- 
fore us had dug to the depth of three or four feet with no reward for their 
labor. Atits best, it could have been but a very insignificant source of 
supply ; the surplus oozing away through a few yards of wiry grass 
into the dry sand. The basin of the spring lay in quitea depression, 
that had evidently been excavated for the purpose. A well may have 
existed ; for it cannot be reasonably supposed that the very large settle- 
ments which at one time existed in the neighborhood were supplied 
from it in anywhere near its present condition. The nearest running 
water was 12 or 13 miles away, and none of the surroundings indicated 
that this spring ever had any very considerable volume of water. Imme- 
diately adjoining the spring, on the right, as we face it from below, is 
the ruin of a great massive structure of some kind, about 100 feet 
square in exterior dimensions; a portion only of the wall upon the 
northern face remaining in its original position. The débris of the ruin 
now forms a great mound of crumbling rock, from 12 to 20 feet in height, 
overgrown with artimisia, but showing clearly, however, its rectangular 
structure, adjusted approximately to the four points of the compass. 
Inside this square was a circle, about 60 feet in diamete, deeply depress- 
ed in the center, and walled. The space between the square and thecircle 
appeared, upon a hasty examination, to have been filled in solidly with 
a sort of rubble-masonry. Cross-walls were noticed in two places; but 
whether they were to strengthen the walls or had divided apartments 
could only be conjectured. That portion of the outer wallremaining stand- 
ing was some 40 feet in length and 15 in height. The stones were 
dressed to a uniform size and finish. Upon the same level as this ruin, 
-and extending back, I should think, half a mile, were grouped line after 
line of foundations and mounds, the great mass of which was of stone, 
but not one remaining upon another. All the subdivisions were plainly 
marked, so that one might, with a little care, count every room or build- 
ing in the settlement. Below the above group, some two hundred 
yards distant, and communicating by indistinct lines of débris, was 
another great wall, inclosing a space of about 200 feet square. Only 
a small portion was well enough preserved to enable us to judge, with 
any accuracy, as to its character and dimensions; the greater portion 
consisting of large ridges flattened down so much as to measure some 30 
or more feet across the base, and 5 or 6 feet in height. This better pre- 
served portion was some 50 feet in length, 7 or 8 feet in height, and 20 
feet thick, the two exterior surfaces of well-dressed and evenly-laid 
courses, and the center packed in solidly with rubble-masonry, look- 
ing entirely different from those rooms which had been filled with 
débris, though it is difficult to assign any reason for its being so mas- 
Sively constructed. It was only a portion of a system extending half a 
mile out into the plains, of much less importance, however, and now 
only indistinguishable mounds. The town built about this spring 
was nearly a square mile in extent, the larger and more enduring build- 
ings in the center, while all about were scattered and grouped the rem- 
nants of smaller structures, comprising the suburbs. 

It was sunset by the time we had secured the photographic views 
necessary to illustrate the leading features of this group. A camp had 
to be found, a thing very easily done in most localities, but here one 
very important constituent was wanting; sage-brush and grassabounded, 
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but water was sadly deficient. However, by good luck, as we might 
call it, a few pools of the grateful fluid were found in the nearly dry bed 
of an old stream, about four miles distant from theruins. This pretense 
of a stream is known locally as the McElmo, and flows westwardly into 
the San Juan. For the greater portion of the year, its course is but a 
deep dry gulch, the water only coming to the surface near its mouth. 
The valley or cation through which it flows is peculiar to this region. 
Starting from the level plain at the foot of the Mesa Verde, it sinks evenly 
and gradually down between the mesa-lands, they having been rent 
asunder to prepare for this graded way, and, getting deeper and deeper, 
is finally engulfed in the great chasms debouching into the Colorado. 
li preserves a very nearly equal width of from two or three hundred 
yards, perfectly flat and level, from the foot of one escarpment to that 
of the other, and covered with the all-prevalent artemisia_and groups of 
cedar and pions. 
Buta short distance above our camp, and upon the top of the mesa, 

which, at this point, was not more than 25 feet above the valley, we 
found a tower very similar to that on the Mancos (see Fig. 1.) but con- 
siderably larger, and surrounded by a much greater settlement. It was 
about 50 feet in diameter, and, like the Mancos one, double-walled, the 
space between the two about 6 feet in width, and subdivided into small 
apartments by cross-walls pierced with communicating doors or windows. 
Immediately surrounding this tower was a great mass, of which it was 
the center, of scattered heaps of stone débris, arranged in rectangular 
order, each little square with a depressed center, suggesting large sub- 
divided buildings, similar to the great community-dwellings of the Pue- 
blos and Moquis and the old ruins of the Chaco. Upon the southeast 
corner of this group, and upon the very edge of the mesa, were the re- 
mains of another smaller tower, and below it, founded upon the bottom 
ofa small canon, which ran up at right angles to the McHlmo, was a 
portion of a heavy wall rising to the base of this lesser tower. This 
group covered a space of about one hundred yards square; while ad- 
joining it on the mesa was group after group, upon the same 
general plan—a great central tower and smaller surrounding build- 
ings. They covered the whole breadth and length of the land; and, 
turn which way we would, we stumbled over the old mounds and into 
the cellars, as we might call them, of these truly aborigines. The same 
painted, glazed, and otherwise ornamented ware, of which I have spoken, 
accompanied each settlement, and we were contiually picking up new 
designs and forms. 

Starting down the caion, which gradually deepened as the table-land 
closed over us, we found upon each hand very old and faint vestiges 
of this forgotten people, but could give them no more attention than 
merely noting their existence. Half a dozen miles down, and we came 
upon several little nest-like dwellings, very similar to those in Figs. 5 
and 7, but only about 40 or 50 feet above the valley. Two miles farther, 
and we came upon the tower shown in Fig. 9, standing upon the summit 
of a great square block of sandstone, some forty feet in height, detached 
from the bluffback of it. The building, upon its summit, was square, 
with apertures like windows upon two faces, looking east and north, and 
very much ruined, but still standing in some places about 15 feet above 

_ the rock on which it was founded. At the base of the rock was a wall 
running about it, a small portion only remaining, the rest thrown down 
and covered with débris from the house above. 
About here we crossed the boundary-line into Utah, and then, two 

or three miles farther, we came upon a very interesting group. The 
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valley, at this place, widens out considerably, and in the center stands 
a solitary butte of dark-red sandstone, upon a perfectly bare and smooth 
floor of the same, dipping down to the center of the valley ata slight 
inclination. The butte is but a remnant of a former mesa, worn down 
by time to its present dimensions, some 100 feet in height and 300 
inlength. It is an irregular mass, seamed and cracked, and gradually 
going the way its former surroundings have traveled. Running about 
its base, in irregular lines, are remains of walls, but whether for de- 
fense or habitation would be hard now to determine. At the back of 
the rock, a view of which is had in Fig. 10, are the remains of two 
quite considerable walls, one above the other; the lower portion—one 
corner only of a square building, all traces of the remaining portions 
having entirely disappeared—seemed to serve as a sort of approach to 
the larger building above, the top of which came up nearly to the 
summit of the rock. It was about 18 feet in length and 12 in height. 
Portions only of the side-walls, connecting it with the rock, remained. 
The stones of which it was built were very uniform in size, angle, and 
finish, more so than any yet seen, but, like all similarly-exposed build- 
ings, the mortar was washed or worn away entirely from between the 
outer layers; farther in, it existed as usual. In front wasasingle aper- 
ture of about 18 by 24 inches, whether for door or window would be 
hard to guess. The only access to the top of the rock was through the 
window of this house. On top were evidences of some sort of mason- 
work, that covered it from one end to the other. All the irregular gaps 
and crevices had been walled up, probably to make an even surface. 
But few of the stones remained in position ; in one or two places, three 
or four courses—all the rest thrown down and seattered. 

In the rear, about fifty yards removed, were other ruins belonging to 
the same group surrounding the rock. The better-preserved portions 
consisted of a square tower, with one round corner, about 12 fect in 
diameter, and upon the lowest side, which stood in a dry ran, about 20 
feet in height. The walls were 18 inches in thickness, with no signs of 
apertures, Adjoining this ruin were the ruins of another, but so much 
thrown down as to be almost unrecognizable; and between these and 
the rock were circular depressions of some considerable depth, indicat- 
ing either subterranean apartments or reservoirs. No water could be 
found anywhere in the neighborhood. The dry bed of the McEImo was 
fully a mile distant, in which water flows during the winter and spring 
only. 

Aside from the interest attaching to the ruins themselves, there are 
thrown about this rock and its surroundings the romance and charm 
of legendary association. The story runs thus, as given us by our 
guide, and very excellently rendered by Mr. Ingersoll, in his article to 
the New York Tribune of November 3: 

Formerly, the aborigines inhabited all this country we had been over as fay west as the 
headwaters of the San Juan, as far north as the Rio Dolores, west some distance into 
Utah, and south and southwest throughout Arizona and on down into Mexico. They had 
lived there from time immemorial—since the earth was a small island, which augmented 
as its inhabitants multiplied. They cultivated the valley, fashioned whatever utensils and 
tools they needed very neatly and handsomely out of clay and wood and stone, not know- 
ing any of the useful metals; built their homes and kept their flocks and herds in the 
fertile river-bottoms, and worshiped the sun. They were an eminently peaceful and pros- 
perous people, living by agriculture rather than by the chase. About a thousand years 
ago, however, they were visited by savage strangers from the North, whom they treated 
hospitably. Soon these visits became more frequent and annoying. Then their trouble- 
some neighbors—ancestors of the present Utes—began to forage upon them, and, at last, 
to massacre them and devastate their farms; so, to save their lives at least, they built 
houses high upon the cliffs, where they could store food and hide away till the raiders 
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left. But one summer the invaders did not go back to their mountains as the people 
expected, but brought their families with them and settled down. So, driven from their 
homes and lands, starving in their little niches on the high cliffs, they could only steal 
away during the night, and wander across the cheerless uplands. To one who has trav- 
eled these steppes, such a flight seems terrible, and the mind hesitates to picture the suffering 
of the sad fugitives. 

At the cristone they halted, and probably found friends, for the rocks and caves are 
full of the nests of these human wrens and swallows. Here they collected, erected stone 
fortifications and watch-towers, dug reserveirs in the rocks to hold a supply of water, 
which in all cases is precarious in this latitude, and once more stood at bay. Their 
foes came, and for one long month fought and were beaten back, and returned day after 
day to the attack as merciless and inevitable as the tide. Meanwhile, the families of the 
defenders were evacuating and moving south, and bravely did their protectors shield them 
till they were all safely a hundred miles away. The besiegers were beaten back and 
went away. But the narrative tells us that the hollows of the rocks were filed to the 
brim with the mingled blood of conquerors and conquered, and red veins of it ran down 
into the caion. It was sucha victory as they could not afford to gain again, and they were 
elad when the long fight was over to follow their wives and little ones to the South. 
There, in the deserts of Arizona, on well-nigh unapproachable isolated bluffs, they built 
new towns, and their few descendants, the Moquis, live in them to this day, preserving 
more carefully and purely the history and veneration of their forefathers than their skill 
or wisdom. It was from one of their old men that this traditional sketch was obtained. 

The bare floor of nearly white sandstone, upon which the butte stands’ 
is stained in gory streaks and blotches by the action of an iron con- 
stituent in another portion of the adjoining bluffs, and this feature 
probably gave rise to the legend. Half a mile back, or north from this 
historic butte, is a group of small cave-houses. <A long bluff line, about 
100 feet in height, of alternating bands of red and white sandstone, has, 
along a line of its upper strata, quite a number of shallow caves, in 
which were snug little retreats, securely walled in, the masonry perfect 
and substantial. Along the top of the bluff were traces of old walls, but 
well-nigh obliterated. 

While passing the mouth of a wide side-canon, coming in from the 
right, a tall, black-looking tower caught our eye, perched upon the very 
brink of the mesa, overlooking the valley. Tying our riding-animals 
at the foot, and leading the pack-mule, with photographic kit, we soon 
struck into an old trail, worn deep into the rocks, winding and twisting 
among great bowlders, and overgrown and obstructed with rank growth 
of sage, cedar, and cacti. In its day, the trail had been a good one; 
now it was anything but such. Bad as it was, however, it was the only 
way to the summit, and we were thankful for it. Skirting the edge of 
the mesa a few yards, we came to the tower, the trail passing back of 
it and on up toa higher level. From above had rolled down a huge 
block of sandstone, lodging upon the brink, and upon this the tower 
was built, so that from below both appeared as one. They were of the 
same diameter, about 10 feet, and some 18 feet in height, equally 
divided between rock and tower. In construction, it was similar to 
those already described, of single wall. It was evidently an outpost 
or watch-tower, guarding the approach to a large settlement upon or be- 
yond the mesa lying above it. From this point we now struck out for 
another group of ruins lying upon a nameless stream, some eight or ten 
miles farther west., Four or five miles we followed the McHlmo down, 
the trail good, the whole surface covered with a dense growth of arte- 
misia and groves of cedar and pion, with cottonwoods fringing the dry 
stream. Branching off at right angles, crossing the heads of two cafions 
which opened out quickly into great gorges, and then descending into a 
valley densely covered with greasewood, we came upon the ruins we 
were in search of. Through the valley ran a deep gulch, a narrow 
thread of warm, brackish water appearing at intervals in its bed, and 
gathering into pools in basins a short distance below the ruins. 
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In Fig. 11 of Plate H, I have sketched a ground-plan of the Cli,” 
showing its general arrangement. The stream referred to, and shown in 
the sketch, sweeps the foot of a rocky sandstone ledge, some 40 or 50 
feet in height, upon which is built the highest and better-preserved por- 
tion of the settlement. Its semicircular sweep conforms to the ledge ; 
each little house of the outer circle being built close uponits edge. Be- 
low the level of these upper houses some 10 or 12 feet, and within the 
semicircular sweep, were seven distinctly-marked depressions, each sepa- 
ratedfrom the other by rocky débris, the lower or first series probably of 
a small community-house. Upon either flank, and founded upon rosks, 
were buildings similar in size and in other respects to the large ones on 
the line above. As paced off, the upper or convex surface measured one 
hundred yards in length. Hach little apartment was small and narrow, 
averaging 6 feet in width and 8 feet in length, the walls being 18 inches 
in thickness. The stones of which the entire group was built were 
dressed to nearly uniform size and laid in mortar. A peculiar feature 
here was in the round corners, one at least appearing upon nearly every 
little house. They were turned with considerable care and skill; being 
two curves, all the corners were solidly bound together and resisted the 
destroying influences the longest. 
With this last our observations of these interesting relics came to an 

end. Our trip was short and rapid, and instituted in the first place, 
as I have said, for a quest of the picturesque, and we found it. Fora 
much more complete and faithful exposition of this interesting subject, 
the reader is referred to the series of views, a catalogue and descriptive 
list of which will be found appended. 

It does not seem worth while for me to advance any theories, or to spec- 
ulate either upon the age of these ruins or of the ancestry of the builders. 
The subject is fraught with exceeding great interest, and there is much 
yet to learn and to discover; for the field of their operations is, as yet, 
but partially explored. In New Mexico and Arizona, the whole country 
iscovered with somewhat similar remains, that have been described again 
and again, from the early part of the sixteenth century, when Vaca saw 
many of them occupied, down to the present day; while over in Utah, 
upon the great plateau bordering the cafions of the Colorado, are many 
other groups, spoken of by Powell and Newberry, which resemble more 
closely these I have described than those to the south. I have not been 
able to find any published record of the cliff-houses and towers of Colo- 
rado, or, for that matter, of any of the others. In 1859, an expedition 
under Captain Macomb passed both the head and the anouth of the Rio 
Mancos, and must have seen many ruins similar tothe ones I have spoken 
of. The older forms, out on the open land, were so abundant, that any 
traveler would notice them; but those hid away in the cafions, I-can 
safely assert, have been seen by very few eyes, indeed, of the present 
time. 

I cannot close without extending thanks to Captain John Moss, of La 
Plata, our volunteer guide, who accompanied us over the route compris- 
ing the ruins. To his accurate knowledge of their locality, and the best 
way to reach them, as well as of the language of the Indians, is due 
much of the success of the trip; for it enabled us to make every day 
count, and no false moves. 



DESCRIPTION OF THE ACCOMPANYING PLATES. 



PLATE I. 

Fig. 1. Ground-plan of round tower in the cafion of the Rio Mancos, consisting of two cir- 
cular walls, with the intervening space divided into separate apartments. See page 22. 

Figs.2 and 3. Tower adjoining a rectangular foundation in the lower canon of the Rio 
Mancos. See page 24. 

Fig. 4. A portion of the doorway and one corner of a carefully-built house. Height of door- 
way 6 feet. Mancos Canon. See page 25. 

Fig. 5. Cliff-house in the rocks of Mancos Canon at Rattlesnake Bend, 100 feet above the 
level of the bottom of the canon. See page 23. 

Fig. 6. Inscriptions upon the walls of the canon near the above. Page 23. 
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PLATE II. 

Fig. 7. Cliff-house, in the face of a bluff 1,000 feet in height, 800 feet above the ground, 
near the lower end of the canon of the Mancos. See page 24. 

Fig.8. Showing the tenacity of the cementing material of these people. Time has rent 
asunder the rocks upon which this house stood, but each portion still remains firmly at- 
tached to its foundation. (Mancos Canon, page 23.) 

Fig. 9. A square tower upon the summit of an isolated rock, in the valley of the McHlmo, 
Utah. Page 27. 

Fig. 10. An isolated rock in the valley of the McElmo, covered with ruined houses and 
walls. A Moquis tradition says that there, in ages past, their ancestors made their last 
stand against the northern barbarians before retreating to their present villages. See 
age 28. 

ea 1. Ground-plan of an extended series of houses, one hundred yards in length, arranged 
upon a rocky bluff, in the valley of the Hovenweep, Utah. See page 30. 
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PLATE III. 

Fig. 12. A two-story house in the crevices of the escarpment of the Mancos Canon, 800 feet 
vertically above the stream at its base. This house is remarkable, not only upon account 
of its position, but in having walls of carefully-built and accurately-dressed stone, and the 
inside surfaces plastered, and painted in two colors, red center with white margin, For 
description, see page 20. 

Fig. 13. A general view of the canon of the Rio Mancos near its outlet from the Mesa Verde. 
The table-lands upon either hand vary from 500 to 1,000 feet in height, and it is in the 
darkly-shaded lines in the upper half of the high bluff on the right that the little houses 
are found, as shown in Figs. 5,7,and 12. See page 24. 

Fig. 14. A view of the ruined village, in the valley of the Hovenweep, Utah, of which Fig. 
11 is a ground-plan, See page 30. 
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A LIST OF THE PHOTOGRAPHS ILLUSTRATING THE RUINS IN SOUTH- 
WESTERN COLORADO AND UTAH, 

5 xX 8. 

No. 156. Cliff-house, in the canon of the Mancos; same as that in Fig. 12. See page 20. 
No. 157. Cliff-house, near the above and described on page 22 of the preceding article. 
No. 158. A portion of the walls of the round tower in bottom of the canon of the Mancos. 

Page 22. 
No. 159. A bluff 1,000 feet in height, upon the face of which are small houses, one being 

shown in Fig. 7. Page 24. 
No. 160. Table-lands bordering Mancos Canon, ranging from 500 to 1,000 feet in height, 

upon the escarpment of which are the houses of Nos. 156, 157, &c. Page 24. 
Nos. 161 and 162. Ruins at Aztec Springs, of walls of great thickness, massive houses and 

reservoirs, and showing the western face of the Mesa Verde, described on page 26. 
No. 163. A ruined tower, surrounded by extensive remains of other buildings, at the head of 

the McElmo. Ute Mountain in the distance lies across the boundary-line between Colo- 
rado and Utah. See page 27. . 

Nos. 164 and 165. A front and back view of the legendary rock in the valley of the McE]mo, 
Utah, showing the walls built upon its face and the walls surrounding it. See page28 
for description. 

Nos. 166 and 167. Cliff-houses, in the face of a low sandstone bluff, half a mile back of the 
* legendary rock. 
No. 168. The watch tower, upon the summit of a great rock close to the edge of the mesa, 

overlooking the valley beneath. See page 29. 
Nos. 169 and 170. Ruined village in the valley of the Hovenweep, Utah; view from across 

the little stream, at its outer or bluff face, and— 
Nos. 171 and 172. Views, looking inside; the first a general view, and the last close to, and 

showing more detail, for a description of which see page 30. : 

STEREOSCOPIC. 

Nos. 795 and 796. Two-story cliff-house of the Rio Mancos. 
No. 797. Ruined cliff-house, near the above. 
No. 798. Ruined tower in the Caiion of the Mancos. 
No. 799. Great wall in the Mancos Cafion, upon the face of which are the cliff-houses. 
Nos. 800, 801 and 802. Ruined tower at the head of the McE]mo. 
Nos. 803 and 804. The legendary rock, in the valley of the McE)mo, Utah. 
No. 805. Ruins in the rear of the legendary rock. 
No. 806. Cave-house, valley of the McElmo. 
No. 807. Curious weathering of the bluffs near the cave-houses. 
No. 808. Watch-tower, valley of the McElmo. 
No. 809. Ruins on the Hovenweep, view from the front. 
Nos. 810 and 811. Ruins on the Hovenweep, view of the interior, 



NOTE ON SOME FOSSILS FROM NEAR THE EASTERN BASE OF 
THE ROCKY MOUNTAINS, WEST OF GREELEY AND EVANS, 
COLORADO, AND OTHERS FROM ABOUT TWO HUNDRED 
MILES FARTHER EASTWARD, WITH DESCRIPTIONS OF A 
FEW NEW SPECIES. 

By F. B. Mex, PaLaONTOLOGIST. 

The fossils collected during the past sammer on Cache La Poudre 
River, six to ten miles west of Greeley; from five miles below Platte- 
ville, on Platte River; from four miles west of Evans, on Thompson 
River; and at the junction of Little and Big Thompson Rivers, some 
three or four miles farther westward, are all so obviously from the same 
horizon, and the localities are so near each other, that they may be all 
noticed together. In the first place, however, the following list of the 
species collected at these localities will be given: 

. Halymenites. 

. Avicula (Oxytoma) Nebrascana, EB. & 8. 

. Nucula cancellata, M. & H. 

. Nucula planimarginata, M. &. Hi. 
Yoldia Evansi, M. &. H. 

. Veniella humilis, M. & H. 

. Tancredia Americana, M. & H.* 

. Spheriola? obliqua, sp.n. (See end of this note.) 

. Cardium speciosum, M. & H.* 
10. Tellina seitula, M. & H. 
11. Mactra Warrenana, M. & H. 
12. Mactra formosa, M. & H.* 
13. Mactra alta, M.& A.* 
14. Mactra gracilis, M. & H., with several other undetermined bivalves. 
15. Dentalium. 
16. Cylichna scitula, M. & H. 
17. Lunatia Moreauensis, M. & H. 
18. Piestocheilus Scarboroughi, M. & H. 
19. Anchura. 
20. Ammonites lobatus, Tuomey. 

CHAAR WH 

This group of species, coming, as the specimens evidently did, all from 
the same horizon, is of some interest, because it gives us the first clew 
we have had in regard to the exact position in the Cretaceous section of 
a rock at the mouth of Judith River, on the Upper Missouri, with rela- 
tion to the other subdivisions of this series there.* 

The rock alluded to has not yet been recognized at any other locality 
in the Upper Missouri country than that mentioned ; and as it does not 
there occur, so far as known, in association with any of the other beds 
belonging to well-determined horizons of the Cretaceous of that region, 

*I do not allude here to the brackish-water beds at that locality, in regard to the 
exact age of which there have been some doubts, but to a well-defined Cretaceous 
rock, containing Baculites, Inoceramus, and other Cretaceous types of fossils. 




