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FORTY-THIRD CONGRESS, FIRST SESSION. 

CHAPTER 455. 

Be it enncfed by flte Senate and House of Rep1·esentati1:es of the United Slates of America in Congretls 
assembled, That the fol1owing sums be, and the same are hereby, appropriated, for the objects hereinafter 
expressed, for the fiscal year ending June thirtieth, eighteen hundred and seventy-five, namely: 

~ * • . ~ * * ~ 

1:-.or engraving and printing the plates illustrating the report of the geographical aml geological 
explorations and surveys west of the one hundredth meridian, to be published in quarto form, the 
printing and binding to bo done at tile Government Printing-Office, twenty-five thousand thousand. 

* • • • • • 
Approved June ~:1, 1H74. 

FORTY-THIRD CONG~ESS, SECOND SES~ION. 

CIIAPTER 76. 

Be it enacted by the Senate and Honse of Rep1·cstmtatives of the U.nited States of America in Congress 
assembled, That the act entitled "An act making appropriations for sund:r'y civil expenses of the Govern­
ment for the fiscal year ending June thirtieth, eighteen hundred and seventy-five, and for other pur­
poses," approved June twenty-third, eighteen hundred aml seventy-four, be, and the same is hereby 
amended by adding to the clause of said act relating to tl1e engraving and printing of the plates illus­
trating the report of the geographical and geological explorations and surveys west of the one hun­
dredth meridian, the following words: and "that two thousand copies of the report shall be printed by 
the Congressional Printer," after substituting the word" dollars" in lieu of the concluding word of said 
clause. 

Approved February 15, 1875. 

FORTY-FOURTH CONGRESS, FIRST ~ESSION. 

"Mr. V .ANCE1 of Ohio, from the Comruittee on Printing, reported the following resolution; which 
was read, considered1 and adopted: 

"Resolved by the House of Rfp1·esentafit·e~, (the Renate concurring,) That the following distribution 
shall be made of the reports of the United States geographical surveys west of the one hundredth 
meridian, published in accordance with acts approved June 23, 1874, and February 15, 1875, as the several 
volumes are issued from the Government Printing-Office, to wit: Nine hundred and fifty copies of each 
to the House of Representatives, two hundred and fifty copies of each to the Senate, and eight hundred 
copies of each to the "\Var Department for its uses." 

March 29, 1876. (See Congressional Record, vol. 4, part 3;· p. 2037.) 
Agreed to by the Senate May 4, 187(j, (See Congressional Record, vol. 4, part 3, p. 2969.) 

It 



ER~AT~ PART I~ VOL I~ 

Page 73, sixth line from bottom, for "Prototomus" read Stypolophus. 
Page 262, third line from bottom, the name ''vasacciense '' is to be removed to the end of the fourth 

line from the bottom, immediately below the name "angnstidens "· In explanation of Plate XXXVII, first 
line, for " plate XV" read XXXVI. 

Plate LXXX. The interruption in the spongy tissue seen in the section of the horn of Dicrocents fur­
catus, fig. 7, is due to a slight concavity of the external surface, so that the section reaches the dense 
tissue at that point. 

Plate LXXXIII. At the end of name, Coryphollon elephantO]ntB, at the bottom of the plate, for % 
read t. 



NOTE. 

Seven volumes, accompanied by one topographical and one geological 
atlas, embrace reports of Geographical Surveys West of the One hundredth 
Meridian, as follo·ws : 

Volume I.-Geographical Report. 
Volume !I.-Astronomy and Barometric Hypsometry. 

tt 

Volume Ill-Geology and Mineralogy. 
Volume IV.-Paleontology. 
V olun1e V.-Zoology. 
Volume VI-Botany. 
Volume VII. Ethnology, Philology, and Ruins. 

The Topographical Atlas edition, consisting of Title-Page, Legend, and 
Conventional Signs Sheets, Indext Progress and Basin lVfaps, and Sheets 
Nos. 49, 50, 57, 58, 59, 65, 66, 67, 75, 76, 83, 61 (B), 69 (I)), 61 (C), G1 (C 
sub), have been issued at date of sending forward the MS. of this vohune. 
Other sheets will follo·w as rapidly as they can be prepared, engraved, and 
printed. 

Sheets 61 (B), 61 (0.), and 69 (D) are projected· upon a scale of 1 inch 
t<;> 4 miles, while the scale of 1 inch to 2 miles has been used for Sheet 61 (0 
sub), the latter embracing a part of the San J uari Mining Region, South­
western Colorado. 

Geological sheets, supplementing Volume III, based upon the topo­
graphicaf'results, are in an advanced stage of completion. 

III 





LETTER OF TRANSMITTAL. 

UNI'l'ED STATES ENGINEER OFFICE, 

GEOGRAPHICAL ExPLORATIONS AND SuRVEYS 
WEST OF THE ONE HUNDREDTH MERIDIAN, 

Washington, D. C., December 15, 1875. 

GENERAL: I have the honor_ to submit herewith a report, in two parts, 
upon the paleontological resu~ts arising from the collections and examina­
tions made during the years.1871, 1872, 1873,_ 1874, and -1875, in connec­

tion with geographical explorations and surveys west of the one hundredth 

meridian, for publication as Volume IV of the reports authorized by acts 
of Congress approved June 2J, 1874, and February 15, 1875. 

Part I is by Dr. C. A. White, on the collection of invertebrate fossils, 
numbering one hundred and eighty-t~ree distinct species, of ·which fifty 

are new to science. 
A preliminary report, with descriptions of new species, by the same 

author, was, with your sanction, published in December, 187 4, the sub­
l:ltance of which is .en1bodied in the present volume. 

The attainments· and the experience of Dr. White in this branch of 
science are a guarantee that his work has been well done. 

Part II is comprised of a similar treatment of the vertebrate fossil col­
lections, by Prof. E. D. Cope, who has given to this subject years of study. 
Professor Cope ·was connected with the expedition dtuing the season of 
187 4, in which he made collections himself, and, in addition, was enabl~d to 
pros~cute geological researches. A portion cf his results were published in 
preliminary form in a "Report upon the Vertebrate Fossils discovered in 
New 1\iexico, wit~ description of new Species,'' November 28, 1R74; and a 
"Systematic Catalogue of the Vertebrata of the Eocene of New Mexico, · 
collected in 1874," April17, 1875. His geological deductions appear in my 
annual report, Appendix LL, Annual Report of the Chief of Engineers, 187G, 

v 



VI LETTER OF TRANSl\IITTAL. 

Several members of the expedition not engaged upon paleontological 

work have made collections of interesting specimens, evincing a hearty 
co-operation in this as well as other allied branches of the survey. 

The whole number of specimens have become the property of the War 
Department, and will be carefully preserved. 

The plates illustrating the invertebrate fossils were drawn by Mrs. I-I. 

M. l\fartin, of Albany, N. Y., and engraved and print~d' by Julius Bien, of 
New York City. The vertebrate-fossil plates have been prepared from the 
natural objects, engraYed and printed by Messrs. Thomas Sinclair & Son, 
of Philadelphia. 

A merited recognition is hereby tendered to all those who have con­
tributed to the results as shown by this report. 

Very respectfully, your obedient servant, 

Brig .. Gen. A. A. HuMPHREYS, 

GEo. M. WiiEELER, 

Lieutenant of Engineers, in charge. 

Chief of Engineers, United States Army. 
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LE'rTER OF TRANSMISSION. 

UNITED STATES ENGINEER 0PFICE, 

GEOGRAPHICAL ExPLORATIONS AND· SuRVEYS 

WEsT OF THE ONE HuNDREDTH MERIDIAN, 

Washington, D .. C., June 10, 1875. 

SIR: I have the honor herewith to transmit my final report upon the 
invertebrate fossils collected by the exploring parties under your command 

during the years 1871, 1872, and 1H73.* 

The collections_ were placed in my hands in July, 187 4, * and I at once 

commenced a critical examination of them, followed by the ~ork of pre­

paring the whole for publication; which work I hav~ ·continued uninterrupt­
edly to the present time. A preliminary investigation of these collections 
showed that quite a large proportion of the species were new to science, 

and, for the purpose of securing to your expedition due credit for priority of 

discovery, I wrote out descriptions of the new species then recognized, ·and 
sent them to your office, with the request that they be immediately published, 

for the purpose of securing the object named. This publication was made 

from the Government Printing-Offioe in December, 1874, and is the one 

referred to in the synonymy accompanying a republication of those species 

in this final report, together with additions and illustrations. Another object 

of this preliminv.ry publication was the announcement of important geological 
conclusions froni paleontological evidence. Among the most interesting of. 

these may be mentioned the distinct recognition of the fauna of the Canadian 

period in Nevada and Utah ; that of the Trenton period in Utah and New 

Mexico; and that of the Subcarboniferous period in Arizona, Nevada, and 

Utah. 
Besides the new species described in the preliminary report, a full 

*Collections of 1874 have sinco been placed in my hands for investigation, and the results have 
been incorporated into the following report.. · 

3 



4 l..ET'rER OF TRANSl\IISSION. 

examination of the collections has shown that a few others are also new. 
Descriptions of these forrn a part of the present report, with which they wr 
be published for the first time. The whole number of species recognized in 
the collections and described or noticed in this report is one hundred and 
eighty-two, of which fifty species were new. 

As I have not been personally engaged in any of the field-explorations, 
my report is necessarily a paleontological one only, confined to a zoological 
description and classification of the invertebrate fossils, a reference of them 
to geological periods already well established, and a discussion of the char­
acter of the evidence afforded by the fossils upon which such reference is 
made. 

My especial acknowledgments are due to those able paleontologists, 
Messrs. F. B. Meek and R. P. Whitfield, for generous counsel and assistance, 
and to Prof. Joseph Henry, Secretary of the Smithsonian Institution, for 
extending to me freely all the facilities possessed by that Institution to aid 
me in the work. 

I am, sir, your obedient servant, 

First Lieut .. GEo. M. WHEELER, 
Corps of Engineers, U. 8. Army, 

C. A. WHITE. 

In Charge of Geographical Explorations and 

Surveys West of the One Hundredth Meridian. 



GENEH.t,\L OBSEH. V A'riONS. 5 

GENEilAL OBSERVATIONS UPON 1'HE COLLECTIONS AND 
THE PERIODS THEY REPRESENT. 

The critical investigation of fossils collected in newly-explored regions, 
distant from those in which the stratigraphical relations of the rocks have 
been accurately determined, especially if the relative position of the strata 
of those regions has been obscured by disturbance, it is often difficult and 
sometimes impracticable to assign each collection to its proper geological 
horizon. The difficulty is greatly increased to the paleontologist if he n1ust 
prepare his report before those of the field-geologists are available, or if he 
has not himself visited the regions in question and obtained by personal 
observation a knowledge of the strata and their relative positions. 

rrhis difficulty has been met in the present instance, so far as any person 

could do it, by Mr. G. K. Gilbert, geologist of the expedition, by whose 
patient and clear oral and epistolary explanations I have greatly profited. 
If the collections were abundant in every case, it would be a comparatively 
easy task to assign them to their proper horizons; but it is often necessary 
to Inake some such assignment of a meager and uncharacteristic collection, 
or to pass it by in silence. This alternative has been presented to me in 
some instances by the collections that forn1 the basis of this report; and I 
have chosen to make some assignment of then1 in all cases according to the 
best evidence presented, indicating at the same time such doubts as I have 
entertained. 

The accon1panying table of the subdivisions of geological time, which 
are more or less fan1iliar to American geolog~sts, is introduced here for the 
pl.upose of showing at a glance what periods and epochs are represented by 
the fossils of the collections, as well as the relative positions of the strata 
from which they were obtained. The names of the periods are those used 
by Dana in his new Manual of Geology (1874), and will be found to differ 
slightly fi·on1 those forn1erly in use. 
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Table of the subdivisions of geological time. 

AGES. I 
PERIODS. EPOCHS. 

PLIOCENE. 

«Jenozoic. • *TERTIARY. MIOCENE. 

EOCENE. 

*CRETACEOUS. 

lllesozoic. *JURASSIC. 

TRIASSIC. 

?*PERMIAN. 

Upper Coal-Measures. 
*CARBONIFEROUS, OR 

Middle Coal-Measures. 
COAL-MEASURES. 

Lower Coal-Measures. 

" Chester Limestone. «JarboniCea·ous. 
I Saint Louis Limestone. 

I * SUBCARBONIFEROUS. Keokuk Limestone. 

I 

I 
Burlington Limestone. 

I 
I * Kinderhook Group. 

CATSKILL. I 
CHEMUNG. I Devonian. 

I HAMILTON. 

CORNIFEROUS. I I 

ORISKANY. 

LOWER HELDERBERG. 
tipper Silurian. 

SALINA. 

NIAGARA. 

* Cincinnati. 

*TRENTON. ?*Utica. 

Trenton. 

Lowei' Silurian. 
Chazy. 

-
*CANADIAN. *Quebec. 

Calciferous. 

*Potsdam. 
* PRIMORDIAL. 

Acadian. 

ARCJHJEAN. 
--- -------- __ _. _______ ----

• The presence of the asterisk indicates that the period or epoch, as the case may be, is represented by fossils in the collections. 
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LOWER SILURIAN. 

The Lower Silurian age is represented in these collections by fossils 

referable to all three of its periods, namely, the Primordial, Canadian, and 
Trenton. 

PlUMOHDIAL PERIOD. 

The collections contain fossils of the Primordial period that · 'vere 
obtained in Western Utah, Southeastern Nevada, and Western Ari,~ona, all 
of which· ar~ prohably referable to the Potsdam epoch of that period. The 
most conspicuous feature of the fauna of the period, as represented by these 
collections, consists in the preponderance of the Articulate over all other 
forms of life, and which is represented by Trilobites alone, with the probable 
exception of the tracks described on a subsequent page. This apparent 
preponderance, however, is likely to be greatly modified by future discov­
enes. 

rrhe genera of Trilobit~ which these localities have afforded are 
Olen.ell-us, Con~coryphe, .Agnostus, and Asaphiscus; the latter being a ne·w 
genus, recently proposed by Mr. F. B. Meek, probably allied with the 
Asaphidce, while the others, as well" as tl).e geological horizon they are 
understood to characterize, are well known. 

The discovery of two species of OleneUus at Pioche, Nev., is especially 
irnportant and interesting, since that genus has hitherto been regarded as 
distinctively characteristic of a well-defined Primordial horizon in America. 
The interesting nature of the discovery is increased by the fact that, in their 
general characteristics, these two Nevada species of Olenellu.s respectively 
represent two other well-known species of that genus similarly associated 
in strata of the same period in Vermont and Canada. While all the other 
strata herein referred to the Primordial period have been so referred almost 
'vholly upon paleontological evidence, the Tonto shale of the Grand Canon 
of the Colorado River has been referred to that period by the geologists of 
the expedition largely upon stratigraphical evidence. The only indications 
of life that these last-named strata have afforded to the collections consist 
of two species of Cruziana, besides the tracks that have just been referred to 
It is true that the presence of Cruziana in thos.e strata does not prove their 
Prhnordial age; but., as such forn1s are rarely found in strata of other periods, 
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they may be regarded as adding considerable weight to the conclusions 

dra·wn by the field-geologists from other data. As these plants were the 

only recognizable species furnished by those strata, holding as they do so 
important a stratigraphical position, I have added descriptions of them to 

the others, although it 'vas originally proposed that this report should be 
·confined to invertebrate fossils alone. The existence of strata of the 

Primordial period at several localities in the Rocky l\f ountain region has 

been heretofore announced by different explorers ; but the discoveries made 

by the Explorations West of the One hundredth Meridian constitute a mate­
rial addition to our knowledge of the rocks of that period in the western 

part of the continent. 

CANADIAN PERIOD. 

Small collections made at a few localities in the House range, Western 

Utah, and in the Schell Creek range, Southeastern Nevada, I have refen·ed 

to the Canadian period. The collections are not only small, but they com­

priRe in all only twelve species. .A part of these, however, are regarded a~ 
quite characteristic of the Quebec epoch of that period, to which I have 
assigned them ·with very little hef.\itation. Small as they are, these collec­
tions present a much greater zoological diversity than those of the Prinior­
dial period do, and there is not among them that preponderance of one 
zoological type over the others that has been mentioned as occurring among 
the collections of Primordial fossils, ·which consist very largely of Trilobites. 
The subkingdoms Protozoa, Radiata, JJ.follusca, and Articulata are all rep­

resented among the fossils referred to the Canadian period ; the species and 
higher groups to which they belong being compactly shown in the syste­
niatic table on a following page. Among the more important of t4e char­
acteristic forms of this period contained in the collections, the species of 
Phyllograptus deserves especial notice as being the first species of the genus 
yet discovered in the Rocky Mountain region, and also because the genus 
is regarded as peculiar! y characteristic of the Que bee epoch. The discovery 
of strata of this period in Nevada and Utah is in1portant from the fact that, 
with the exception of Professor Bradley's discovery in Idaho, their existence 
throughout the great Rocky ~Iountain region was heretofore unkno,vn. 
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rrhe discovery derives additional interest also from the fact that the period as 

such, and as distinct from the Primordial on the one hand and the Trenton 

on the ~ther, has not, until lately, been fully recognized. 
So far as known to me, neither the Calciferous nor Chazy formation of 

this period has been recognized in connection with the Que bee strata referred 

to, nor indeed anywhere in the Rocky Mountain region. It is too early to 

say or suggest what bearing this fact may have upon the opinion under­
stood to be entertained by the Canadian geologists that the Quebec strata 

are deep-sea representatives of those of the Calciferous and Chazy forma­
tions. 

TRI!~NTON PERIOD. 

The locali~ies at whieh fossils belonging unquestionably to the Trenton 
period have been collected are Silver City and Upper l\1imbres Mining 

Can1p, N. J\rlex. A few other species have been collected at other localitie~ 
in Arizona and Nevada, which localities are more specifically designated in 
connection with descriptions of the species on following pages. These 

species I have also referred to the Trenton period, but the intrinsic evidence 
they afford as to their stratigraphical position is not so entirely satisfactory 
as that presented by the collections from the two first-named localities. 

Besides all these, four species of Graptolites were collected from partially 
n1etamorphosed shale near Belmont, Nev. No other fossils were found 
associated with the Graptolites that might aid in indicating their exact strat­
igraphical position; but I have referred them provisionally to the sa1ne 
period with those already mentioned. 

As regards the epochs of the Trenton period to which the fossils of 
these localities respectively belong, those from Silver City and Upper 
Mimbres 1\-fining Camp are referred without hesitation to the Cincinnati 
epoch. This is done not only because of the general silnilarity of faunal 

characteristics, but also because of the identification of four species from 
the strata there that are characteristic ones of the strata of that epoch at 
the typical localities. 'l'he four species referred to are Favistella stellata 
Hall, Strophomena jilitexta Hall, Orthis biforata Schlotheim (var. lynx), and 
0. occiclentalis Hall. 
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Associated with these, there ar.e sop1e other species that, if not identi­

cal with associates of those species just named elsewhere, are very closely 
allied to them. Indeed, it is worthy of remark that there is so large a pro­
portion of the species here referred to the Trenton period that are very 
closely allied to well-known species, and yet present such minor differences 

from typical forms, that I l1ave felt obliged to append an interrogation-point 
to the names of the species I have referred them to. The Graptolites prob­
ably belong to the Utica epoch of the rrrenton period, and I have rnade 
that provisional assignment of them. 

Two of the Nevada species, Graptolitltus ramulus White and G. hypni-

formis vVhite are allied to two species, G. ramosus IIaU and G. Wltitjieldi 

I-Iall, that are found in the shales at Norman's !{ill near Albany, N. Y., the 
exact stratigraphical position of which shales bas hitherto been in doubt. 
One, G. pristis Hall~ (not Risinger), is apparently identical with a species 
from the Utica slate of New York; the other Nevada species is probably 
identical.with G. quadrimucronatus I-Iall, the type-specimens of which were 
obtained from strata of the Utica epoch near Lake Saint John in Canada. 
While the exact stratigraphical position of the shales at Norman's !(ill has 
not yet been demonstrated, the strata referred to at Lake Saint John are, 
upon published evidence, referred without hesitation to the Utica epoch. I 
am not aware that any species found in strata of that epoch at the last­
named or at any other locality are identical with any found at ~ orman's . 
!{ill; but the relations of our Nevada species of Graptolites are very close 
with some of those found at both of the eastern localities just n1entioned. It 
does not seem improbable, therefore, that this far western locality may be 
found to furnish important evidence of the equivalency of the strata at 
Norman's !{ill with the Utica slate. (See note at end of chapter.) 

It is not unfrequently the case that Graptolites constitute the only 
organic ren1ains found in shales of Silurian age. This is doubtless due to 
the fact that the physical conditions of the sea, in ·which that kind of sedi­
mentary ~aterial which now constitutes the shale was deposited, ·were favor­
able to the existence of such forms of life, and at the same time n1ade the 
habitat an uncongenial one for other forms. The fact, therefore, that the 
Belmont shales have furnished ali11ost no other fossils besides Graptolites is 
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not rmuarkable ; but it is worthy of remark that the collections from Silver 

City and Upper l\1imbres Mining Camp, with the exception of one Conchi­
fer, contain only arthropomatous Brachiopods and corals; the molluscan 

·classes Polyzoa, Gasteropoda, and Cephalopoda., and the whole subkingdom 
Articulata, being unrepresented.· The corals belong to families common in 
strata of that age, namely, Favositidce, Oyathophyllidre, and Thecidce; but the 
Brachiopods, with the exception of one, Rhynchonella, all belong to the family. 
Strophomenidce. 

Peculiar interest attaches to this discovery of strata of the Trenton 
period in New Mexico, Nevada, and Arizona, as well as to the discoveries 
concerning the other Lower Si.lurian periods, from the fact that so little has 
hitherto been known of their existence in that part of North An1erica. 
Indeed, with the exception of the discovery of strata of this period by 
Jenney in Western Texas, and that of a similar one by ·Dr. G. G. Shumard 

in Southern· New Mexico, I am not aware that the existence of any besides 
those here announced has been recognized in that part. of the continent. 

UPPER SILURIAN. 

The collections contain no fossils of Upper Silurian age, nor has the 
existence of any strata of that age in the region over which the explorations 
have extended been ascertained, as far as I am aware. 

DEVONIAN. 

Among the collections are a few fossils, the locality for w~ich is given 
as "betwe~n San Antonio and Silver Peak, Nevada." 

All of them are too imperfect for satisfactory specific description ; ·but, 
judging from their general characters, they seem to be of Devonian age. 
The genera, so far· as they are recognizable, are Favosites, .A.cervularia?, and 
Zaphrentis. There are also some fragments, probably of Atrypa reticularis, 
and part of an undetermined Trilobite. 

CARBONIFEROUS. 

Nearly half of all the species contained in the collections are referable 
to the Carboniferous ~ge, mainly to its middle period Among them are 
some very characteristic fossils of the Subcarboniferous period; but the 

Permian has only doubtful representation. 
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SUBCARBONIFEROUS PERIOD. 

The physical conditions that prevailed during the Subcarboniferous 

period over what is now the North American continent were quite various; 

hnt the rocks of the period possess general distinctive characters in their 
fossil fauna, by means of which they may be separated with little difficulty 

from those of the next succeeding period. It is in the valley of the ~fissis­

sippi that they are most characteristically developed, and where five distinct 

fonnations, marking as many epochs, are found. The nan1es of these for­

Illations in the ascending order arc the l(inderhook group, Burlington linw­
stone, l(eokuk li1nestonc, Saint Louis lin1estone, and Chester lhnestone. 

Each formation has its own characteristic fauna; but through all of them a 

few species are continuous, even into the strata of the next period, the Car­

boniferous. Taking these Subcarboniferous formations together as the stand­
ard for the group, it has been found more or less difficult to recognize their 

respective equi~alents among the rocks of the same period, either eastward 

or southward fro1n that region, or, at best, the order of succession is nowhere 
so well shown as it is in the region referred to. In the Rocky l\fonntain region, 

it has been found that there is, at many localities, a greater or less n1ingling 
of Subcarboniferous with Carboniferous types; but at quite a number of 
localities, collections have been made that are regarded as distinctively Sub­

carboniferous. Only a very few of these collections, however, exhibit a fauna 
dearly referable to any particular one of the formations of the period that 
have just been named. Perhaps the most remarkable of the collections of 
this character is the one made by Professor Bradley in Idaho, the fossils of 

'vhich Mr. Meek has found to be strikingly characteristic of the Saint Louis 
limestone as developed in some parts of Indiana. 

The collections of the expedition contain fossils from only three loca1i­

ties that I have definitely referred to the Subcarboniferous period. These 
localities are 1\Iountain ~pring, Old Mormon road, N ovada ; Ewell's Spring, 
Arizona (upper horizon); and a place below Ophir City, Utah. 'rho collec­

tion made at the first-named locality is the most characteristic and important 
one of all, and is referred to the horizon of the l(inderhook fonnation, to 
which horizon it is not improbable the ethers also belong. As tho recogni­
tion of di~tinct epochs of the Suhcarboniferou~ period in the Rocky ~.fountain 
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region is a matter of considerable importance, I give the following detailed 
statement of the relations of these fossils to tho typical fauna of the period, 
and especially to that of the epoch to which I have referred them. It is 
well known that in America several species of fossils are known to range 

through all the fornu1.tions of the Subcarboniferous into those of the Car­
boniferous period, especially into the limestones of the latter. The discovery 
of any of these species alone in any given strata ·would not, therefore, enable 
us to refer the strata containing thern to one of these periods rather than the 
other. On the other hand, certain genera occur in strata of each one of 
these periods that are not known to occur in the other, in which latter case 
the generic character becomes of greater value than the specific in the former. 
It is upon evidence of the latter kind that I have referred the fossils of the 
three localities named to the Subcarboniferous period. 

The following list contains the names of the genera represented in the 
collections fi·om those localities :- · 

Favosites. 
Granatocrinus. 

Platycrinus. 
Actinocrinus. 
Strophomena. 
Spirifer (Syringothyris type). 
Conocardium. 

Syringopora. 
Zaphrentis. 

Productus. 
Hemipronites. 
Orthis. 
Spirigera. 
Spirifer ( Trigonotreta type). 
Terebratula ( Dielasma). 
Enomphalus. 

Those genera of the left-hand column are not known to occur in strata 
of later date than the Subcarboniferous, while those of the right-hand column 
are known to range both above and below it. The generic value of the 
latter genera in this case is only to add weight to the evidence afforded by 
the others, -which is of itself, however, very decisive. Here are seven genera, 
that are known to occur in Subcarboniferous strata elsewhere, but are 
known in no strata of later date; and as they are found at the localities 
named associated with types peculiar to the Carboniferous age,.the propriety 
of referring the species which represent those genera in the collections to the 
Subcarboniferous period seems unquestionable. · 
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Although I entertain no doubt of the Subcarboniferous age of the fossils 

f1:01n the locality below Ophir City and the one at Ewell's Spring (upper 
horizon), I am not able to assign them definitely to either of the epochs of 

that period that are represented by the formations before nan1ed in the 
•Mississippi Valley and elsewhere to the eastward of th~t region. The case 

is far different, ho·wever, with the collection from the Mountain Spring 
locality, which I refer without hesitation to the Kinderhook group. 

'I'his reference is made in consequence of the identification of no less 
than five of the species known to exist in rocks of that epoch in the States 
of the great valley and eastward. The following is a list of those species, 
together with the localities that furnished either the types or authentic speci­
mens:-

Strophomena rhomboidalis Wilckins.-I(inderhook group, Burlington, 
Iowa. 

Spirifer (Martinia) peculiaris Shumard.-Kinderhook group, Missouri 
and Iowa. 

Spirifer centronata Winchell.--Waverly sandstone, Cuyahoga Falls, 

Ohio. 
Spirifer (Syringothyris) extenuatus Hall.-I(inderhook group, Iowa and 

Missouri. 
Terebratula (Dielasma) Burlingtonensis.-l(inderhook group, Burlington, 

Iowa. 
Associated with these and other species at Mountain Spring, there is a 

small Productus that I have identified with P. parvus Meek and Worthen, 
the type-specimens of which were ~btained from the Chester limestone 
of Illinois. This might seem to throw some doubt upon the proper identi­
fication of the strata at Mountain Spring with the l(inderhook group, were it 
not for the fact that other species' of Productus. are known to range through 
the whole Carboniferous series. Indeed, more species of this genus are 
known to have this great range than of all other genera of invertebrates put 
together. 

It is a well-known fact that crinoidal life was eminently characteristic 
of the Subcarboniferous period; but, in the Mississippi Valley, it is the Bur-
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lington and Keokuk limestones that are more especially characterized by a 

great preponderance of these forms. Although some crinoidal remains exist 
in those Su bcarboniferous strata that have been discovered in the Rocky 

Mountain 1~~gion, in none of them have they been found in so great profu­
sion as they exist in the two forn1ations in the Mississippi Valley that have 
just been named. In this respect, the collections from those western locali­
ties accord more nearly in faunal characteristics with the other three forrna­
tions of the Mississippi Valley series. 

It could not be expected that collections of Subcarboniferous fossils so 
meager as those made by the expedition are should afford any very com­
plete _indication of the relative prevalence in that region of the different 
forn1s of J!larine life of the period; but it may be well to note that they con­

tain no remains of fishes, no Articulates, and no Cephalopods, arthropoma­

tous Brachiopods being the prevailing forms. Such deficiencies as those 
noticed are, however, not uncommon in much larger collections from typical 

Subcarboniferous strata. 
CARBONIFEROUS PERIOD. 

The accession, in the Carboniferous age, of the conditions necessary 
to the formation of coal was not simultaneous in all those parts of North 
America over which deposits of that age were made; nor were these con­
ditions sooner or later co-extensive with all parts of the area in which those 
deposits exist, not even with those of the Carboniferous, or so-called Coal­
Measure, period. It is also known that these conditions, even during the 
period of their greatest prevalence, occasionally ceased by shifting ·elsewhere, 
and were resumed again ; alte1;nating thus 'vith conditions similar to those 
that prevailed at the beginning of the age, before the first coal-deposits were 
formed.· In what are now portions of Pennsylvania, Virginia, ICentucky, 
and Indiana, these coal-making conditions began before the close of the 
Subcarboniferous period. Although their prevalence became general during 
the deposition, in the eastern half of North America, of the strata of the 
first and second epochs of the Carboniferous period, especially the first, the· 
strata of the third epoch of the last-named period are usually as destitute 
of coal as those of the Subca~boniferous period are. 

Indeed, the conditions that prevailed during the Upper Coal-Measure 
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epoch were essentially a repetition of those which prevailed during the 

Subcarboniferous period. Bearing this in mind, it is easy to understand 

that those species which are found in both Subcarboniferous and Carbonif­
erous strata may have roached the latter position 1nerely by continuous 

geographical distribution during the progress of the two periods. Geolo­
gists generally divide the strata of the Carboniferous period, in the eastern 
part of North .A .. merica, into Upper and Lower Coal-Measures; but, in Iowa 

and Missouri, they are more or less naturally .divided into three formations, 
as before indicated. vY estward from those States, the strata of the Carbo­
niferous period have not been separated into corresponding epochal divis­
ions, and are perhaps not capable of such separation. In the Hocky 
Mountain region, the strata of this period are widely distributed, and attain 
a very great thickness compared with that of those in the l\1ississippi Valley. 
'!,hose far western Carboniferous strata probably represent in the aggregate 

the whole Carboniferous period, but in their general lithological and pale­
ontological characters they are all much more nearly like the strata of the 
Upper Coal-Measures as developed in Iowa, Missouri, and Nebraska than 
they are like the Middle and Lower Coal-Measures. So far as known to 
me, no considerable deposit of coal has been found in any strata of the 
Carboniferous age in the Rocky Mountain region. The accession and 
cessation of the physical conditions necessarily attendant upon the forma­
tion of coal seem to have constituted the principal means of marking, in 
the accumulating strata, the epochal divisions of the period in Eastern 
North America. Those conditions of coal-making not having prevailed in 
the Far West, and, so far as known, the physical changes that occurred there 
during the period not being coincident with those farther eastward, its 
epochs were not there marked off in the same manne~. 

·The collections contain a greater number of species from strata of this 
period than from those of any other ; and they were also found more 
abundant than those of any one of the older periods that have just been 
noticed. 

Of the sixty-two species that have been described or noticed in this 
report and assigned to this period, one is a Rhizopod ; six, Actinozoa ; two, 
Echinodermata; three, Polyzoa; twenty-nine, arthropomatous Brachiopoda; 
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ten, mono1nyarian Conchifera ; two,. dimyaria~ Conchifera; six, Gaster­
opoda ; and three, Cephalop~da. The two species of _Echinodern1ata do 
not, however, correctly represent the relative prevalence of that class, 
because the geologists of the expedition report the presence of scattered 
joints of Crinoids at almost all the localities, but which, being of little value 
for classification, were not collected. Of these sixty-two species, thirty­
nine are n1ore or less frequently met with in strata of the Carboniferous 
period. in the States bordering upon the Mississippi River. 

Although the faunal characteristics of the period are so clearly and 
fully shown in the collections, the flora of the period, so abundant in the 
States eastward, has very slight representation among them. Indeed, the 
collection contains only a single specimen each of Sigillaria and Neuropteris; 

the former from White Pine, Nev., and the latter from Cedar Creek, 
Maricopa County, Ariz: 

PERMIAN PERIOD. 

The collections contain no fossils that I ol1ave definitely referred to the 
Pennian period. A few in1perfect specimens were collected from a porous, 
apparently magnesian, limestone, near Jacob's Pool, Arizona, which is prob­
ably at the very summit of the C~rboniferous series. One of the species 
only was satisfactorily recognized, and that is referred to Bakevellia parva 

l\1eek and I-Iayden. rrhe collections also contain specimens apparently 
identical with that species from strata near Camp vYingate, N. Mex. The 
strata are probably equivalent at the two localities. 

MESOZOIC. 

TRIASSIC PERIOD. 

So far as can be determined, none of the invertebrate fossils contained_ 
in the collections are properly referable to the Triassic period. 

JURASSIC P~RIOD. 

The collections contain only eight species in all that I have referred to 
the Jurassic period. All of these were nowhere found associated together 
in the smne strata; consequently the fauna of the period was nowhere found 

2 F 
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fully represented. The collections were 1nade at somewhat widely-separated 
localities in Nevada and lJtah. I have referred the species to the Jurassic 

period without hesitation in all cases 'vhere they "rere ~den tical, or associated 
with species hitherto described by Mr. ~leek, or Meek and Hayden, and 
referred by then1 to that period. With the exception of one crinoidal species, 
the fauna of the collections is wholly molluscan. 

CRETACEOUS PERIOD. 

Next to the Carboniferous period, the Cretaceous is represented in the 
collections by the greatest number of species. These were obtained at 
various points in New 1\Iexico, Utah, and Colorado. For want of available 
data, no attempt has been n1ade to refer then1 respectively to the different sub­
divisions of the Cretaceous group that have been recognized in Western 
North America by various geologists ; but they are all regarded as clearly 
referable to the Cretaceous period. Although individuals of most of the 
species are numerous, it is interesting to observe the restrictions of zoological 

diversity which the collections, consisting of thirty-two species, present. For 
example, the Protozoa and Radiata are entirely wanting; the Articulata rep­
resented by a single species of Serpula only; and all the ren1ainder are Mol­
lusca. Of these, the Molluscoidea are represented by a single species of 
Lingula; thirteen species <Ue monomyarian Conchifera ; five, dimyarian 
Conchifera ; nine, Gasteropoda; and four, Cephalopoda. 

CENOZOIC. 

TERTIARY PERIOD. 

The collections contain fifteen species frmn strata at different loealities 
in Utah that I have assigned to the Tertiary period, all of which, except one 

species of CypTis, are either fresh-water or land n1ollusks, mostly the former. 
Three species are Conchifera, and of the remaining eleven species five are 
puhnonate Gasteropods, an order that is not represented in any of the other 
collections. 

· If I were left tu rely upon the zoological types alone which the fossils 
of this s1nall collection present, I should have no hesitation in referring then1 
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nil to the Tertiary period. In view of the fact, however, that strata at some 
localities in that 'rerritory, containing a fauna as suggestive of the r_l'ertiary 

period as these fossils are, have been found to underlie strata containing 
true Cretaceous types, I prefer at present to regard the reference of at least 
the greater part of them to the Tertiary period as provisional. 

NOTI~.-After writing the foregoing, I learned that my friend, Mr. R. P. Whitfield, the well-known 
paleontologist, had been making some special studies of the Graptolite slates of Norman's Kill, ancl 
wrote to ask his opinion upon the subject, to which inquiry I have received the following rep~y. I 
itwcrt it here because of its important bearing upon the question of the age of the shales at Bel-

' mont, Nev.:-
"ALBANY, N. Y., February 18, 1875. 

"DEAR Sm: Yonr inC]uiry in regard to the geological age of the Graptolite slates of Norman's Kill 
near Albany, N.Y., involves a question of considerable complexity, and is one to which I have given 
much thought and labor during several years past. The rocks in that vicinity are so altered and dis­
turbed that their relative position is not easily determined from stratigraphical evidence. I have sought 
diligently at all points for fossil remains, but with only limited success thus far, except as to Graptolites. 
:From the evidence furnished by these fossils, I have reached the conclusion that the Graptolite-bearing 
layers there arc of the age of the Utica slate, the following being a summary of the facts I have observed:-

"I have found the following species common to both the Graptolite byers at Norman's Kill and 
those of tlle Utica slate format.ion at the moutll of Oxtnngo Creek near Fort Plain, N. Y. :-Graptolithus 
(Monogmptus) serratulus Hall; G. (Diplogmptus) pristis Hall (not Risinger); G. ( Climacograptus) bicornis 
Hall; and G. (Dicranograpttt11) ranwsus Hall. 

"At Ballston, N. Y., G. bicornis Hall is very abundant in the Utica slate; and at Barker's Falls, near 
Sandy Hill, N. Y., G. pristis is equally abundant in the same formation. On the island of Orleans in th~ 
Saint Lawrence River, and in th~ valley of the Saint Anne River in Canada, three of the forenamed 
species are known to occur, viz, G. pristis, G. ramosus, and G. bicornis Hall, in beds known to be of the age 
of the Utica slate (see Geological Report of Canada, 1863, page 200): I think that G. (Dicranograptn11) 
sextans Hall also occurs in the same layers with the above-mentioned species, but I will not be positive, 

"I am confident that if all these localities were as thoroughly examined as that at Norman's Kill 
hns been, many more species would be found to be common to two ot· more of them ; hut the evidence 
already given is quite sufficient to warrant the conclusion that the slates of the several localities named 
are of the same geological age, especially when we consider the fact that Graptolites have a very limited 
geological range. Although only four species are positively known to be common to two or more of the 
localities named, some of them are found at widely-separated characteristic localities of the Utica slate, 
which shows the great geographical range of tlle species. None of the Norman's Kill species have been 
recognized in any other formation than the Utica slate, which, while it demonstrates tlleir equivalency 
of geological age, also shows the limited geological range of this fu.mily of fossils. 

''Besides the foregoing evidence, the following facts are worthy of con~ideration in this connec­
tion. The lithological features of the Norman's Kill Graptolite beds are peculiar, quite different from the 
other beds near by, easily recognized at distant localities, and evidently as near like the Utica slate as a 
metamorphic slate can be like an unaltered one. At a locality of these slates nearColloes, I found specimens 
of G. pristis unuistinguisllable from Norman's Kill specimens, and in anotht>r layer not many feet from the 
first, but of somewhat different lithological characters, I collected Orlhis testudiuaria, Leptama sericea, 
Bellerophon bilobatus, aud 1'rinucleus concentricus, also an Ortlwccras and several small lamellibranchiate 
shells. In another layer, a short distance from the first and in a direction opposite the second, but 
nearly in the strike of tlle beds, I found specimens of an Orthis close!~· like, if not identical with, 0. 
subquadrata Hall. On tho opposite side of the Hudson River, near the base of the hills just above 
autl hack from Lansinghurgu, a mile or more from tho river, I obtained G. pristis and G. furcatus, 
anotllet· Norman's Kill species. Just south of Troy, in the shaly partings between layers of metamorphic 
limestone, I llfwe found a species of Graptolite iu great abundance undistiugnishahle from G. ampltxicaule 
Hall, from tlle Trenton 1imestone of Herkimer County, New York. The same species was also fonnll 
abuutlant,ly in tllo yard of the arsenal at Watervliet by Capt: C. E. Dutton, U.S. A. At Norman:~:> Kill, 
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only a few huntlred yards from the Graptolite hNls, in nrcna£'eons 
]a~'ers, I found a species of Graptolite c]osl'ly r£'scmhliug and prob­
ably identical with ouc fipued iu vol. i, Palmoutology of New Ym·k, 
plate 72, fig. 1 a, found at Turin, Lewis County, N.Y., in the Hnclson 
River group, and at that time identified with G: pristis, hut prol.Jah]y 
distinct. 

''From the foregoing facts, I infer that tho slates l.Jclow Troy and 
in the arsenal-yard, together with tho associated m(,tamorphic lime­
stones, are the CCJuivalents of tlle Trenton limestone; and that those 
at Norman's Kill, which l.Jear tho Lewis County species of Grapto­
lites, are probably a continuation of the arenaceous limestones and 
shales seen in the ravines and railroad cuttings iu the town of Knox, 
Albauy County, and of those la~'ers qna_.·icd ncur Scl.Jencctady, N.Y., 
known as the 'ulucstone'; and hlso that they arc the equivalents of 
tl.Je Lorraine flwlcs of Central and Nort.h Central New York. All the 
physical peculiarities of tho Ilndsou Uivcr l.Je<ls, as seen at the locali­
ties just mentioned, are so exactly repeated in the disturbed and 
nearly vertical layers within a few hundred yards of the Graptdite 
l.Jeds, that it is difficult to helievo they arc not geologically identi­
cal. Oue peculiar feat nrc, often uoticed on the rocll:s at Schenectady 
nml elsewhere, is very common at Norman's Kill: it is the appearance 
as of flowing mnd suddenly fixed :mel hardened on the harder layers; 
the llt>pressions between the folds and wrinkles l.Jeing filled with fine 
mud-shale partings, upon which the layers separate with clean sur-
fu~ . 

"The beds at Norman's Kill arc so much disturbed and contorted 
that it is impossible to trace a gh'en layer to any considerable dis­
tance. There are also many slight faults of a few inches, or some­
times several feet; but I have seen no evidence of any greater one 
in the vicinity, neither do I think it prol.Jable there is one, or that a 
proper explanation of tho condition of the strata makes it necessary 
to infer that one exists there. The position of the beds there, and 
the appearance of tho Ut.ica ·slate and of Trenton limestone in the 
vicinity, can he more reasonably explained by assuming tllc presence 
of a series' of folds or overlappings, increasing in strength from the 
vicinity of tho nearly horizontal l.Jeds of the Hudson River group 
only a few miles westward from the river, which thus bring np these 
lower formations, as shown in the accompanying ideal section. You 
will find this section similar to one given by one of tho l.Jest and most 
reliable geologists on page 234, Geological Report of Canada, 1863, 
for these same formations at another locality. 

"Very truly, yours, 
'' R. P. WHITFIELD. 

"Dr. C. A. ·WmTE." 
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CHAPTER II. 

CLASSIFICATION. 

If fossils were to be regarded as nwrel y medals or tokens of geological 

formationR, to serve the purpose only of distinguishing the latter from each 

other, a knowledge .of their biological relations an1ong thetnselves and to 

existing forms would be unnecessary, and their cl~sification, beyond the 
application of convenient natnes, a useless and ctunberson1e laLor. As our 
knowledge of paleontology increases, however, the great value and itnpor­
tance which the higher groups possess in the solution of geological problems, 
not to mention their bearing upon purely biological subjects, are n1ore and 
more recognized. The custom that has been prevalent of recording only the 
generic and specific names of the fossils descrih0d has long been felt by the best 
paleontologists to be insufficient to give full expression to the significance they 
possess. Consequently, a more or less complete zoological grouping of them 

has of late become more common. There seems to be no rational ground. 
between a full classification on the one hand and the mere mention of the 
name of each species in connection with its description on the other. I 

have, therefore, compiled a full zoological classification of the collections 

that form the basis of this report. In doing so, I have generally adopted 
the system used by the best specialists in each department; and their use. 
here is merely one of present convenience, and not necessarily an expression 

of full approval. For example, an obvious reason for the adoption. of Dr. 
Gill's arrangement of the fan1ilies of Mollusca may be found in the fact that 
the collections by law go to the Smithsonian Institution, where that arrange­
ment has been adopted for its cabinet. This should not be understood as 
.an expression of n1y own views as to the systematic position of the Brachio­
poda, any more than the use ·of Edwards and ij:airne's classification of corals 
implies an approval of the assignn1ent of Chcetetes and related corals to the 
Zoantharia, &c. 

Following is a tabular view of the classification I have adopted for the 
collections, repeated for each of the geological periods t~wy represent. 



Syste,matic table of the invertebrate and other fossils. 

Class. Subclass. Order. 

Thallogens . • • • . . • • • • . . • • • • • . . • . . •••••••••••.••••. 
Do. . • • • • • • . . . • • • . . • • • • . . . . • . •••..•••.•••••••. 

Brachiopoda .................... Lyopomata .••..•. 
Do. • . . • • • • . • ·- • • . . • • • • • • • • . . .... do . _ ••.••••. 

LOWER SILURIAN AGE. 

PRIMORDIAL PERIOD. 

PLANT .IE. 

CRYPTOGAMIA. 

Suborder. Family. 

ANI MALIA. 

MOLLUSCA, 

Molluscoidea. 

Genera n.nd species. 

Cruziana Linnarssoni \Yhite. 
Cruziana rustica White. 

Discinidre • • • • • • • . Acrotreta? subsidua \\rhite. 
. ••.. do • . • • • • . . . . Trematis pannulus \Vhite. 

Mollusca vera. 

Gasteropoda .• --I Pteropoda .. ----1 Thecosomata .... -I- ................ ·I Hyolithidre ••••. --I Hyolithes primordialis Hall(?). 

ARTICULATA. 

Crustacea . • . • • . . • • • • • . • • • • • .. • • Trilobita • • . • • • • • . . ••••••.•••••••••. 
Do. • • • • • . • . . • • • • • • • • • . • . • • . __ ••. do _ • • • • • • • • . . ••••..•••••.••••• 
Do. • • • . . • • . . • • • • • • • • • • • . . . . . •••. do .•• _.. • • • • . •••••••.•••.• _ ••. 

Agnostidre .•••... 
Conocoryphidre ... 
Asaphidre ...••••. 
Paradoxidre •..... 

.•••. do •.......•. 

Agnostus interstrictus 'White. 
Conocoryphe Kingii Meek. 
Asaphiscus \Vheeleri Meek. 
Olenellus Gilberti ~leek. 
Olenellus Howelli Meek. 

Vestigi~-



CANADIAN PERIOD. 

PROTOZOA. 

Rhizopoda .••• ·I· .............. ·I Foraminifer~ ..... , .••••••••...•••.. ·I· ................ ·I Receptaculites --- (?). 

RADIATA. 

Hydrozoa ••• -··1-·- ............. -I Hydroida ••••••• ·I· ................ -I Graptolitidre ..••. ·I Phyllograptus Loringi 'Vhite. 

MOLLUSCA, 

Molluscoidea. 

Brachiopoda.. . . . ••••••••••••••• 
Do ..••••....••••••.•••••••. 
Do. . • • • • • • . . •••••.••••••••. 

I 
Lyopomata. ···--·~---- •••••..••••... Lingulidre .••••... 

. . . . • do . • • • • • • • • • . • • • • . • • • • . . • • • . . . Discinidre ....... . 

-~-'-'~'::~~~~- ::: r:::::: :::::::::: -~~:~p~:~··:~~-::: 
Lingula manticula White . 
A.crotreta pyxidicula White. 
Strophomena fontinalis White. 
Orthis Electra Billings (?). Do .•..••••. 

Mo,llzesca vera. 

I 
Gasteropoda.... Direca. • • • • • • • . Rhiphidoglossa . • . Dicranobranchiata. Bellerophontidre . . Bellerophon allegoricus White. 
Cephalopoda. . . . • • • • • . • • • • • • • • . Tetrabranchiata... • • • • • • • • • . . . . • • • . • Orthoceraticlre . . . . Orthoceras colon White. 

Do. . . • • • . . . • • • • • • • • • • • • • • • . • •••• do . • • • • • • • • • . . • • • • • • • • • • • • • • • . Cyrtoceratidre . . . . Cyrtoceras --- (? ). 

I 
Crustacea • • • • • . . • • • • • • • • • • • • • • • Ostracoda •••••••. 

Do .•••••••..••••••••••••••• Trilobita ••••••••• 
Do •••••••••••••••••••••••••.•••. do ••.••••••. 

ARTICULATA. 

Cypridinidre . . • . • . Leperditia bivia White. 
Asaphidre . . . • • • • . Megalaspis belemnurus White. 

(?) Dicellocephalus? flagricaudus White. 



Systematic table of the invertebrate and other fossils-Continued. 

LO,VER SILURIAN AGE-Continued. 

TRENTON PERIOD. 

RADIATA. 

Class. Subclass. Order. Suborder. Family. 

Hydrozoa...... .• • • • • • • • • • • ••• . Hydroida •••••••. -~. •• • ••• •• • • • • • • . Graptolitidre .• .-••. 
Do.. . . • • • • . • • • • • • . • • • • . . • . . •••. do • • • • . • • • • • . • • • • • . • • • • • • • • • • . . ••.. do .••••••.•. 
Do . • • • • • • • . . • • • • • • • • • . • • . • . • •••. do • • • • • • • • • . . • • • • • • • • • • • • • • • • . • •••. do ..•••••... 
Do ......•...•••••.•••••........• do ••••.••••..••••••••••••••••..•... do ..••••••.. 

Actinozoa . • • • • . . . • • • • . • • • • • . • . . Zoantharia ..••••. 
Do. . • . . • • • . . . • • • • . • • • • • . • • . . •••. do •••.•••••. 
Do. . • . • • • • • . . • • • • . • • • • • . . . . . •••. do ...••••••. 
Do . • • • • • • . . ••• ~. • • • • • • • . . . . •••. do •.•••••••. 

Favositidre ..••••. 
. . . . . do .••••••••. 
Thecidre ........ . 
Cyathophyllidre .. . 

MOLLUSCA. 

llfol!ztscoidea. 

Drachiopoda.. • . . • • • • . . . • • • • . . . . Arthropomata . • • • . • • • • • • • • • • • • • • • • . Strophomenidre .•. 
Do. . • • • • • • . . . • • • • . • • • • • . • . . . •••. do . • • • . . • • • . • • • • • • • • • • • • • • • • • . . •••. do .••••.•... 
Do. . • . • • • • . . . • • • . . • • • • . . . . . . •.•. do • • . • • • • • • . . . • • • • • • • • • . • • • • • . . .••. do .•.•..••.. 
Do . • • • • • • . . . • • • • • . • • • • • • • . . . ••.. do . • • • • • • • • . . • • • • • • • • • • • • • . • • . • •••. do .•••••.••. 
Do. . . . • • • • . . ••••• _..... • • . • . •••. do • • • • • • • • • . . • • • • • • • • • • • . • • • • . . •••• do ..•••.••.. 
Do. . • . . • • • . . • • • • • . . • • • • • • . . . •• ~ . do • • . • • • • • • . . • • • • • • • • • • • • • • • • . . ••.• do .•••..••.. 
Do . . . . • • • . . . • • • • • • • • . • • • . . • •••. do . • • • . • • • • . . • • • • • • • • • • . • • • • • . Rhynchonellidre ... 

Mollusca vera. 

Genera and species. 

Graptolithus ramulus \Vhite. 
Graptolithus hypniformis White. 
Graptolithus pristis Hall(?). 
Graptolithus quadrimucronatus Hall (?). 
Monticulipora Dalii Edwards and Haime. 
Favosites --- (?) . 
Favistella stellata Hall. 
Zaphrentis --- (?). 

Strophomena filitexta Hull. 
Lept::ena sericea Sowerby (?). 
Orthis occidcntalis Hall. 
Orthis plicatella Hall (?). 
Orthis testudinaria Dalman (?). 
Orthis biforata Schlot. var. lynx. 
Rhynchonella argenturbica White. 

Conchifera ..•••...•••.••••••... Heteromyaria .••..•••••...•...••••. Mytilid::e .....•... 1\Iodiolopsis --- (?). 
Gasteropoda.... Diceca..... • • .. Rhiphidoglossa . . . Podophthalma . . . . Maclurreidre . • • • • . Mad urea --- (?). 

Do ....•.•••...• do .••••••...•••. do ••••.•••••.•••. do •••••••••. Pleurotomariidre .. Raphistoma trochiscus ::\ieck. 



Actinozoa .••••. 
Do .•.•••••. 

Echinodermata .. 
Do .•.•..•.. 
Do .•..•.••. 

CARBONIFEROUS AGE .. 

SUBCARBONIFEROUS PERIOD. 

RADIATA. 

Zoantharia . • • • • • . . • • • • • • • • • • . . • • • • . Favositidre . . . • • • . Favosites divergens White and Whitfield. 
• .... do .......... --~--------- ........... do .......... Syringopora Harveyi "White. 
Blastoidea.... • . • . . • • • • • • • • • • . • • • • • . Pentremitidre..... Granatocrinus lotoblastus White. 
Crinoidea .. .. • .. . .. .. • . .. .. .. • .. .. . Platycrinid:::e.. .. .. Platycrinus --- (?). 
---~.do ............................ Actinocrinidre .... Actinocrinus viaticus. White. 

. 
MOLLUSCA. 

Mollttscoidea. 

Brachiopoda.... . . • • • . . . • • • • • • . . Arthropomata • • . . • • • • • • • • • • . • • • • • • . Productidre. . • . • . . Productus parvus Meek and Worthen. 
Do .............................. do ............................ Strophomenidre ... Strophomena rhomboidalis vVilckins. 
Do .............................. do .. .. .. .. .. . • • • • .. .. • .. .. .. .. Spiriferidre. .. .. . . Spirifer centronatus Winchell. 
Do .............................. do ................................. do . . • • . • • ... Spirifer striatus Martin (?). 
Do .............................. do ................................. do .......... Spirifer (Syringothyris) extenuatus Hall. 
Do.·.... .. .. . ................... -:. do .. .. . • • • • • .. .. .. .. • • .. • • • • .. .. ... do . .. .. . .. .. Spirifer ( Martinia) peculiaris Shumard. 
Do .••.••••..•••••.••••••••..•••. do ••••.•••..•••••••••••••••.•.•••.. do .•••••••.. Spirigera monticola vVhite. 
Do .............................. do ................................. do .......... Spirigera obmaxima McChesney. 
Do .............................. do ............................ Terebratulidre .... Terebratula(Diebsma)BurlingtonensisWhite. 

Mollusca vera. 

Conchifera ..................... Dimyaria .......................... Cardiidre? ........ Conocardium --- (?). 
Gasteropoda.... Direca ..••• .'. . . Rhiphidoglossa . • . Podophthalma . • • • Euomphalidre • . . . Euomphalus luxus White. 

CARBONIFEROUS PERIOD. 
PROTOZOA. 

Rhizopod~ ..... [ .......... ----··1 Foraminifera ..... , ............ ------1------ ...... -----·1 Fusulina cylindrica Fischer. 



Systematic table af the invertebrate and other fossils-Continued. 

CARBONIFEROUS AGE-Continued. 

CARBONIFEROUS PERIOD-Continued. 

RADIATA. 

Class. Subclass. Order. Suborder. Family. Genera and species. 

Actinozoa .••••..•••••..••••••.. Zoantharia .•••••...••••••••••.••••. Favositidre ..••••. Chretetes milleporaceus Edwards and Haime. 
Rhombipora lepidodendroides Meek. 
Syringopora multattenuata McChesney. 
Zaphrentis excentrica Meek. 

Do.. • • . • • • . . • • • • . . . • • • • . . . . . •••. do • • . • . • • . • . . • • • • • . . • • • • • • • • • . . • • • . do .••••.•••. 
Do .•••••••. . • • • . do .••••••••. 
Do. • • • • • • • . . . • • • . . • • • • • • • . . • •••. do ••••.••••• 
Do. • • • • • • • . . . • • • • . . . . . • • • . . . • • • . do ••••••.••• 
Do. • • . • • . . . . • • • • . • • • • • • . . . . •.•. do .•••.••••• 

Echinodermata. . • . • . • • • • • • . • • • . . Echinoidea .•••••• 
Do .••••••...••••••••••••••...••. do ••••.•.••. 

Polyzoa.... . . . . . • • • • • • . • • • • •••. Gymnolremata •••• 
Do. • • • • • • • . . •••••.•••••••..••••. do .•••••••.. 
Do. • • • • . • • . . • • .. • • • • • • • • • • . . • •.•. do •••••••••. 

. •••. do .•...•.••. 
Cyathophillidre • • . 

. • • • . do • • • . . ••••. 
• • • • . do .•...••••. 

Lophophyllum proliferum (var.) McChesney. 
Lithostrotion Whitneyi Meek. 

Archreocidaridre. . . Archreocidaris ornatus New berry. 
. •... do . . . • • • • • • . Archreocidaris trudifer White. 

MOLLUSCA. 

Molluscoidea. 

·······-········· 
M yriaporidre . • • • . G lauconome nereidis 'Vhite . 

. • • • . do . • • • • • • • • . Synocladia biserialis Swallow. 

. •••. do . . . • . . • • • . Polypora stragula White. 
Brachiopoda ..•.••••••••••••.••.. Arthropomata •....••••••••••••••••. Productidre •.•••. Productus costatus Sowerby. 

Do .••••••••.•••••••••••••...•••. do •••••••••..••••••••••••••••..•••. do .•••.••••• Prodnctus Prattenianus Nor,vood. 
Do ..••••••••••••••••••• ~... . •••. do . • • • • • • • • . . • • • • • • • . . • • • • . • . . • •••• do . • • • • • • • . Productus punctatus Martin. 
Do .••••••••.••••••••••••••.••••• do .••••••••...•••••••••••••••.••••. do ••••.••••. Productus Nebrascensis 0\ven. 
Do ..••••••••••••••••••••••.••••• do •••••••••..••••••••••••••••..•••. do ••••.••••. Productus longispinus Sowerby. 
Do .•••••••••••••••••••••••.••••• do ••••••••••.••••••••••••••••...••. do .••••••••. Productus muricatus Nor,vood and Pratten. 
Do. • • • • • • • • • • • • • • • • • • • • • • • . • • • • • do •••••••••. 
Do .•••••••.•••••••••••••••.••••. do .•••.••••. 
Do. • • • • • • • • . • • • • • • • • • • • • • • . . • • • • do •••••••••. 
Do. • • • • • • • • . • • • • • • • • • • • • • . . • • • • • do •••••••••• 

. ••.• do . • • • • • • • • • Productus semireticulatus Martin. 

. ••.. do , • • • • • • • . • Productus Mexican us Shumard. 
. •••. do . • • • • • . • • . Chonetes granulifera Owen. 
. •••. do . • • • • • • • • . Chonetes mesoloba Norwood and Pratten. 



Do. . • • • . • . . . . • • . • • • • • • • • • • . . . • . . do . • • • • • • ••• 
Do. • . • • • • . . . . . • . • • • • . • • • • • . . •••• do .•••• ~ •••. 
Do. • • • • • • • . . • . • • • • • • • • • • • • • • •••. do •••.•••••. 
Do. • • • • • • • . . • • • • • • • • • • • • • • . . •••. do ....••••.. 
Do. • . • • • • • . . •..•••••••••••.••..• do ..••.••... 
Do. . . . • . • • • . . • • • • • • • • • • • • • . . •.•. do .•.•••••.. 
Do. • • • • • • . . • • • • • • • • . . • • . • • . . •••. do ..•.••••.. 
Do. . . • • • • . • . •• ~.. • • • • • • • • • . . •••. do •••••••••. 
Do. • . . • • • • . .· ..•••••...•••••...•. do .•.•.••••. 
Do. . . • • • • • . • • • • . • • • • • • • • • • • . •••. do .•••.••••. 
Do. • . • • . • . . . . . • . • • • . • • • . . • . . •••• do •••..••• · •. 

. .•.. do •••••••••. 

. •••• do •••••••••. 

. ••. ~ do .••••••••• 

. .... do .••••••••• 

. .... do ...•...... ' Chonetes platynota White. 
Strophomenidre . . . Orthis Pecosii Marcou. 

. .... do . • • . . . . . . . Hemipronites crinistria Phillips. 

. .... do . . . . . . . . . . Meekella striatocostata Cox. 
Rhynchonellidre .. I Rhynchonella Uta Marcou. 

• •••. do . • • • • . . • • . Rhynchonella Rockymontana Marcou. 
. •... do . • . . . . . . . . Rhynchonella Wasatchensis White. 
• .•.. do . . . • • . • . . . Rhynchonella metallica White. 
Spiriferidre ..••... 

. • • • . do ...••...•. 
• • • . . do .••..••••. 
. • • • . do .••••.••.. 
. ••.. do .•..•••••.. 
. . . . . do ...•...... 
. • . . . do .•••••.... 

Spirifer cameratus Morton. 
Spirifer Rockymontanus Marcou . 
Spirifer striatus Martin (?) . 
Spirifer (Martinia) planoconvexus Shumard . 
Spirifer ( Martinia) glaber var. con tract a Meek and \Vorthen. 
Spiriferina Kentuckensis Shumard . 
Spiriferina octoplicata Sowerby . 

Do ..•..•••. 
Do ..•••••.. 
Do .•••••••. 
Do ...••.... 
Do ....••••• 

l)o. ----·· .. 
Do ....••••. 
Do .•.•••••. 

• ••.. do . . . • • • • • • . . •••••••..•••......••.. do . • • • • • . . . . Retzia Mormonii Marcou. 

---- - do ---- . ----- . - ••••••••••••••• ·I· .... do . . . • . . . . • . Spirigera subtilita Hall. 
. ..•. do •.••.••••..•.•.•••••••••.....••.. do . • . . • . . . . . Spirigera planosulcata Phillips. 
-.• -- do ..•.••••• ·j· ................ -1 Terebratulidre •... 

1 
Terebratula (Dielasma) bovidens Morton. 

Mollusca vera. 

Conchifera . . . . . . • • • • • . • • • • • • • • . Monomyaria . . • . . . . . • • • • • . • • • • • • . . . Pectinidre .•••.•.. 
Do. . . • • • • . . . . • . . . • • • . . • • • • . . .•.• do ••••...•.. , . • • • • • • • • • • • . . • . . . . ••.. do .••••.•••. 
Do. • • • • • • • • . • • • • . • • . . . • • • • . . .•.. do .••••..... 
Do. • • • • . • . . . • • • • • •.. . . . • • • • . . •••. do ••••.••••. 
Do. . . • • • • • . . ••••......••••...•.. do .•••••.••. 
Do. . . . • • • • . . • • • • • . . . . . • • • • . . •.•. do .•••••••.. 
Do. . . • • • • . . . . • • • . . . . . . • • • • . . .... do .••••.••.. 
Do. . . • • . • . . . ••••.••.. · • • • • • . . .••• do .••••••••. 
Do ..•••••...••••••..•.••••....•. do .•••.••••. 
Do. . . • • • • • . . • • • . . . • . . . . • • • . Dimyaria . • • • • . . . 
Do. . . . • • • • . . • • • • . . • . . . . • • • . . .... do .••••••••. 

Gasteropoda.. . . Prosopocephala . Solenoconcha • • • . . •••••.••••....... 
Do. • . • • . • • . Diceca . • • • • • • • • Rhiphidoglossa . . . Dicranobranchia .. 
Do .•.••.••...•• do ..••••••..•••. do ..••..•••. Podophthalma .... 
Do .••••••••.••• do • • • • • • • • • Pectinibranchiata.. Trenioglossa ..•..• 

. • • . . do .••••••••. 

. .... do .•••••.••. 
Pinnidre . • • • . • ••. 
Pteriidre . • • • . • ••. 

. . • . . do . • • • • • • ••. 

. • • . . do .•••••••.. 

. •... do .••••..... 
Trigonidre ...... . 
Anatinidre .••••... 
Dentaliidre ...... . 
Bellerophontidre .. 
Euomphalidre .... 
N aticidre .••...••• 

A~iculopecten occidentalis Shumard. 
Aviculopecten Coreyanus \Vhite. 
Aviculopecten interlineatus Meek and Worthen . 
A.viculopecten McCoyi Meek and Hayden. 
Pinna peracuta Shumard(?). 
Monopteria Marian White. 
Myalina recurvirostris Meek and Worthen(?) . 
Myalina? Swallovi McChesney . 
Bakevellia parva Meek and Hayden. 
Schizodus Wheeleri Swallow. 
Allorisma subcuneata (var.) Meek and Hayden. 
Dentalium canna \Vhite. 
Bellerophon crass us Meek and ·w orthen. 
Euomphalus pernodosus Meek and Worthen. 
N aticopsis nana Meek and Worthen. 



Systematic table of the invertebrate and othe1A fossils-Continued. 

CARBONIFEROUS AGE-Continued. 

CARBONIFEROUS PERIOD-Continued. 

Mollusca vera-Continued. 

'Class. Subclass. Order. Suborder. Family. I Genera and species. 

Gasteropoda .... Diceca .. . . • ••.. Pectinibranchiata.. Trenioglossa .•••.. 
Do. . . . . • • • . . ••• do . • • • • • • . • . •••. do . • • • • • . . . . . •••. do .••••..••. 

Capulidre .....••. 
Macrocheilidre .•.. 

Cephalopoda. • . . • • •• • . . . . • • • ••• Tetrabranchiata... . • • • •• • • •• • • • • • • • . Goniatitidre ..•..• 
Do. . • • • • • • . . • • • • • • . • • . • • . . . • •••. do . • • • • . • • • . . • • • • • • • • • • • . • • • • . N au tilidre .••••••• 
Do . • • • • • • • . . . • • • . . . • • . • • • . . • •... do . • • • • • • • • . . • • • . • • • . • • • • • . . . . • •••. do ..•••..•.. 

MESOZOIC AGE. 

JURASSIC PERIOD . 

. RADIATA. 

,-----------------------------------1 
Platyceras N ebrascense Meek. 
Macrocheilus anguliferus White. 
Goniatites --- (?). 
Nautilus latus Meek and Worthen(?). 
Nautilus Springeri White and St. John(?). 

Echinodermata ·I· .............. ·I Crinoidea ••••.•. -I· ................ -I Pentacrinidre ..•. ·I Pentacrinus asteriscus Meek and Hayden. 

·-------------1 
MOLLUSCA. 

Mollusca vera. 

Conchifera •••••..••••.•••••••.. Monomyaria ••••..•••••.•••••.••••. Ostreidre ··---· .•. Ostrea strigilecula White. 
Do ..••••••..••••••••••••••.••••. do .••...••...•••••.••••••••••• Pectinidre •••••.•. Camptonectes stygius White. 
Do ..•.••••...••••.•••••••..••••• do •••••••••..•••••••••••••••..•... do .•.••••••. Camptonectes bellistriatus Meek and Hayden. 
Do. . • • • • • • . . . • • • • • • • • • • • • • • • •••• do • • • • • • • • • • . • • • • • • • • • • • . • • • • . Ptereidre . • • • • • • • . Inoceramus crassalatus. 
Do ..••••••..••••••••••••••. Dimyaria .•••••.•.•••••••••••.••••. Trigonidre .•••••. Myophorin ambilineata. 
Do. • . . . . • • . . __ •• . • • • . • • • . . . •.•. do • . • • • • • • • • . . • • • • . • • • • • . • • • • . . ••.. do . • • • • . • • • . Trigonia --- (? ). 

Gasteropoda.... Diceca .• _.. •••. Rhiphidoglossa... Podophthalma • • • . Neritidre......... Neritina (?) phaseolaris 'White. 



CRETACEOUS PERIOD. 

MoLLuscA. 

Molluscoidea. 

Bmchiopoda.... . ............... ·I Lyopomata .••••••••• ~ ••••••••••••• ·I Lingulidre .•.•••• ·I Lingula subspatula Hall and Meek. 

Co.nchif~ra .•.. ·I· .............. . 
Do. . . . • . • . . . .•..•.•••.••••. 
Do .•••••••...•••••••••••••. 
Do ....•••.. 
Do ...•••... 
Do ....••••. 
Do ...•.••... 
Do ...•..•.. 
Do ...•••.•. 
Do .••••.... 
Do .....•... 
Do ...•••... 
Do ..••...... 
Do ..•...... 

Monomyaria .••••. 
. • • • . do ••••.••••. 
. . . • . do ..•••••••. 
. . . • . do .••••••••. 

ll:lqllttsca vera. 

Ostreidre .••••..•. 
• • • . . do .•••••.••. 
. • • • . do .•.••.•••. 
. ••.. do ••••••••.. 

Ostrea cortex Conrad . 
Ostrea prudentia White . 
Gryphea Pitcheri Morton . 
Exogyra ponderosa Roemer. 

.•••. do .••••••••..••••••••••••••••.•••.. do •••••.•••. Exogyra lreviuscula Roemer. 

. •••. do .••• ~ .•••..•••••••••••.••••..••.. do .••••..... Exogyra costata Say, var. fluminis \Vhite. 

. .••. do .••••••••...•••••••••.•••••. Pectinidre .••••••. Camptonectes platessa White. 

. •••. do . • • • • • • • • . . • • • • • • • • • • • • • • • • . Limidre . • • • . • • • • . Lima W acoensis Roemer. 

. .••• do • • • • • • • • . . . • • • •• • • • • • • . • • . • . Pteriidre . . . . • • • • . Inoceramus problematicus Schlot. 
• •••. do .••..•••••.••••••••••••••••..•... do .••.•••••. Inoceramus deformis Meek. 
. •.•. do ..•••••••..••••••••••••••••...... do .••••••.•. Inoceramus fragilis Hall and Meek, 
. • • • . do .••••..••. 
. •••. do, .••••••••. 
. . . . . do .••••••••• 

. ••.. do • • • • • • • • • . Inoceramus Bambini Morton. 
• ••.. do • • • • • • • • • . Inoceramus dimidius \Vhite. 
• •... do . • • • • • • • • . Inoceramus flaccid us "White. 

Do. . . • • . • • . . . • • • • . • • • • . . • • . • .•.. do . . • • • • • • • . . • • • • • • • • . • • . . • . . . Pinnidre . • • • • • • • . Pinna petrina White. 
Do......... . •• • .• • ••• . • . • • . Dimyaria ••• . ••• . .•• • •• •• •••• •• .... Arcidre . •• • .. • • .. Idonearca depressa White. 
Do .............................. do . • • • . • • • .. . • • • • • • • • • • • • • • • • . Lucinidre.... . . . . . Lucina subundata Hall and Meek. 
po .............................. do ............................ 1 Glossidre ......... Veniella goniophora Meek. 
Do .............................. do ............................ ·Mactridre --~- •... Mactra? incompta White. 
Do .............................. do . . • . . • .. .. . . . •• . . • .... • .. • • . Anatinidre ..... .-.. Leiopistha ( Psilomya) Meekii White. 
Do .............................. do . . .. .. .. . . . .. .. . . .. . . . .. .. .. . .... do . .. • • . .. . . Leiopistha ( Cymella) undata Meek and Hayden. 
Do. . . . . . • . . . • .. • . . • .. . .. .. . . .... do . . • • • . • . • . . • .. • . • .. . • . . .. .. Corbulidre.. .. .. . . Corbula nematophora Meek. 

Ga~teropoda .... Diceca ..••..••. Riphidoglossa .•.. Podophthalma .... Neritidre ......... Neritina (Velatella) carditoides, Meek. 
Do ............. do ......... Pectinibranchiata .. Trenioglossa •••••. Aporrhaidre ...... Anchura? fusiformis Meek. 
Do ............. do .............. do ............... do ............... do .......... Lispodesthes nuptialis White. 
Do ............. do .............. do ............... do ............... do.' ......... Lispodesthes lingulifera White. 



Class. Subclass. 

Sytematic table of the invertebrate ancl other fossils-Continued. 

:niESOZOIC AGE-Continued. 

CRETACEOUS PERIOD-Continued. 

fi'lollusca 'Z'era-ContinueJ. 

Order Suborder. Family. Genera and species. 

Gasteropoda.... D1ccea . . • • . . . . . Pectinibranchiata.. Txnioglossa.. • • . • Tecturidre...... . . Anisomyon borealis ~'lorton. 
Do ..•..••.....• do ...•...••.••. _do .••••..••..•••. do ............... do .......... Anisomyon centrale Meek. 
Do ............. do .............. do ............... do .......... Turritellid::e ...... Turritclla uvasana Conrad. 
Do._ ........... do .............. do .......... _ .... do .............. _ do .. .. .. .. . . Cassiope Whitfieldi White. 
Do ....•••..•.. do .•••...•..•... do .•••.•••••..•.. do ••............. do .•••..••.. Eulimella? funicula Meek. 
Do ......... _ ... do . .. .. .. .. .. .. _ do .. .. .. • • .. .. ... do .. .. • . . . .. Pyramidellidre .. .. Turbonilla ( Chemnitzia) melanopsis Conrad. 
Do ............. do _ ............. do . .. . .. • .. . Toxoglossa. .. . .. . Admetidre.. .. .. .. Admetopsis gregaria Meek. 

Cephalopoda. .. .. .. .. .. .. .. .. .. Tetrabranchiata... .. .. .. .. .. .. .. • • .. Baculitidre . . . .. .. Baculites ovatus Say. 
Do .... _ . . . . • ••..••••• : . . • . . .... do . • . . . . • • • . . . . . . . . • • • • . . . • • • • . .•.. do . . • . • . • • . . Baculi tes ovatus var. 
Do. _ ............................ do .. .. .. .. .. .. .. .. .. .. .. .. .. .. Schaphitidre .. • .. . Schaphites Warreni Meek and Hayden. 
Do .............................. do ............................ Ammonitidre ..... Buchiceras Swallovi Shumard. 
Do ..•.••....••••..•••...••.. _ ... d0 ..••..•.....••...••.••.••.. _ ..... do • • • • . . • • . . Ammonites Lcevianus \Vhite. 
Do .............................. do ................................. do .••••.••.. Ammonites placenta Del(ay. 
Do ............................. do __ ........ ~----· ............ Turrilitidre ....... Helicoceras Pariense White. 

ARTICULATA. 

Vermes ....... -1-- ....... ~ .... --I Tubicola ........ ·I-................. , Serpulidre ...... --I Serpula intrica White. 

CENOZOIC AGE. 
TERTIARY PERIOD. 

MOLLUSCA. 

Mollusca vera. 

Conchifera ..... 1 

................ , Dimyaria .• -----·1······ ...... ······I Unionidre ........ 1
1 

Unio vetustus ::\leek. 
Do ......... I ...................... do .. • • • • .. • . .. • . .. . . .. .. • .. .. . Cyrenidre • • • • • • • . Cyrena (Veloritina) Durkeei Meek. 



Do ..••.•••. ········:··· .... , ..... do ...•••••...••........•.•..•...... do .......... Sph::erium --(?). 
Gasteropoda.... Pulmomfera •... · Pulmonata. . • . . . . Basommatophora.. Limnreidre . • • • • • . Planorbis Utahensis Meek. 

Do .••••........ do ..•••.•...•••. do ....•••••...... do ...•....•...... do . • • • • • . • . . Planorbis -- (?). 
Do. . . . . • . . . . .•. do . • • • . . . . . . ••.. do . • • • • . . . . . . ••.. do . . . • • • • . • . Physidre . • . . . . • . . Physa Bridgerensis Meek. 
Do .......•..•.. do .•••..•..••••. do .....••••..•... do .••••.......... do .•••••..•. Physa pleromatis White. 
Do ... -·---~ .•.• do .••.•.••..•... do .......... Geophila ......•.. Helicidre .•••••... Helix Leidyi Hall and Meek. 
Do......... Direca.... . . . . . Pectinibranchiata.. Trenioglossa...... Melaniidre . • • • • • . Goniobasis tenui.carinata Meek and Hayden. 
Do ...••.....•.. do .••........•.. do .••••.•.•...•.. do .•••.•.••...... do •••••••••• GonioLasis Nebrascensis Meek and Hayden. 
Do- . • . . . . . . . ••• do . • . . . . . . • . •••. do .••••...•...•.. do . . • • • • • . . . . .... do . . • • . . . . . . Goniobasis ten era Hall. 
Do ..•••.••...•• do ....••••...... do .......••..••.. do . . • • . • . • • . Viviparidre . . . . . . . Viviparus trochiformis Meek and Hayden. 
Do ..•••..•..••• do .••.•••....... do .••••......••.. do .•.•..•••..•... do ..••..•••. Viviparus Ionicus White. 
Do ..•••..•..•.• do ..•..•........ do .••••••........ do ..••.••••...... do .••••..... Viviparus? ---(?). 

ARTICULATA. 

Crustace~ ....• ·I· .............. ·I Ostracoda .•••••. ·I· ................ ·I Cypridinidre .•••• ·I Cypris --- (? ). 
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CHAPTER III. 

LOvVER SILURIAN AGE. 

PRIMOHDI.AL PERIOD. 

Pl~AN1,~. 

CRYPTOGAMIA. 
CLASS THALLOGENES. 

GENUS CRUZIANA D'Orbigny, 1842. 

Cruziana Linnarssoni White. 

Plato I, fig. 2 a, b, and c. 

Oruz·iana Linnarssoni White, 1874, Geog. & Geol. Exp. & Surv. west 100th Meri{l., 
Prelim. Uep. Invert. Foss., 5. 

Body not much flattened, oblong or subelliptical in outline, but nar­
rowed and more or less pointed at the ends, ~ne of which is a little more 
acutely pointed than the other; median furro'v traversing the ·whole length 
of the body, the greater part of it being deep and distinct, but a part of it 
is usually more shallow. 

Surface marked by fe,v or no transverse rugre, but upon the more 
pointed end of some of the specimens there is a secondary furrow upon 
each side of tho median furrow ; these converge to tho point where they 
join the median furrovv, but they disappear in the opposite direction before 
roaching the 1niddle of the body. Upon others, an incipient furrow is some­
times seen at each side of the half of the body that is more acutely pointed 
These are near to, and their direction is parallel vvith, the sides of the body. 
This character is shown in figure 2 a and b, Plate I. Stipe rather s1nall, 
attached about 1nidlength of the body in the bottom of the 1nodian furrow, 
but it is, ho,vevor, rarely preserved. 
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PRIMORDIAL PEHIOD. 3B 

Length of body from two and a half to seven and a half centilneters. 
It is not improbable that the foi·n1 represented by figure 2 band c is 

specifically distinct from the forn1 represented by figure 2 a, especially as the 
first-named for1n is quite a constant one among the specimens o~ the collec­
tions. I have, ho·wever, not felt fully wan·anted by the collections yet 
made in separating them under a _different specific name, but I have selected ' 
the form represented by figure 2 a as typical o~ the species here described. 

Con1pared ·with C. dispar Linnarsson, fron1 the Primordial rocks of 
V estergotland, it differs in being more pointed at the extremities and other­
wise of dMferent outline, and also in having few or none of the transverse 
rugre that so distinctly mark that species. From C. grenvillensis Billings 
(Palreozoic Fossils of Canada, vol. i, page 101), it differs in outline, in 
having few or no transverse rugm or wrinkles, and in having a median 
furro·w traversing its whole length _instead of occupying only a part of 
its length as the furrow does in that species. 

It is thought possible that the specimens of this species in tho collec­
tion may have been denuded of rugm before they became ilnbedded, 
because the surface of some of the slabs upon ·which they are found are 
strewn with small bodies that resemble detached rugre. On the other hand, 
such a supposition seems untenable, because some of those slabs are found 
to contain both C. Linnarssoni and the following described species; the 
former being nude 

1

as usual, and the latter having their abundant rugre in 
place. 

The specific name is given in honor of Prof. J. G. 0. Linnarsson, tho 
able Swedish geologist. 

Position and locality.-rronto shale, probably of the Primordial period, 
Grand Canon of the Colorado River, Mohave County, Arizona. 

Cruziana rustica White. 

Pl:.tte I, fig. 1 a and b. 

Cruziana rustica White, 1874, Geog. & Geol. Exp. & Surv. west lOOth Merid., Prelim. 
Rep. InYert. Foss., 5. 

Body more or less elongated, flattened, 1nore or less distinctly bilobed, 
the lobes being depressed-convex and the ends blunt; median furro·w 
extending the whole length of the body and comparatively shallo,v through-
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34 PHil\IOH.DIAL PEHIOD. 

·out; transverse rugre numerous, some of then1 interrupted, but other::; 
extending from the outer borders to the middle of the median furrow, arch­

ing slightly as they cross the lobes. 
Length of the body in proportion with the ·width variable; in some 

specin1ens (perhaps broken ones) the length and width being about equal, 
while in others the length is two or three times as great as the width. The 
width varies in different specimens from three and a half to more than four 
centimeters. It is not improbable that this ~pecies reached a much greater· 
length than is indicated by any of the specimens in the collection, and that 
even the longest of these are only fragments. No indications"of a stipe 
arising from the median furrow, such as is seen in C. Linnarrsoni and other 
species, have been observed. 

This species is larger than C. Linnarrsoni, with which it is associated; 
of very different aspect and of diffei·ent and more variable proportions. It 
somewhat resembles C. bilobata (Fttcoides bilobatus Vanuxen1, Geology of 
the rrhird District of. New York, page 79) of the Clinton group; but the 
proportions of the body and of the lobes, respectively, are different. 

Position and locality.-Tonto shale, probably of the Primordial period. 
Grand Canon of the Colorado River, Mohave County, Arizona. 

ANIMAIJIA. 

MOLLUSCA. 
MOLLUSCOID EA. 

CLAss BRACHIOPODA. 
ORDER L YOPOMA1,A. 

]fAMILY DISOINID~. 

GENUS ACROTR~TA Kutor~a, 1848. 
Acrotreta? subsidua White. 

Plate I, fig. 3 a, b, c, and d. 

Acrotreta? subsidua White, 1874, Geog. & Geol. Exp. & Surv. west lOOth Merid., Prelim. 
Rep. Invert. Ji"'oss., 6. 

Shell thin, corneus, discoid, subcircular or somewhat suboval in out­
line, the transverse diameter being a trifle greater than the longitudinal; 
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sides regularly; and front broadly, rounded;_ posterior 1nargin slightly 

straightened, forming a comparatively short, slightly conve~, or nearly 
straight hinge-line. · 

Doi·sal valve flattened ; beak marginal or nearly. so, not prominent; 

interior su1face having a slightly-elevated median ridg~, heginning beneath 
the beak and extending to about the middle of the valve, where it disap­

pears. 
The condition of all the speeimens 9f this species which the collections 

contain is such that the muscular impressions are not distinctly shown, but 

those of the posterior adductors appear to be small, and plaeed nearly 
beneath the beak, one on each side of. the median ridge just mention~d ; 
between these n1uscular impressions and the posterior Inargin there is, at 
each side, an obscure diverging ridge, or fold, which seen1s to blend with the 

postero-lateral n1argin. 
ventral valve moderately convex. in the umbon"al region, but more 

flattened anteriorly and laterally; beak excentric, some·what pro1ninent, 
and ~inutely perforate. Some of the specimens show what appear to be 

small adductor impressions placed in· the apex, clos~ to the foran1en, one 
· at each side of it One specimen shows a slight flattening of the space 

upon the outer surface, between the apex and the hinge, producing the 

·appearance there of an indistinct! y -defined cardinal area. 
The inner surface of _both valves of all the specimens of this species 

contained in the collections has been more or less exfoliated by weather­
ing, whereby some of the principal characters have been obscured. Con­
sequently, the foregoing description is not only incomplete, but it is probable -
that the discovery of more pei·fect specimens may show necessity for modi­
fying it. The cast of a single v.alve found associated_ with those used in 
this description, showing large and distinc.t muscular impressions, already 
suggests such a modification; but its characters are not en1bodied in the 
description, because that specimen is not certainly known to belong to the 
species·. The specimen referred to is illustrated by figure 3 d,_ Plate I. 
The other specimens all show fine radiating lines in the structure of the 
shell, and also concentric laminre of growth. r_['hey are all compressed in 
dark ·Rhale,. and show only the interior snd~wes of the vnlves, none sho,ving 
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the external surface. The latter is supposed to be la1nellose or otherwise 
so roughened as to have caused it to adhere to the shale, ·while the sn1ooth 

interior surface has readily separated in the plane of fission. 
This shell is not only specifically different frorn any other known to 

me; but in its 'vant of a 'vell-de~ned area and in its discoid, instead of 
pyramidal, form~ it differs perhaps generically from those Discinid(J3 that 
are usually referred to the genus Acrotreta. I have referred it to that genus · 
provisionally, because the combination of its characters renders its reference 

to any other established genus known to me equally inconsistent, and 
because the specimens are not complete enough to base a new generic 
description upon which the species may or n1ay not possess. 

Length of the largest specimen in the collection, six n1illilneters; ·width 
of the san1e, seven 1nillimeters. 

]Josition and locality.-Strata of the Prin1ordial period, probably of the 

epoch of the Potsdan1 sandstone, Antelope Spring, House range, Utah. 

GENUS TREMATJS Sharpe, 1H17. 

Trematis pannulus White. 

Plate I, fig. 4 a and b. 

:Premat-is panmtlns White, 187 4, Geog. & Geol. Exp. & Surv. west lOOth Merid., 
Prelim. Uep. InYert. Foss., 6. 

Associated with Olenell~ts Gilberti l\1eek, a single imperfect specimen 
of T1·ematis has been discovered, which, although consisting only of a 
single valve, possesses such characteristic surface-nutrkings as to indicate 
its specific separation from all other known 'forms of the genus. 

'"fhe diameter of the specilnen is about three millimeters; outline 
apparently snbcircnlar or a little broader than long; apex moderately 
prominent and situated near the posterior margin. Surface marked by a very 
fine net-,vork of oblique raised lines, dividing it up into minute, four-sided, 
pore-like pits, which cause it to resemble, under the lens, the texture of 
finely-,voven cloth. 

In the character of its surface-markings, this species is nearly related 
to T. punctata So,verby, sp., as figured by Davidson in his Monograph of 
British Fossil Brachiopoda, part vii, No. 1. That species, however, reaches 
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a much larger size than our shell, and the ~mall pits that similarly mark 
its surface are six -sided, instead of four-sided as in ours. The surface of 
T. silu.riana Davidson, another allied species, has the pits arranged in radiat­

ing instead of oblique lines. 

Position and locality.-Shales of the Primordial period and probably of 

the Potsdam epoch, Pioche, Nevada. 

MOLLUSCA VE~A~ 

CLASS GAS'l,EROPODA. 
SuBCLAss P1:'EROPODA. 

Ol{DER 1,HECOSOMArfA. 
FAMILY HYOLITHID1E. 

GENUS HYOLITHES Eichwald, 1840. 

Hyolithes primordialis Hall(~}. 

Plate I, fig. 5 a, b, c, d, and e. 

'l'lteca prirnordialis Hall, 1861, Geol. Surv. Wisconsin (pamph.), 48. 

Theca primordia,li.{] Hall, 1862, Geol. Surv. Wisco~sin, i, 21. 
'Theca prinwrdialis Hall, 1863, Sixteenth Ann. Reg. Rep. N.Y. State Uab., 135. 
Hyolithes primordialis Hall and Whitfield, 1873, Twenty-third Ann. Heg. Rep. N. Y. 

State Cah., 242. 
Hyolithes primordialis ?, White, 1874, Geog. & Geol. Exp. & Surv. west 100th :VIerid., 

Prelim. Rep. Invert. Foss., 6. 

Shell slender, acutely pointed; test rather thin; transven~~ section sub­
semicircular or subtrihedral; edges or longitudinal angles nearly or quite 
straight, meeting at an apical angle, varying in different specimens fi~om fif­
teen to twenty degrees; dorsal side slightly convex or nearly flat along the 
n1iddle ; ventral side forming a nearly semicircular arch in transverse sec­
tion, but it sometimes shows an obtuse, rounded angle, extending fron1 apex 
to aperture along the median line; the lateral angles, formed by the junc­
tion of the dorsal and ventral sides, sharply rounded; margin of the aper­
ture .at the flattend side extended and broadly rounded; that of the convex 
side nearly transverse, but somethnes showing a slight emargination at the 
middle. Upon the flattened or dorsal side of the solid stony core of one of 
the specimens, from which the ·t~st is removed, there appears a very slightly 
raised longitudinal ridge, the width of which at all parts of its length is 
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about one-quarter that of the 'vhole width of the shell. This; of course, 
indicates the existence of a shallow, tapering, longitudinal groove upon the 

inner surface of the shell; but, so far as observed, there is no external indi­
cation of its presence. Surface marked by lines and undulations of growth, 

which are apparently strongest upon the flattened side. 
Length, from fifteen to eighteen 1nillhnet~rs. 
In the case of simple· forms like these, it often seems necessary to take 

into careful consideration differences that, in more complex forms, would be 

considered as n1erely individual, or slightly varietal modifications, and there­
fore disregarded. The difference between our spechnens and those of 
Professor Hall, as represented by his figures and description, seems to be of 
this slight char~cter; and it is only in view of the fact just stated that doubt 
is felt as to the specific identity . of our shell with H. primordialis.. The 
principal external differences (the internal characters of Professor Hall's 
shell have not been made known) are that our forms are a little 1nore 
robust, a little less flattened upon the dorsal side~ and the convexity of the 
lines of growth and of the margin of the aperture at that side are a little 
greater. From H. gregaria J\1eek and Hayden, it differs in its greater size, 

·its concentrically-marked surface, and in the outline of its aperture. 
Position and locality.-Strata of the Primordial period, and probably of 

the Potsdan1 epoch, Pioche, Nevada. 

ARTICULATA. 
CLASS CRUSTACEA. 

0RnEI~ 1,RILOBI1,A. 
FAMILY .1-\.GNOSTIDlE. 

GENUS AGNOSTUS Brongniart, 1821. 

Agnostus interstrictus White. 

Plate II, fig. 5 a and b. 

Agnostus interstrictus White, 1874, Geog. & Geol. Exp. & Surv. west 100th Met·id., 
Prelim. Rep. Invert. Foss., 7. 

I!ead and pygidium of almost exactly equal size and general shape 
and otherwise closely resen1bling each other. 
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Head a trifle broader than long, regularly rounded in front;· sides at 

the postero-lateral regions subparallel; postero-l~teral angles truncated; 

the whole exterior margin, including the truncated portions just named, pro­

vided. with a narrow, raised rim, the elevation of which forn1s a linear 
depression, or groove, bet,Yeen it and those portions of the head which it 

incloses ; space between this marginal depression and the glabella a little 
wider posteriorly than it is in front, convex throughout, and its surface 
appare~tly s1noo.t.h. Glabella conical, widest posteriorly, n1oderately con­

vex, sides nearly straight, well defined ·by the dorsal futrows, abruptly 
rounded in front; a 1ninute tubercle situated on the n1edian line near the 
posterior end, and a shallow groove or furrow extending across nem• the 
front end, defining a frontal lobe of moderate size. 

Thorax narro·wer than the head and pygidium, giving the body the 
appearance of being constricted at the middle; axial lobe broad, consisting 
of two segments, both of which are tumid at the ends adjoining the· dorsal 
furrows ; lateral lobes very narrow ; pleurre ahnost as wide as long ; each 
pleura tumid, and rounded at its t;xterior end. 

Pygidiun1 having an outline like that of the head, and is also provided 
with a similar elevated marginal rin1 and linear depression within it ; ax~al 
lobe a little longer than the glabella, and consequently that lobe reaches a 
little nearer the posterior margin of the pygidium than the glabell_a does to 
the anterior margin of the head, ·moderately convex in elevation and also in 
each lateral. outline ; a minute tubercle is situated on the median line near 
the anterior end, con·esponding in size and relative position with the one o~ 
the glabella before mentioned ; space between the dorsal- furrows artd the 

margin convex, its surface apparently smooth; upon the outer edge of the 
border of the pygidium, at each side and a little nearer to the axial extrmnity 
than to the antero-lateral angles, there is a minute protuberance, suggestive 
of an incipient spine. Besides the slight differences between the head and 
_pygidium, already referred to, the pygidium differs also in having a faint 
appearance of segmentation of its axis and in a slight folding-backward of 
the marginal rim at the antero-lateral angles. 

Length of body, eight millimeters; 'vidth of head and also of the 
pygidiun1, five n1illin1eters; width of thorax, four n1illin1eters. 
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rrhis beautiful Agnost-us is quite unlike any described A1nerican species, 

and is more nearly related to A. integer Beyrich, from the Primordial strata 

of Europe, than any other known to me. Compared with that species, it is 
found to reach a larger size ; its glabella is narrowed in front instead of 
having its sides nearly parallel; the axial lobe of the pygidium is nar­

ro·wer behind than in front, instead of being of nearly the same width at 

each end, and has the sides of that lobe convex instead of nearly straight, as 
they are in A. integer. 

Position and locality.-Shales of the Primordial period, probably of the 
Potsda1n epoch, Antelope Spring, IIouse range, Utah, where it is associated 
with Conocoryphe J(ingii Meek, and other fossils of Primordial type, and 
where three entire specimens have been obtained, besides a number of 

fi·agments. 

JTAMILY CONOCORYPHIDlE. 

GENUS CONOCOUYPHE Corc..la, 1847. 

SUBGENUS PTYUHOPARIA Corda, 1847. 

Conocoryphe (Ptychoparia) Kingii Meek. 

Plate II, fig. 2 a, b, and c. 

Conocm·yphe ( Conocephalite8) Kingii Meek, 1870, Proc. Acad. Nat. Sci. Phila., 63. 
Oonocoryphe (Ptychoparia) Kingii Meek, 1872, Geol. Surv. Montana, l<laho, Wyoming, 

& Utah, 487. 

Outline of body ovate; the .width compared with the length being 
about as two to three. IIead semicircular, or nearly so; the exterior 1nargin 

regularly roun~~d, and bordered by a narrow marginal rim, which is nearly 
of uniform width throughout, but is sometimes a little stronger in front of 

the glabella than elsewhere; posterior margin very slightly concave in 
adult specimens, but a little more concave in young ones; near the postero­
lateral angle of the head, this margin bends abruptly backward,· terminating 
in cheek-spines of moderate length; these spines in the adult extend back­
ward to a point about opposite the second segment of the thorax, but in the 
young the spines are proportionally longer, and the whole head larger con1 
pared with the remainder of the body. Glabella slightly elevated above 
the cheeks., clearly defined by the shallo'v dorsal furrows; its anterior end 
reaching a point about one-half its own length fron1 the fi·ont nutrgin of the 
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head ; width at the base, compared with its full length, about as seven to 
eight; sides straight or nearly so ; anterior end abruptly and posterior end 
very b)'oadly rounded ; occipital furrow well defined, and continuous with a 
similar but rather broader furrow at e~ch side, that extends across the cheek 
parallel with and near the posterior margin of the head, giving that margin 
a raised border ; lateral furrows ab~;ent or very indistinct in adult specimens, 
but in well-preserved young ones there are indications of four pairs of lobes. 
Facial sutures curving outward and forward from the anterior ends of the 

eyes, or from a point a little forward of their anterior ends, reaching the 
1narginal groove within the raised border of the head at points a little wider 
apart than the eyes are at their anterior ends, then, bending son1ewhat 
abruptly inward, they cut the anterior margin; posteriorly, the sutures 
extend almost directly outward from the posterior ends of the eyes, then, by 
broad backward curves, which become mor.e abrupt as they proceed, they 
cut the posterior margin of the head not far from its postero-lateral angles 
and just inside the bases of the cheek-spines. 

Eyes rather small, slightly arching outward, placed well back toward 
the posterior margin of the head; visual surfaces narrow, our specimens show­
ing no reticulations; other portions of the head apparently without smface­
markings or ornamentation, except that some specimens show a very faint 

ridge extending transversely from the anterior end of each eye toward the 
anterior portion of the glabella, but ending at the dorsal furrows before 
reaching it. 

Thorax longer than the head, measuring seventeen millimeters in a 
specimen having a head thirteen millimeters long, the same thorax measm·­
ing twenty-five millimeters wide at its widest part; axial lobe depressed, 
narrow; sides straight, about two-thirds as wide as ·one -of the lateral lobes 
at the anterior end of the thorax, about one-third wider at its anterior than 
it is at its posterior end; segments thirteen in number, passing nearly or 
quite straight across the lobe; a slight transverse prominence usua1ly seen 
at each end of every axial segment near the bottom of the dorsal furrows, 
producing the appearance there of a con·ugated, raised line .. along the whole 
length of each furrow; lateral lobes slightly convex, a little widest about 
midlength; pleurre nearly transverse with the axis of the body, nearly 
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straight, but arching a little backward at their outer ends; extremities 
abruptly pointed, the points directed obliquely backward, and also bent a 
little horizontally outward, so as to produce the appearance of a slightly­
flattened, serrated border along each side of the thorax, each pleura hav­
ing a ·well-defined groove, which. is widest and deepest about the middle, and 

extends from the inner end to near the outer extremity, 'vhere it becon1es 
obsolete and ends at the flattened tip. 

Pygidium subsemicircula.r, con1paratively small, only a little 1nore than 
one-third as long as the thorax, regularly rounded behind, 'vhere it has a 

. narrow, flattened border ·of nearly uniform 'vidth all around; axial lobe 
ending at the marginal border;. segments indistinct, but five or six in num­
ber are recognizable in some specimens; lateral lobes much depressed, 
twice the width of the axial lobe at the anterior end of the pygidium ; seg­
ments indistinct, but n1ay be distinguished by their grooves, which are 
deeper than those that mark the limits of each; grooves curving backward, 
and, like those of the pleurre, becoming obsolete upon reaching the flattened 

marginal border. 
The whole surface is apparently smooth, except that there are son1e 

faint indications of radiating strire upon the exterior portions of the head of 
well-preserved specimens, discernible only by means of a lens. 

Length of the largest specimen in the collections, five centimeters; 
breadth of the same across the thorax, thirty-three millimeters. 

Although this species resen1bles an Olenus in general outline and aspect, 
the possession. of blunt and shortened, instead of extended and pointed, 
pleurro, the presence of faint elevated lines between the eyes and glabella, 
the radiating lines upon the surface of the head, together 'vith the other 
characters above described and shown in the figures, leave no doubt as .to 
the propriety of referring it to the genus G_onocoryphe. The presence of 
only thirteen thoracic segments instead of fourteen (the number attributed 
to the genus by Corda) is not regarded as of generic importance in this 
case. 

A number of entire and more or less perfect specimens of this fine 
Trilobite are contained in the collections, but they have all been a little flat­
tened by co1npression. The finer details of structure of most of them have 
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also been obscured by contact with a peculiar accumulation of calcite or 
arragonite in ·the form of a layer from two to four millimeters in thickness 
beneath the whole crust; the crystalline prisms being vertical to the plane 
of the fossil and also to that of the layer of shale in which it was imbedded. 

Position and locality.-Shales of the Primordial period, probably of the 
Potsdam epoch, Antelope· Spring, Hou.se range, Utah. 

FAMILY ASAPHID£. 
GENUS ASAPHISCUS Meek, 1872. 

Asaphiscus Wheeleri Meek.· 

Plate II, fig. 1 a, b, c, d, e, and f. 

Bathyurellus (ABaphiscus) Wheeleri Meek, 1872, Geol. Surv. Montana., Idaho, 'YJoming, 
& Utah, 485. 

Bo~y oblong-ovate in outline; surface smooth. Head depressed­
convex; front margin regularly rounded; postero-lateral angles· abruptly 
rounded, without cheek-spines; exterior margin bent shortly upward all 
around, producing a raised border of considerable width, and also a rather 
deep linear depression~ or groove, parallel with that border and between it 
and the remainder of the cheeks. Glabella conical, much wider behind than 
in front, depressed ; space betw.een its anterior end and the marginal groove 
about equal to the width of the raised marginal rim in front of it ; outline 
well defined by the narrow dorsal furrows; sides nearly straight; anterior 
end abruptly and posterior end broadly rounded, without lateral furrows, or 
at least they ar(1 .hardly discernible ; occipital furrow shallo·w, broad, but 
somewhat distinct and uniform, extending entirely across the glabella, and 
continuous with furrows similar to itself that -extend to the postero-lateral 
angles of the head ; the latter furrows lie parallel with and near to the poste­
rior margin of the head, giving that margin also a raised border, ~omewhat 
like the one upon the exterior margin. Eyes comparatively small, crescentic; 
situated nearly opposite the mid length of the glabella, and nearly equidistant 
from it and the posterior margin.· 

. Thorax havi~g ~ine segn1ents ; its length not quite so great as that of 
~he head; axis broadest anteriorly, more strongly convex, and about one­
third narrower than the lateral lobes are; segments extending straight across 
the lobe; lateral lobes depressed, their greatest convexity along the middle; 
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pleuTro bluntly pointed at their outer ends, the points not being directed 
very strongly backward; their inner ends so joined to the axial segment~ 

that they have the appearance of lapping a little upon them just inside the 

dorsal furrow; grooved, the groove being deepest about midlength, where 

the outer and inner portions of its front border meet at a distinct but very 
obtuse angle; grooves extending from the dorsal fulTow· nearly to the 

extremity of the pleurro, 'vhere they disappear. 

Pygidium somewhat semicircular in outline, distinctly trilobate; seg­
mentation indistinct, so ntuch so in some of the specimens that the stnface 
appears nearly as plain as that of an Asaphus, but the segn1entation is 
usually more distinctly shown upon surfaces fro1n 'vhich the crust has been 

removed; axis prominent, especially at its distal end, where it terminates 
abn1ptly at the inner edge of the broad marginal border; segments of axial 
lobe eight or ten; lateral lobes much depressed, a little wider than the axial 
lobe at the anterior end, and narrowing to an incurved point at the end of 

the axis; the whole exterior margin having a broad, flat border of nearly 
uniform width throughout; the under surface of this border marked by 

fine, somewhat ilTegular, longitudinal striro, such as are usually eeen upon 
corresponding parts of .Asaphus. 

The largest specimen in the collections is about seven centimeters long. 
These specimens are the same that w~re used by Mr. Meek in his 

description .of this species, and upon which he also based his genus 
Asaphiscus. 

Position and locality.-Strata of the Primordial period, probably of the 
Potsdam epoch, near Antelope Spring, l-Iouse range, Utah. 

F .AMILY P AR.ADOXIDlE. 
GENUS OLENELLUS Hall, 1861. 

Olenellus Gilberti lVIeek. 

Plato II, fig. 3 a, b, c, d, and e. 

Olenell-z(;s Gilberti Meek, 1874 (manuscript). 
Olenellus Gilberti White, 187 4, Geog. & Geol. -Exp. & Snrv. west lOOth Merid., Prelim. 

Rep. Invert. Foss., 7. 

Head subsemicircular or semi-oval, the length being to the breadth at 
the posterior border about as four or five to seven; both the external and 
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posterior margins bordered by a narrow, continuous, slightly-raised rim, 
that of the external margin being placed a little within its edge, that of 
the posterior margin continuous across the occipital lobe of the glabella; 
the postero-lateral angles produced into slender spines, which are terete, 

very slightly incurved, not much widened at their bases, and in our speci­
mens are about equal in length to one-fourth of the transverse diameter 
of the head at its base. The posterior margin· of the head, near each 
postero-lateral angle, bends abruptly forward a little, forming a kind of 
notch <?r small retreating angle with the backward-projecting spine, and 
also giving the outer corner of the movable cheek the appearance of being 
rounded. Eyes narrow, broadly arching outward, narrowness and con­
vexity of curve both increasing posteriorly; their outer margins nearly 
equidistant from the center and the outer margins of the head, which dis­
tance is also abo-ut equal to the length of the eye. Glabella distinctly 
lobed, the furrows extending nearly or quite to its center; frontal lobe 
n1uch larger than the others, subcircular in outline, prominent, tumid, 
regularly rounded in front, and a little wider than the remainder of the 
glabella; anterior, middle, posterior, and occipital lobes of nearly uniforn1 
size. 

The remainder of the body is unknown, with the exception of single 
specimens each of the long third pleura of the right side, and one of the 
others, probably belonging behind the third segment. The long one is . 
broadly and somewhat deeply grooved upon the surface of its inner por­
tion, where the anterior edge of the groove is elevated, the groove becom­
ing shallower and narrower up~n the outer portion, and finally disappearing 
toward the point of the pleura;· outer portion of the pleura bending 
strongly but not very abruptly backward, and ending in a strong, flattened, 
spine-like point. The other pleura mentioned is grooved like the long one, 
but the anterior edge of its inner portion is not turned upward, as it is in 
the other. 

The specimens of the collection are all imperfect, consisting only of 
flattened impressions in shale. Consequently, the character of the crust, 
the surface-Inarkings or ornamentation, if any existed, and the original 
convexity of the head are all unkno·wn; but there are indications that the 
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convexity of the head must have been considerable, and that the specimens 
have been much flattened by pressure. 'Vhen pe1fect specimens shall be 
discovered, they may probably necessitate a modification of the foregoing 
description, but it is believed that such discovery ·will not necessitate material 

change. The specimens "of the collection are of various sizes, due to differ­
ence in age ;. the transverse diameter of the head being from one and a half 
to five and a half centinieters. 

This species is nearly allied to 0. Vermontana llall, from strata in 
Northern Vermont, generally referred to the Potsdam epoch; but it differs 
in many respects, the following being among the more important differences 
that appear upon comparing our specimens with the figure and original 
description of that species:-

The frontal lobe of the gla~ella of otu· species does not reach the ante­
rior margin of the head by a space nearly equal to one-third the length of 
that lobe, instead of coming in contact with the frontal margin as in 0. Ver­

montana. The anterior ends of the eyes of our species reach forward nearly 
into contact with the anterior lobe of the glabella, being considerably 
farther forward than they are represented to reach in the figures of the 
Vermont species. In our species, the raised marginal rirn of the posterior 
border of the head extends continuously across the occipital l_obe of the 
glabella, but the figure and description of 0. Vermontana represent no such 
raised rim. The posterior margin of the head of our species is rounded 
forward at the postero-lateral angles, 'vhile the figure of 0. Ver·montana 
represents the posterior border of the head as curving backward, and forming 
sharp, spine-like angles 1vith the lateral margins. The short cheek-spines 
of that species are represented as widening at. the base ; in ours, the cheek­
spines are longer, more slender, and do not thus widen. The long third 
pleura of 0. Gilberti is not bent backward so abruptly as it is in 0. Ver­

'montana, and the former species seems also to have reached a larger size 
than the eastern one. 

Position and locality.-Strata of the Primordial period, probably of the 
Potsdam epoch, Pioche, Nevada, and at Ophir City, Oquirrh range, Ut!lh. 
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Olenellus Howelli Meek. 

Plate II, fig. 4 a and b. 

Olenellus Howelli Meek, 1874 (manuscript). 
Olencll·us Howelli White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., Prelim. 

Rep. Invert. li"oss., 8. 

Head massive, semi-oval in outline, strongly convex, the length on the · 
1nedian line being to the greatest breadth about as three to five; exterior 
margin having a strong, raised border, of nearly uniform width all around, 
and which is also continuous with the moderately strong spines of the 
postero-lateral angles of the head; length of the spines about equal to one­
half the length of the heaQ. on the median line ; posterior margin also 
having a raised border extending on each side from the occipital segment 
to the base of the spines, but not crossing the glabella upon the occipital 
lobe ; width of this border not uniform _like that of the exterior margin, 
but is widest a little beyond the midlength at each side, and narrowest near 
the base of each spine, toward ·which it again suddenly widens, blending 
with both the spine and the exterior raised border; this widening of the 
border there rounds the angle between the posterior margin and the spine, 
and also rounds the postero-lateral angle of that portion of the cheek which 
is inclosed within the raised borders. A shallow, linear depression extends 
around the head just vvithin the raised border, giving the broad cheek­
surfaces the appearance of being slightly inflated. 

Eyes large, very prominent, extending from opposite the anterior 
furrow of the glabella to nearly opposite the middle of the occipital lobe; 
the palpebral lobe of each eye blending with the outer ends of the anterior, 
middle, and posterior lobes of the glabella. 

Glabella large, very prominent, distinctly lobed; the furrows, while 
they are distinct at the sides, are only slightly impressed at the median 
line; occipital and posterior lobe~ of about equal size; frontal lobe large, 
tun1id, vvell defined, extending forward to the shallo,v, .linear depression 
just vvithin the raised border of the anterior margin of the head, regularly 
rounded in front, a little wider than the remainder of the glabella, but not 
higher than the others of its lobes. 
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Surface apparently sn1ooth but the condition of the specimen is such 
that this character is not clearly shown. Remainder of the body unknown,. 
the only specimen discovered consisting of a ·well-preserved head alone. 
Associated with it, however, the spinous extremity of a pleura was found 
that possesses the characteristics of similar parts of Olenellus, and 'vhich 
probably belonged to an individual of this species. 

This species is apparently related to 0. Tlwmpsoni Hall, fro1n rocks in 
Northern Vennont refen·ed to the Potsdam epoch, ·where it is ~ssociated 
with 0. Verrnontana ; but it differs in general outline and proportions, and 
also in many details, as shown by comparison with the figures and original 
description of that species by Professor Hall. The frontal lobe of, the 
glabella in 0. H owelli is wider than those behind it, instead of being nar­
rower than the hinder ones, as they are represented to be in 0. Tlwrnpsoni. 
The details of the exterior and posterior raised margins are different, and 
the postero-lateral spines are not proportionally so strong in our species as 

they are represented to be in that one. The occipital furro'v in ours does 
not extend so distinctly across the glabella as it does in 0. Thompsoni, and 
the occipital lobe is proportionally wider, and extends farther backward than 
it does in that species. It is also related to 0. Gilberti, but differs in gen­
eral proportions of the head, the details of the exterior and posterior bor­
ders, and in the proportional size of the different lobes of the glabella. 

As the genus Olenellus is held by geologists to mark a distinct and 
characteristic horizon in American strata, its discovery in that distant 
locality is peculiarly valuable and interesting. It is also an interesting and 
significant fact that the two species here described respectively represent in 
their specific characters the two originally-described species of the genus 
found associated in the Primordial rocks of Vermont and Canada, as these 
are found associated in rocks of the same period in N eyada. 

The specimens from which ·the descriptions of the two species of 
Olenellus herein recorded 'vere made are the same that 'vere used by Mr. 
Meek in his original descriptions arid naming of the species. 

Position and locality.-Strata of the Pri1nordial period, and probably 
of the Potsdam epoch, Pioche, Nevada. 



PIUMORDIAL PERIOD. 49 

VESTIGIA. 

Plate I, fig. 6 a and b. 

From the same strata that contain Cruziana Linnarrsoni and C. rustica, 

the collections contain some thin pieces of siliceous shale n1arked by a 
number of series of minute tracks that were probably made by soi:ne small 
Cr~stace~n or other Articulate. ·They consist of. double ro·ws of slight 
transverse. depressions upon the smooth surface of the shale, with a plain 
space between each series of "the double ro·w, about half as wide as the 
width of a series, but in some cases the hvo series of tracks constituting 
the double row nearly meet in the center. Each separate minute track 
or depression arches slightly, and, although very narro·w, they are each 
nearly or quite as wide as the spaces between them are. In· some portions, 
each separate depression appears as if it had been twice or tlu·ice impressed 
with minute organs of locomotion of similar size and shape. . The width 
of the double ro1v is about three millimeters, and the transverse length of 
each separ:ate impression or track is hardly more than one millimeter. 
There are about twelve impressions, or separate tracks, in the length of a 
centimeter. 

The tracks pursue a ·slightly tortuous course; the longest series shown 
by the spec~mens in the collection having a continuous length of about six 
eentimeters, but all of them are broken at both ends. No remains have 
been found associated with them that might indicate the characteristics of 
the animal that made them; but the narro,vness and uniformity of the. series, · 
together 'vith the fact that each separate minute track appears to have been 
repeatedly impressed by a series of shnilar organs of locomotion, seems to 
suggest vermiform characteristics, but it does not necessarily follow that 
the animal was a true worm. 

The collections contain no other traces of animal life from these 
shales, and the fonnation has been referred to the Prin;wrdial period mainly 
upon stratigraphical grounds. 

Position and locality.-Tonto shale, Primordial period; Grand Canon of 
the Colorado Rive_r, Mohave County, Arizona. 

4F 
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CHAPTER IV. 

CANADIAN PERIOD. 

PROTOZOA. 

CLASS RHIZOPODA. 

()RnER ~_,ORAMINIFERA. 

GENUS RECEPTACULITES Defrance, 1827. 

Receptaculites --(?). 

The collections contain a single fragment only of one of these strange 
and interesting forn1s. It is too imperfect for specific characterization, but 
is noticed here to make the account as complete as possible of the faunal 

characteristics of the strata 'vhich I have referred to the Canadian period. 
It seems to be a fragtnent from near the base of one of those broad sac- or 
urn-shaped species such as have been described by Mr. Billings from strata of 
the same period in Canada. Both ectorhin and endorhin have been mostly 
removed by weathering, whereby the open ends of the ntunerous close-set 
cylindrical tubes that connected then1 are exposed. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. 
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RADIATA. 
CI_JAss HYDROZOA. 

0RDEH HYDROIDA. 

FAMILY GRAPTOLITID1E. 

GENUS PHYLLOGRAPTUS Hall, 1858. 

Phyllograptus Loringi White. 

Plate III, fig. 1 a and b. 

Phyllograpt1ts Loringi White, .1874, Exp. & Surv. west 100th Meritl., Prelim. Rep. 
Invert. Foss., 9. 

Stipe apparently having the usual quadripartite form of the genus; 
the foliate expansion having a somewhat in·egular elongate-oval outline 
and a moderately narrow axis. Cellules leaving the axis at different angles 
lvith it in different parts of the stipe, ascending along the middle portion 

so as to form an acute angle with the axis, then . sweeping outward with an 
increasing curvature to the lateral margins, where they are at right angles 
lvith the axis, or in some parts of the length of the stipe slightly recurv­
ing. r-ro·ward the apex, the cellules are less curved and form :p10r~ acute 
angles with the axis. Each cellule gradually but slightly increases in size 
as it extends outward to the margin, ·where there are thirteen or fourteen 
in the space of a centimeter. Each cellule is provided at its aperture 
lvith a strong, prominent, recurving lower lip, the edges of ·which in our 
example, it being compressed, have somewhat the appearance of spine-like 
appendages. The stipe being broken at the lower end, the shape of that 
part is known only by inference, and for the same reason the full length 
has not been accurately ascertained, but it was apparently about four 
centimeters long; width, at about midlength, one and a half centimeters. 

~ 'l_1his species has the general aspect of P. typ'us Hall, but it differs from 

that species in the size of its cells and the character of its cell-apertures. 
According to Professor Hall, P. typus has a maximum of twenty-six cells 
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in the space of an Inch, while our species has fron1 thirty-fotu to thirty­
six in the same space. That species is represented as having small n1ucronate 
appendages at the cell-apertures, which those of our species are destitute. of, 
but are provided instead ·with a thickened projecting lo,ver lip. 

Dedicated to the n1en1ory of :Mr. F. '\V. Loring, 'vho 'vas murdered by 
the Apache Indians in October, 1871, w·hile a member of one of the explor­

ing parties. 
Position and locality.-Strata of the age of the Quebec group of Canada; 

Fish Spring, IIouse range, Utah. 

MOLLUSCA. 
~iOLJ.JUSCOIDEA. 

CijAss BRACHIOPODA·~ 
OnnEH LY()J>OMA1,.A. 

:FAl\IILY LINGULIDlE. 

GENUS LINGULA Brugniere, 1789. 

Lingula? manticula SVhite. 

Pla.to III, fig. 2 a and b. 

Lingula? .. manUcula· White, 1874, Exp. & Surv·. west lOOth Merid., Prelim. Rep. In,·ert. 
Foss., 9. 

Shell small elongate-subovate or subelliptical in outline, broadest at or 
a little behind the middle ; beaks pointed. 

Dorsal valve proportionally 'vider than the ventral, moderately convex; 
postero-lateral 1~argins nearly straight, meeting at the beak at an angle of 
nearly forty-five degrees; beak small, depref;5sed; front margin regularly 
rounded. 

Ventral valve proportionally longer than the dorsal in consequence of 
the considerable projection of its beak behind that of the dorsal _valve;~ the 
whole valve, except its prominent beak, corresponding nearly with the whole 
of the opposite one, but its posterior poi'tion is a little more convex trans­
versely than any part of the other valve is ; the beak is more prominent 
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and sharper, and the postero-lateral slopes straighter than they are in the 
dorsal valve. Surface of both valves having a smooth app~arance, but fine 
concentric lines and obscure radiating strire are to be seen under a lens. 

Length of the dorsal valve represented by figure 2 a, Plate III, six 
n1illimeters ; width, fo:nr millimeters. This is the largest valve the collec­
tions_ contain, but it is not improbable that the species attains a larger size. 

This species in general aspect resembles Lingula ac~tminata Conrad, from 
the Calciferous sandstone formation of New York, especially in the narro·w­
ness of the posterior portion of the ventral valve and its slender beak ; but 
it is not proportionally so broad anteriorly as that shell is, and in other 
respects the outline is materially different. The dorsal valve of our shell 
resembles the :figure of a specimen that Professor IIall refers doubtingly to 
Lingula rnosia, from the Potsdam formation of Wisconsin (Sixteenth Ann. 
Regent's Report New York State Cabinet, plate ()~figure 1); but the ventral 
valve of ours is proportionally longe1~ than that figti.re, which is understood 
to represent a ventral valve. If this supposition is correct, that species has 
proportions materially different from those of ours. ·• 

· I refer this species with doubt to the genus Lingula, because the inter­
nal characters of the shell ·are unknown, and because it is now generally 
admitted that among the linguloid shells of the older Paleozoic rocks, 'vhich 
1vere formerly referred to the genus Lingula without question, there are 
really several different genera, all distinct from the recent Lingula~· 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Schell bourne, Schell Creek range, Nevada. 

FAl\iiLY DISOINIDlE. 
GENUS ACROTRETA Kutorga, 1848. · 

Acrotreta pyxidicula White. 

Plate III, fig. 3 a and b. 

Acrotreta pyxidicu.la White, 1874, Exp. & Surv. wes~ lOOth Merid., Prelim. Rep. Invert. 
.. Foss., 9. 

Shell minute; marginal outline subcircular or transversely suboval; 
without observable mesial sinus or fold. Dorsal valve most prominent near 
the umbo; beak small, depressed, but ·well defined, hardly projecting 
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beyond tho hinge-line; cardinal angles rounded; hinge-line short, nearly 
straight; lateral and front margins regularly rounded. 

Ventral valve obliquely depressed-subconical; apex acute, prominent, 

and perforated by a minute foran1en ; n1argin in front of the hinge-line 
regularly rounded; area small, triangular, nearly flat, the angles which it 

forms with the sides of the shell rounded. Surface of both valves smooth, 

or marked by very fine concentric lines of growth. 
Width, two millimeters ; length a little less ; height a little less than 

the length. 
This species, although so minute, seems to be a well-marked one, and 

possesses all the usual external characteristics of Acrotreta, except that the 
ventral valve is not so capacious as it generally is in that genus. It differs 
from A. gemma Billings, fron1 strata of the age of the Quebec group in Ne,v­
foundland, in the less proportionate height of the ventral valve, and in the 
absence of a mesial sinus in the dorsal valve. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Schell bourne, Schell Creek range, Nevada. 

0HDER AR1,HROPO~iA1,A. 

FAl\iiLY STROPHOMENID1E. 

GENUS STROPHOMJ~N A Ratinesque, 1827. 

Strophomena fontinalis White. 

Plate III, fig. 4 a, b, and c. 

Strophomena fontina.Us White, 187 4, Expl. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 10. 

Shell moderately concavo-convex or nearly flat; outline semi-elliptical; 
width from one-quarter to one-third greater than the length; 'vidth at the 

hinge-line varying from a little more to a little less than it is just in front 
of the hinge. Ventral valve slightly convex or somewhat flattened; con­
vexity greatest behind the middle. Dorsal valve slightly concave, and in 
other respects corresponding with the ventral. Ringe and interior of both 
valves unknown. 

Surface of both valves marked by fine, unifonn, rounded, radiating 
strire, which increase by bifurcation, and give the surface an appearance 
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similar to that of the well-known Strophomena fragilis Hall, fro1n the 
Devonian strata of New York and other States. Fine concentric strire are 
also visible under a lens. 

Length, eighteen millimeters; breadth, twenty-four millimeters. 
This species resembles S. recta Conrad in outline, but the surface­

nlarkings are quite different. It also bears a general resemblance to 8. a~trora 

Billings, but differs in having rounded strire of uniform size instead of the 
angular sb·ire of variable size which tha~ species possesses. 
' Position and locality.-Strata of the age of the Quebec group of Canada; 

Fish Spring, House range, Utah .. 

GENUS ORTHIS Dalman, 1828. 

Or this Electra Billings(~). 

Among the collectio_ns made at Fish Spring, House ra1;1ge, Utah, from 
strata of the age of the Quebec group of Canada, are a few impe1fect 
specimens of a species of Orthis that is very closely related to 0. Electra 

Billi~gs (Paleozoic Fossils of Canada, vol. I, page 79), if it is not identical 
with it. In outline, convexity, and the fine striation of the su1face, our 

specimens agree closely with it, but the size is considerably greater than 
that given for 0. Electra. The width at the hinge-line of the largest speci­
men is about sixteen millimeters. 

-~J MOLLUSCA. VERA. 

CLAss GASTEROPODA. 
SuBCLAss DICECA. 

ORDER RHIPHID()GLOSSA. 
Sunon,DER DICHANOBRANOBIATA. 

FAMILY BELLEROPRON'riD1E. 
GENUS BELLEROPHON Montfort, 1808. 

Bellerophon aliegoricus White. 

Plate III, fig. 6 a, b, and c. 

Bellerophon allegoricus White, 187 4, Ex pl. & Surv. wel:it 100th Merid., Prelim. Rep. 
Invert. Foss., 10. 

Shell not above medium size, rather compact, umbilicated ; umbilicus 
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very small; aperture expanded, greatest expansion at the sides, giving it a 
reniform outline; outer volution abruptly convex transversely; liii having 
a moderately large deep notch in front, of uniforrn width, the sides being 
parallel, and rounded at the bottom ; of equal width, and continuous with 
this notch, there is a slightly-elevated, rounded, dorsal band extending along 
the center of the volution until it enters the aperture. Surface-markings 
not preserved in any of the specimens of the collection. 

Extreme width across the aperture, eigh~een millimeters ; postero­
anterior diameter of the shell, seventeen millimeters. 

Although the specimens are imperfect in some respects, they are suf­
ficently weU preserved to show that they represent a species quite unlike 
any other known to me from any of the older Paleozoic rocks .. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. · 

CLASS CEPHALOPODA. 
0RnEu 1,ETl{ABRANCHIA'fA. 

FAl\iiLY ORTHOCERATIDlE. 

GENUS ORTIIOOERAS Breynius, 1"732. 

SunGENCS CAMAROCERAS Conrad, 1842. ~ 

Orthoceras (Camaroceras) colon White. 

Plate III, fig. 5 a, b, c, and d. 

Ortlwceras colon \Vhite, 1874, Expl. & Surv. west lOOth Meri(l., Prelim. Rep. Invert. 
Foss., 10. 

Shell annulated, very slightly tapering; tr~nsverse section oval; 
siphuncle large, peripheral, in contact with one of the broadly-rounded 
sides, its diameter equal to about one-third the short diameter of the sliell; 
septa smooth; convexity nearly uniform, reaching farther forward at the 
natrower sides than at the broader ones ; annulations broadly rounded, 
passing sinuously around the shell, the sinuosity being greater upon one of 
the broad sides than it is upon the other; interspaces nearly corresponding 
in width and curvature with the annulations. Surface~markings unknown. 

Long diameter, eighteen millimeters ; short diameter, fifteen millime­
ters; distance from center to center of the annulations, six millimeters. 
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The only specimen contained in the collections is the one figured on 
Plate III. It has the appearance of being slightly curved, as sho·wn in 
figure 5 c, which, if n~tural, of course removes it from the genus Ortlwce­
ras; but, as the specimen has been a little compressed at one end, it is 
thought the curvature is due to that cause alone. If originally straight, as 
it is thought to have been, it properly belongs to the subgenus Carnaroceras 
of Conrad, as is sho·wn by the large peripheral siphuncle. 

Numerous annulated species of Ortlwceras have been published, but. 
the one here described possesHes characteristics that s~em to clearly distin­
guish it from them all., Compared with 0. pulchr,un~ Barrande, it differs in 
having sinuated instead of direct annulations, an oval instead of a circular 
transverse section, and in having a larger siphuncle, ·which is also peripheral 

instead of central. From 0. annulatwm Sowerby, as figured and described 
by _Barr!tnde (not Endoceras annulatu1n Hall), it differs in its proportionally 
narrower annulations as compared with the interspaces, its oval instead of 
circular or nearly_ circular transverse section, and in its larger and periphe­
ral instead of central siphuncle. From 0. clulce Barrande, it differs in its oval 

nstead of circular transverse section, and in its larger siphuncle, which is 
also peripheral instead of central. From 0. undulostriatun~ Hall, it differs in 
the course of its sinuous annulations, ·which both species possess, and in its. 
much larger and peripheral instead of central siphuncle. With 0. furtivun~ 
Billings from the Calciferous· formation of Canada, it is closely related in 
the character, size, and position o~ the siphuncle, but differs in its oval 
instead of circular transverse s~ction, and also in the direction and character 
of the annulations. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. 

FAMILY OYRTOOEI~ATID1E. 

GENUS CYRTOCERAS Goldfuss, 1833. 

Cyrtoceras --(?) 

Among the collections from strata of the age of the Quebec group, at 
Fish Spring, House range, Utah, there is a specimen of Cyrtoceras, too 
imperfect for specific characterization, but which resembles in general aspect 
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C. metelhts Billings, fron1 the Que bee strata of Canada. The curvature and 
proportions are similar to those of that species, and the septa are equally 
numerous and close-set. 

ARTICULATA. 
CLASS CRUSTACEA. 

URDER OS1,RACADA. 

FAMILY CYPRIDINIDlE. 

GENUS LEPERDITIA Rouault, 1851. 

Leperditia bivia White. 

Plate III, fig. 7, a, b, c, and d. 

Lcperditia biv·ia White, 1874, Expl. & Surv. west lOOth Merid., Prelim. Rep. Invert. 
Foss., 11. 

Shell not quite equivalve, inflated, the greatest transverse diameter 
being about midlength and below the middle; obliquely subovate in out­
line, ·widest behind the middle; the straight hinge-line about equal in 
length to two-thirds the entire length of the shell, and ending both poste­
riorly and anteriorly in a small, distinctly projecting angle, which it forms 
with the anterior and posterior margins respectively ; posterior margin 
obliquely rounded, and provided with a moderately broad, somewhat flat­
tened border; anterior margin abruptly rounded, having also a similarly­
flattened border; the flattening of the borders of both valves and at both 
ends becoming obsolete upon reaching the ventral margin, which is broadly 
rounded ; ventral border of the left valve bent sharply inward, and even a 

little upward, producing a narrow, plain, area-like surface there, which 
tapers to. a sharp point at each end, and is nearly equal in length to the 
hinge-line; ventral border of the right valve not bent inward like that of 
the left, but the general convexity of the valve extends to the ventral edge. 
Upon the ventral border of this valve, near its edge, there are two distinct, 
comparatively large pores, which open divergingly upon the surface; the 
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distance behveen them being equal to a little more than half the length of 
the hinge-line. Eye-tubercle not detected. Surface apparently smooth. 

'fhis species agrees nearly in size ·with, and bears a close general 
resmnblance to, L. Canadensis Jones, from the Calciferous sandstone forma­
tion of Canada; but it may be readily distinguished from that species by 
the prominent angles at the ends of the hinge-line, the laterally-flattened 
anterior and posterior borders, the greater convexity belo·w the middle, and 
by the presence of the two large pores at the ventral bor~er of the right 
valve. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Queen Spring Hill, Schell Creek range, Nevada. 

Collected by l\ir. J. E. Clayton. 

ORDER 11RILOBI1,A. 

FAMILY ASAPHID~. 

GENUS MEGA.LASPIS A.ngelin, 1854. 

Megalaspis belemnurus White. 

Plate III, fig. 9. 

Mega.laspis belemnu-rus White, 1874, Exp. & Surv. west lOOth Merid., Prelim. Rep. 
Invert. Foss., 11. ~ 

· Pygidium subtriangular in outline, moderately convex transversely, 
and only slightly convex along the median line; length compared with the 
width across its anterior end about as fifteen to twenty-two; each outer 
margin having a wide smooth border, the outline of ·which is only slightly 
convex except near the antero-lateral angles, where the convexity increases 
and the angles are abruptly rounded; anterior margin moderately convex; 
posterior extremity ending in a short spine-like process; segmentation some­
what indistinct, but is most apparent upon the anterior portion of the axis; 
trilo bation also rather obscure; axis depressed, slightly higher than the 
adjacent portions. of the lateral lobes, its 'vidth equal to about one-half the 
width of a lateral lobe, ending posteriorly in the elevated t~rminal portion 
of the pygidium; dorsal furrows moderately distinct upon the anterior half 
of the pygidium but become obsolete posteriorly; lateral lobes slightly 
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convex, indistinctly defined externally by the ·broad, nearly flat margina 
border; their inner sides more clearly defined, especially their anterior 
portions, by the dorsal furrows. Surface apparently smooth; but .this 
character, as 'veil as the remainder of the body, is unknown. 

Length of the pygidium from the front end to the base of the caudal 
spine, fifteen millimeters; width of the same between the antero-lateral 

angles, twenty-two millimeters. 
This species is closely related to ..A.saplt~ts (Megalaspis)goniocercus 1\leek; 

but it differs from that species in its less distinctly triangular outline, its 
greater proportionate width, its proportionally narrower axis, and rather 
more distinct dorsal fm·rows. In general aspect, the pygidium of our species 
resembles that of a Dabnanites, but the obscure trilobation and segmenta­
tion separ~te it from that genus. It has not so complete a consolidation of 
the component elements of the pygidium as ..A.sapltus has ; and no striation 
of the under surface of the marginal border has been observed, such as is 
common in the genus ..A.saphus. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Queen Spring IIill, Schell Creek range, Nevada. 

Collected by Mr. J. E. Clayton. 

F Al\1ILY (~). 

GENUS DICELL9CEPHALUS Owen, 1852. 

Dicellocephalus ? flagricaudus White. 

Plate III, fig. 8 a and b. 

Dicellocepltalus jlagricaudus 1Vhite, 187 4, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 12. 

Pygidium contracted-fan-shaped; lateral lobes each consisting of three 
segments directed backward; the inner one of each side lying close to the 
dorsal furrow, nearly parallel with the axis of the body or converging a little 
posteriorly, and becoming obsolete upon each side of a .small, but com­
paratively wide, sloping border that extends around the posterior end of 
the axial lobe. 

The middle pair of segments con11nence at the dorsal furrow of each 
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side respectively near the anterior end of the p·ygidium, bena abruptly, 
and extend backward parallel with the first, and project beyond the border 
as converging posterior spines. The third and outer pair of segments com­
mence anteriorly at the dorsal furrows, where they are very narrow, extend 
outward a little, then curving abruptly backward they lie parallel with the 
others and form raised lateral margins of considerable but unequal width 
to the pygidium, and thence they extend posteriorly as an outer pair of 
converging spines. Axis prominent, especially at its apex, ·where it terminates 
in a moderately distinct angle, about one-quarter wider anteriorly than 
posteriorly, well defined by the nearly straight dorsal furrows, and marked 
by five or six distinctly deiined segments, which cross it almost transversely, 
but with a slightly sinuous course. 

Length of the pygidium along the median line, seven millimeters; 
greatest transverse diameter, nine millimeters. 

The collections contain only the pygidium of this species, and I have 
therefore referred it doubtingly to Dicellocephalus, although it might perhaps, 
with equal propriety, be referred to Amphion. It has a general resemblance 

· to the pygidium of n. magnificus Billings, and a still closer resemblance to 
D.? cora Billings, from the Quebec group of Canada. 

Position and locality.-Strata of the age of the Quebec group of Canada; 
Schell bourne, Schell Creek range, Nevada. 
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CHAPTER V. 

TRENTON PERIOD. 

RADIATA. 
Cr~Ass HYDROZOA. 

0RDEH IIYDROIJ).A. 

FAMILY GRAPTOLITID.LE.-

GENUS GHAPTOLITIIUS Linmeus, 1736. 

SunGFNUS CLIMACOGRAPTUS Hall, 1865. 

Graptolithus (Climacograptus*) ramulus White. 

Plate IV, fig. 3 a, b, and c. 

Graptolithus (Climacograptus) ramulus White, 1874, Exp. & Surv. west 100tll Merid., 
Prelim. Hep. Invert. Foss., 13. · 

Stipe slender, bifurcating; bearing cells upon both edges below the 
·bifurcation and upon one edge only (the outer) above that point, so that 
each series of cells is continuous fro1n the comn1on, proxin1a.l, extremity to 
the distal extremities of the branches respectively. The body of the stipe 
throughout is moderately thin and flat, but the cells are inflated so that 
their tral1sverse diameter is considerably greater than the thickness of the 
stipe; cells moderately large, each bearing upon its outer ·wall about n1id-

*I am inclined to think that the two groups into which Professor Geinitz bas divided his genus 
Cladograpsus should be designated by separate generic or subgeneric names. In that case, it seems proper 
that his first group should retain the name CladograpsuH, which would replace Clintacogmptus of Profes­
sot· Hall, while the second group seems to agree with Dicl!J?lW[JI'GJJBilB of Professor 1\IcCoy. Possibly, bow­
ever, tho peculiar character of the cells of the species above dcscri bed may hereafter require a new generic 
designation. 
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height a slender outward-projecting spine. The cells are of peculiar shape; 
as sho·wn .in the enlarged figures on Plate IV, and their apertures appear to 
have been lateral, but of this I am not entirely satisfied. If they are so, it 
is rather remarkable that they are all upon one side, in vie·w of the fact that 

bilateral symmetry of the stipe is so prevalent throughout the fan1ily. 
This species has the general aspect of G. ramosus Hall from the dark 

shales at Norman's !(ill near Albany, New York, and before its microscopic 
examination it was supposed to be identical with it. It is found, however, 
to differ very materially in the form of its cells and the character of the 

stfpe, ~ may be seen by comparing our figures ·with those of G. ramosus 
on Plate A, Decade II, Geological Survey of Canada. 

Among these differences, there is one at least that seems to modify its 
relation to the subgenus Climacograptus, and especially to that section of it 
to which G. ramosus is assigned by Professor H~ll. This is the presence of 
inflated cells of irregular forn1, projecting from the general su1face of the 
stipe, instead of having the cells short and square, and hollowed out of 
the body of the stipe,-characters which are understood to distinguish Oli­

macograptus. Among the specific differences between our species and G. 
ramosus are the different proportions and shape of the cells, the presence 
of spines upon all of them in our species instead of upon a part only, and 
the position of the spines about midway instead above the cell-aperture as 
in that species. 

Position and locality.-Sh~les, probably of the age of the graptolitic 
shales at Norman's .I(ill.near Albany, New York; five miles north of Bel­
mont, Nevada, where it is associated ·with the three following-described 
species. 

SUBGENUS DIPLOGRAPTUS M'Coy, 1850. 

Graptolithus (Diplograptus) hypniformis White. 

Plate IV, fig. 4 a and b. 

Graptolith'lts (DiplograptwJ) hypniforrnis White, 1874, Exp. & Surv. west lOOth 1\Ieriu., 
Prelim.· Rep. Invert. l!""'oss., 12. 

Stipe simple, slender; sides flat; edges nearly straight and nearly 
parallel; the increase in ·width from .the proximal or basal end toward the 
distal end being very slight, except near the base; serratures deep. naiT01V, 
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sharply rounded or angular at the bottom; inner and outer sides both ris­

ing at acute angles with the ·axis of the stipe, those of adjacent cells join­

ing together to form moderately long, slender, mucronate points, 'vhich are 
directed strongly up,vard between the cells. At the basal end of the stipe 

small, downward-diverging points are sometimes seen, such as those pos­
sessed by G. Whitjieldi Hall, and other allied species; like thotJe species 
also, ours has a slender, thread-like axis, passing longitudinally through the 
center of the stipe and extending beyond the distal cells; serratures, or cells, 
about twelve in the length of a centimeter, but they have the aspect of 
being somewhat more numerous, because of the narrowness of the c~lls 
occasioned by the acuteness of the angle which the cell-axes form with the 
axis of the stipe. Exterior width of the stipe behveen the mucronate points 
of each side often less than two millilneters, and seldom more. Length of 

stipe, from one to three centimeters. 
Upon the pieces of graptolitic shale in the collections are numerous 

stipes doubtless belonging to this species, but most of them have their 
details of structure so far obscured that it is difficult to distinguish them; 
the mucronate points bet,veen the cells, being delicate, are often rem9ved, 
in which case the serratures have a blunted appearance. The more perfect 
stipes have somewhat the aspect of portions of those of Hypnum, or other 
related mosses, which circumstance has suggested the specific name. 
. This species is related to G. Whitjieldi Hall from the graptolitic shales 
at Norman's Kill near Albany, New York; but the prolongations of the cell-:; 
·walls are mucronate, pointing up,vard, in ours, and not setmform, pointing 
outward, as in that species. Ours is also a smaller and more slender species, 
and has proportionally narrower cells. 

Position and locality.-Shales,. probably of the age of those at Norman's 
!(ill, near Albany, New York; five miles north of Belmont, Nevada, .. where 

it is associated with the last described, and also with the two following 
spemes. 
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Graptolithus (Diplograptus) pristis Hall, (')· 

Plate IV, fig. 2 a and b. · 

1 Prionotus pristis Hisingor, 1837, Lethrea Suecica, 114. 
Graptolithus pristis Han, 1847, Paleontology of New York, i, 265. 
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Stipe flattened; outline of the broader sides sublinel!tr or very elongate­
oblanceolate; cells moderately large, their upper sides or apertures being 
transverse and the outer sides sloping directly downward and inward gives 
the edges of the stipe a distinctly dentate appearance as it is compressed 
in ~he shale. Like related species, this has a slender thread-like axis passing 
longitudinally through its middle and extending beyond the distant cells. 

In my preliminary report on these collections, this species was con­
founded with G. quadri1n~tcronatus Hall~ ; fragments of the two species 
being mingled in the same pieces of shale. This circumstance modified 
my description of that species, but the correction is made in this report 
from the study of more perfect specimens. Our examples show some 
li:fferences from the typical forms of G. pristis, but they correspond so 
nearly with them that I do not at present feel warranted in proposing a 
separate specific name. 

Position and locality.-Shales of the Trenton period, probably of the 
Utica epoch; five miles north of Belmont, Nevada, where it is associated 
with the two species last described, and also with the following on:e. 

Graptolithus quadrimucronatus Hall(')· 

Plate IV, fig. 1 a and b. 

Graptolithus quadrimucronatus Hall, 1865, Geol. Surv. Canada, decade ii, 144. 
GraptoUthus quadrimucronatus? White, 1874, Exp. & Surv. west 100th Merid., Prelim. 

Rep. Invert. ~,oss., 13. 

Stipe quadrilateral, transverse section oblong, gradually but slightly 
increasing in diameter from the proximal or basal end to about midlengtb, 
·where the maximum size is reached; cells opening on the two narrower 
sides of the stipe; their apertures opening obliquely upward, being narrow, 
transverse, four-sided slits of uniform size, about half as wide as ihe inter­
spaces, their length equaling the full diameter of the stipe; the outer 
corner of each cell-aperture provided with a minute projecting point. 

5F 
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The specimens of the collection are all co1npressed upon shale; but 
there are among them examples of stipes compressed in the various postures 
they happened to assume when prostrated. rrhese enable us to make out the 
structure as above indicated with comparatively little difficulty. Without 
bearing in mind the quadrilateral form of the stipe, one may mistake the 
confusion of details ·which the laterally-compressed specimens exhibit for 

examples of _two stipes of an ordi?ary Diplograpttts lying parallel and com­

pressed together; but the adjustment and uniformity of the parts show 
that they all belong to a single body. . 

This species, so far as can be determined from the specimens of the 
collection, is so closely like ·G. qttadrimucronatus Hall, from the "Utica slate 
formation, Lake Saint John, east from Blue Point"; that I prefer to assign 

it provisionally to that species rather .than to a ne·w one. Our specimens, 
however, are more delicate and slender, and the mucronate points much 
less conspicuous than they are in the typical forms. The cells are also a 
little more prominent and the cell-apertures proportionally 'vider vertically. 

Position and locality.-Shales, probably of the age of those at Norman's 
J(ill, near Albany, New York; five miles north of Belmont, Nevada, where 
it is associated with the three species last described. 

CLASS ACTINOZOA. 
0RDEH ZOANTHARIA. 

FAMILY FAVOSITIDlE. 

GENUS MON·riOULIPORA d'Orbigny, 1850. 

Monticulipora D~lii Edwards and Haime. 

Plate IV, fig. 5. 

Olt.mte'te..~ Dalii Edwards <'t Haim ... , 1851: l\fonographie cles Pol~·piers Fossiles, 266. 

Coral dendroid; the branches cylindrical, six or eight millimeters in 
diameter;" surface marked by small, slightly-raised mammillations, distant 
two or three times their own diamete1: from each other; calyces subequal 
in Rize, about one-quarter of a millimeter in" dimneter. 
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Our specimen presents no material difference. fron1 the figures and 
.description given by Edwards and Haime, and it evidently b~longs to that 
species. 'I'heir type-specimens were obtained by de V erneuil from strata 
of the Trenton period in Ohio. 

Position and locality.-Strata of the age of the Trenton period; Silver 
Canon, Pahranagat range, Nevada. 

GENUS FA VOSITES Lamarck, 1816. 

Favosites --(?). 

Among the collections are some specimens of Favosites that were 
obtained from strata of the Cincinnati epoch, both at Silver City and Upper 
Mimbres Mining Camp, New Mexico. They have been mostly silicified, 
by which change their }vall-pores and other minute details of structure 

have been obliterated. 
The specimens have the general aspect of F. Gothlandica, and, indeed, 

of several other admitted species also. But in vie"r of the small number of 
characteristics possessed by even well-preserved specimens of this genus 
that may be relied upon for specific discrimination, and also of the imper­
fect condition of the specimens contained in the collections, no specific des­
ignation is given them~ 

FAMILY TREOIDlE. 

GENUS FAVISTELLA Hall, 1847. 

Favistella stellata Hall. 

Plate IV, fig. 6 a, b, and c. 

Favistella stellata Hall, 1847, Paleontology of New York, i, 275. 
Oolumnaria alveolata Ed wards et Haime, 1851, ¥onographie des Polypiers Fossiles, 309. 
Favistella stellata Hall, 1862, Geot. Wisconsin, i, .430. 
avi.Yt ella stellata Dana, 1862, Manual Geol., 220; ib., 2d ed., 1874, 204. 

Coral forming an irregular compact or subhem~spherical mass ; cells 
varying in diameter from two to four millimeters, the average being abo-t1t 
three millimeters; ·t~e number of sides of each cell also varying ftom four ..., 
to seven ; diaphragms numerous, flat, or !learl y so, at their central por­
tions, but are bent downward a little at their margins, where they join the. 
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vertical walls, which gives them the appearance of being slightly convex; 
some ten or twelve rays, or dissepiments, extend upon the surface of each 
diaphragm, from the walls to its center; ·walls well developed and vertically 
striated as if by undeveloped rays. 

I am unable to perceive any specific difference between the specimens 
contained in the collections and those which I have collected from the 
localities that furnished Professor Hall with the type-specimens of the 
species. 

Not having the means at hand for making a critical investigation of 
the grounds upon which Edwards and Haime referred this species to Colum­
naria alveolata Goldfuss, rejecting both the genus and species as established 
by Professor Hall, I make use of the names given by the last-named 
author. I do this with little hesitation, not only for the reason just 
stated, but also because the fossil under consideration is widely known and 
generally recognized by that designation among American geologists. 

The specimens of the collection are all silicified, by which means they 
have lost some of their finer markings and details of structure; but a few of 
the cells are in a fine state of preservation. 

Position and localily.-Strata of the Trenton period, Cincinnati epoch ; 
Silver City, New Mexico. 

FAMILY CYATHOPHYLLIDlE. 

GENUS ZAPHRENTIS Rafinesque et Uliif'ord, 1820. 

Zaphrentis -- (?). 

Some specimens of Zaphrentis were also obtained from the strata of 
the Cincinnati epoch, at Silver City, New Mexico. They are either too 
imperfect or possess too few characters to ·distinguish them specifically, and 

they are noticed only for their generic value in a faunal summary of the 
strata of that region that I have referred to the Trenton period. 
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MOLLUSCA. 
MOLLUSCOID EA. 

CLAss BRACHIOPODA. 
ORDER ARTHROPOMAl''A. 

FAMILY STROPHOMENIDATI. 

GENUS STROPHOMENA Rafinesque, 1827. 

Strophomena filitexta Hall. 

Plate IV, fig. 8. 

LeptmnafilitextaHall, 1847, Paleontology of New York, i, 112. 
Strophomenafilitexta Hall, 1859, 12th Reg. Rep. N.Y. State Cab., 70. 
Strophomenafilitexta Meek, 1873, Paleontology of Ohio, i, 83. 
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Shell a little above n1edium size compared with other species of the 
genus; concavo-cpnvex, semi-oval or subsemicircular in outline; widest at 
the hinge-line, or, in rare cases, a trifle narrower there than it is a little 
farther forward; sides generally forming an angle of about forty or forty­
five degrees with the hinge-line; lateral and front margins continuously 
rounded, with a nearly semicircular curve. 

Dorsal valve depressed or flattened in the umbonal region, but some­
what regularly arching from that part to the front and lateral margins; 
beak hardly distinguishable as such; area very narro·w, projecting directly 
backward. 

Ventral valve broadly conpave, except near the beak, where it rises into 
a slight convexity ; beak small, not prominent ; area moderately high, its 
posterior or outer border sloping a little laterally but. not forming an acute 
angle at the hinge-extremity with it~ cardinal or inner margin; foramen 
triangular and closed by a prominent pseudo-deltidium; hinge-~eeth. well 

developed ; dental laminre continuous. fron1 the bases of the teeth with a 
prominent ridge, which almost or entirely encircles the concave depression 
occupied by the muscular scars; this depression sometimes having a narrow 
ridge extending longitudinally through its middle ; cardinal margin of the 
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area sharp ; anterior and lateral margins of the valve thickened and 
roughened by the vascular markings, which are n1uch less distinct within 
the thickened bordsr than they are upon it. 

Su1face of both valves marked by fiue, close-set, radiating strire, often 

of so1new hat unequal size, the smaller ones being those that are implanted 
at various distances from the beak between those that are continuous from 

it to the margins ; under a lens, the radiating strire are seen to be finely 
crenulated by the crossing of numerous delicate concentric strire. 

Co1npared ·with authentic specimens of S. jilitexta, and also 'vith those 
of associated species to which it is closely related, our specimens correspond 
1nost nearly 'vith those of the species to which they are here referred, 
although they present some slight differences. 

Length, twenty-two n1illimeters; breadth, thirty-four millimeters. 
Position and locality.-Strata of the Trenton period, Cincinnati epoch; 

Silver City, New Mexico. 

GENUS LEPTJENA Dalman, 1828. 

Leptrena sericea Sowerby (~). 

Plate IV, fig. 7. 

Among the £ossils collected at Silver City, New Mexico, from strata 
that are unmistakably referable to the Cincinnati epoch, are a few imperfect 
specimens of Leptcena that I refer with some doubt to the species generally 
recognized in America as L. sericea Sowerby. The specimens are too 
in1pmfect to base a specific description upon, but enough is shown to indi·cate 
that if they are not specifically identical with. L. sericea, they belong to a 
closely-related and representative species. 

GENUS OU.THIS Dalman, 1828. 

Orthis occidentalis Hall. 

Plate IV, fig. 11 a and b. 

Ortltis occidentalis Hall, 1847, Paleontology of New. York, i, 127. 
Ortkis sinuata Hall, ib., 128. 
Ortltis subjugata Hall, ib., 129. 
Orthis occidentalis Meek, 1873, Paleontology of Ohio, i, 96. 

Shell moderately large, suboval or snbquaclrate in outline, the trans-
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verse diameter being greater than the longitudinal; dorso-ventral diameter 

comparatively small in young shells, bl!-t it increases with age, so that some 

old shells are very ventricose; hinge-line sometimes ::t little less than the 

greatest width of the shell, but generally about equaling it; usually, the . 
antero-lateral margins are regularly rounded and the front a little emargi­

nate; postero-lateral margins generally almost straight fi~om about the mid­

length of the shell to the extremities of the hinge-line, ·with which they 

form more or less distinct angl~s. 

Dorsal valve more convex than the ventral, even in the young, and it 

increases in convexity with age n1ore than the ventral valve does; greatest 
convexity at or behind the nliddle, an indistinctly-defined longitudinal 
depression, or mesial sinus, is observable in many shells, but in some it is 
absent, even at the front margin, and is represented only by a slight flat­

tening of the valve in the visceral region; urnbo prominent; beak abruptly 

incurved; area mod~rately wide in the middle, narrowing to acute points 

at the extremities of the hinge-line, concave transversely;. foramen broad 
at base, triangular. 

Ventral valve broadly convex, convexity greatest near the beak; sides 
very slightly convex transversely; mesial sinus scarcely defined on the 
posterior half of the valve, but in front it consists of a broad, usually very 

shallow depression, which becomes obsolete about the middle of the valve; 
beak moderately prominent; area a little 'vider than that of the dorsal valve, 
an~, like that area, it ends in acute angles at the extremities of the hinge­
line; this area less arcuate than the other, sometimes arching a little back­
ward, sometimes vertical with the plane of the valve, and so1netimes 
inclining a little forward ; foramen triangular, a little higher than wide, 
extending to the apex of the beak. 

Sinface of both valves marked by distinct, prominent, radiating strire, 

which increase. both by implantation and bifurcation, and are crossed by a 
few concentric lines of growth. 

Mature specin1ens average about two and a half centimeters in length 
and three centimeters in breadth. The more gibbous specimens of that 
size sometimes reach nearly two and a half centimeters in dorso-ventral 
dian1eter. 
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Several varieties of 0. occidentalis have been described as distinct 
species. Those of the collections agree 'veil with the typical forms of the 

species, but it is not unlikely that future examinations of the strata from 
which they were collected will reveal associated varietal forms similar to 
those of the typical localities. This shell is one of the most common of 

those which characterize the rocks of the Cincinnati epoch, having been 

found in strata of that age in Ohio, Indiana, Illinois, Iowa, and Wisconsin, 
at which places it is understood to prevail in, if it is not confined to, the 

upper part of the group. . 
Position and locality.-Strata of the rrrenton period, Cincinnati epoch; 

Silver City, Nevada. ' 

Orthis testudinaria D~lman (~). 

Associated with the foregoing at Silver City, New l\tlexico, some 
imperfect specilnens of an Orthis ·were obtained that very closely resemble 

0. test-udinaria, but they are not sufficiently perfect to allow of a satisfactory 
deternlination of their specific identity. rrheir association in the strata there 
'vith species that are undoubtedly identical with the common associates of 
0. testudinaria elsewhere adds force to the supposition that our specimens 
belong to that species. 

Orthis plicatella Hall(~). 

Plate IV, fig. 10 a, b, c, and d. 

Orthis plicatella Hall, 1847, paleontology ot' New York,i, 122. 
Orthis plicatella Meek, 1873, paleontology of Ohio, i, 108. 

Shell rather small suboval or somewhat semi-elliptical in outline, wider 
than long; length of hinge-line generally a little less than the greatest 
breadth of the shell; sides regularly rounded to the front, which is broadly 
rounded with an elliptical curve. 

Dorsal valve not quite so convex as the ventral, most prominent about 
the 1niddle ; beak depressed ; area directed backward, narrow at the middle, 
and diminishing to a point at each hinge-extrmnity; foramen triangular, 
broad at its base, comparatively large; muscular scars not distinctly defined, 
but are separated by a comparatively broad, slightly-raised, medial ridge; 
cardinal process sn1all, nan~ow, wedge-shaped, the larger end inward, not 
filling the foramen; cardinal sockets sn1all; brachial processes moclerately 
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etrong, supported by a thin lamina in young shells, and by a still greater 
thickening of shell-substance beneath them in older ones. 

ventral valve gently arching from beak to front, and also from side to 
side ; greatest convexity near the beak, which is abruptly pointed and pro~ 
jects backward beyond the hinge-line; area wider than that of the dorsal 
valve, and like that area it diminishes to a point at each extremity of the 
hinge ; foramen trianguiar, extending to the apex of the beak. 

Surface of both valves marked by strong, elevated plications, which 

are slightly flattened, or have a narrow linear depression along the back, 
each interspace also having a corresponding slender, slightly-raised line 
along its middle. So far. as. observed, all the plications extend without 
interruption from the umbonal region of each valve to the margins. The 
plications are shown distinctly upon the inner surface. of the valves, especi­
ally at the margins, where also slight linear depressions are seen that mark 
the places of the raised lines between the plications on the outer side. 
Very fine concentric strire are visible under a lens upon the outer surface, 
which, in consequence of erosion probably, are usually more distinct between 

the plications than upon them. 
This shell is referred with doub_t to 0. plicatella Hall. It agrees with 

that shell in general characters, and yet it presents differences that are at 
least as great as those which separate 0. jissicosta- Hall from 0. plicatella. 

It is also much like 0~ tricenaria Conrad in some of its features, but seems 
to differ from that shell as much as from 0. plicatella. The differences from 
the latter are the continuity of all (~) the plications from the umbonal region 
to the margin without bifurcation or implantation, the slight flattening or 
depression of the back. of each plication, and the presence of the slightly­
raised lines at the bot~om of the interspaces. Since the species is known 
to be a variable one, I am disposed to regard these differences as only 
varietal until further comparisons can be made. 

Length of one of the largest specimens in the collection, fifteen milli­
meters ; breadth, eighteen millimeters ; distance from center to center of 
the pli_cations at the front margin, about one and a half millimeters. 

Position and locality.-Strata of Lower Silurian age, probably of the 
r:rre11ton period ; Fossil Butte, near Hi co, Nevada. 
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Orthis biforata Schlotbeim, var. lynx. 

Plate IV, fig. 9 a and b. 

Shell nearly equivalve; width e'xceeding the length; hinge-line vary­
ing in length from a little greater to a little less than the greatest width of 
the shell, usually a little less; cardinal extremities generally more or less 
prominent in either case ; cardinal area present and nearly alike in both: 
valves; they are narrow, well defined, each having a triangular foramen;, 
dorso-ventral diameter varying with age from equal to one-half the trans­
verse diameter to the full extent of the sa1ne; in the latter case, the shells 
have a compact subglobose form. 

Dorsal valve having a prominent, well-defined mesial fold, sometimes 
a little rounded but often quite angular, narrow, but distinct at the beak, 
and rapidly increasing in ·width toward the front; lateral portions convex 

transversely, and regularly arching from front to rear; beak not prominent, 
but arching over the area, and nearly meeting its fellow of the opposite 
valve. 

Ventral valve about equally capacious with the dorsal; convexity of 
its sides shnilar to that of the sides of the dorsal valve, having a deep 

sinus corresponding with the elevated 1nesial fold of the othe~ valve; its 
beak also similar in size, prominence, and incurvature to that of the dorsal 
valve. 

The surface of each valve is marked by from eighteen to twenty-six 
strong, usually angular, plications, either three or four of which are at the 
bottom of the mesial sinus, and either four or five of them upon the Inesial. 
fold. The plications at each side of the mesial fold and sinus are· sin1ilar 
in character to the others; all being usually simple, or continuous f~om the 
beak to the margin. 

Length, about twenty-five millimeters; breadth, about thirty-three 
millin1eters. 

Several varieties of this exceedingly variable species, both in this country 
. .. 

aud Europe, have been desm~ibed as distinct species. Its geographical dis-
ti·ibution being very great, and notices and descriptions of it having been 
published at various tilnes and places during n1ore than one hundred and 
fifty year~, its syuonyn1y has attained unusual 111agnitude and diversity. 
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It is too volun1inous for transscription here, and the reader is referred to the 
great works of Davidson on the Fossil B~achiopoda for the most co1npleto 
exhibition of it yet published. The specimens contained in the collection 
are all referred to the variety generally known as Orthis lynx Eich,vald. 

Position and locality.-Lower Silu1'ian strata of the Cincinnati epoch ; 

Silver City, New Mexico, where it is associated with equally well-known 

forms of that epoch. 

FAMILY RHYNOHONELLIDlE. 
GENUS RHYNOHONELLA Fischer, 1809. 

Rhynchonella ar~enturbica White. 

Plate IV, fig. 12 a, b, c, d, and c. 

Rhynclwnella argenturbica. White, 187 4, Exp. & Surv. west lOOth Merid., Prelim. Hep. 
In vert. Foss., 14. 

Shell somewhat less than medium size, compact, .subtrihedral in out-
• line; length and width nearly equal; maxin1um height in old shells nearly 

equal to the width; postero-lateral margins somewhat straightened or 

slightly convex; rostral angle from forty to forty-five degrees; antero­
lateral margins rounded; front, viewed from the dorsal or ventral side, either 
sinuous or truncate. 

Dorsal valve nlore convex than the ventral, abruptly arching behin~ 
the middle; break strongly incurved; mesial fold very prominent, distinctly 
defined even to the umbo, divided into either three or four prominent 
angular or sharply-rounded plications; sides regularly arching to the 
margins, both longitudinally and tra~sversely, but become somewhat laterally 
flattened near the beak;. each side marked by from four to seven plications, 
those nearest the mesial fold being of about the same size as those upon it, 
but they become s1naller toward, and obsolete upon, the postero-lateral 
1narg1ns. 

Ventral valve less capacious than. the dorsal, and aJso less strongly 
arched; beak prominent; mesial sinus deep, occupying about one-half the 
width of the shell at the front margin, its sides abrupt and its bottom bear­

. ing either two or three plications like those of the dorsal fold; sides sloping 
~;way fro1n t.he edges of the sinus with less eonvexity than the sides of the 
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dorsal valve have, and become laterally compressed near the beak; plica-· 
tions about seven on each side ?f the sinus, becoming smaller to,vard, 
and finally obsolete at, the postero-lateral regions. Both valves have the 
plications distinctly defined to the beaks, and, being sharply angular at the 

front, they give the margin there a sharply zigzag appearance. Besides 
the plications, the surface of both valves is marked by regular and distinct 

lines of growth, which appear more prominent upon the plications than 
between them, giving them a delicately-knotted or crenulated appearance 
in some shells. 

Length and breadth, each about ten 1nillimeters; height, about eight 

millimeters. 
Separated valves of this species somewhat resemble those of R. sub­

trigonalis Hall, and also, to a less extent, R. Anticostiensis Billings. From 
the first, it differs in its more compact form and its more elevated mesial 
fold; from the latter it differs, in similar particulars, and also i~ its greater 
approach to an angular outline. 

Position and locality.-Lower Silurian strata of the Cincinnati epoch ; 
Silver City and Upper Mimbres l\Iining Camp, New Mexico. 

CLAss CONCHIFERA. 
ORDER IIETER()MY AlliA . 

. FAl\IILY MYTILIDlE. 

GENUS l\10DIOLOPSIS Hall, 1847. 

Modiolopsis --(?). 

A1nong the collections made at Upper Mimbres Mining Camp, New· 
Mexico, are some specimens of a Conchifer that evidently belong to the 
genus JJ!lodiolopsis Hall. They are too imperfect for specific characteriza­
tion, and are noticed only for their generic value in stratigraphical determi­
nations,. and for the purpose of giving a full account of the fossils collected 
at that interesting locality. 
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CLASS GASTEROPODA. 
SuBCLASS DICECA. 

ORDER RHIPHIDOGL()SSA. 
SUBORDER PODOPHTHALMA. 

FAMILY MAOLURlEIDlE. 

GENUS MACLUREA Le Sueur, 1818. 

Maclurea --(?). 

On Amargosa range, at the head of Amargosa Desert, Nevada, a single 
specimen of ·Maclurea was found in a mass of rock not in situ. Like the 

species last noticed, it is too imperfect for specific determination, and is 
noticed here only because of the value the genus possesses in stratigraph­
ical determinations. The mass of rock in which it was found had not pro b­
ably been far removed from its original position, and therefore the presence 
of Silurian strata in that neighborhood is inferred. 

FAMILY PLEUROTOMARIIDlE. 
GENUS RAPHISTOMA Hall, 1847. 

Raphistoma trochiscus Meek. 

Plate IV, fig. 13 a, b, and c. 

Euomphalus (Raphistoma?) trochiscus Meek, 1870, Proceed. Phila. Acad. Sci., 61. 

Shell small, sublenticular; spire very slightly convex; suture not dis­
tinct; volutions three or four, flattened-convex both above and below, thin 
and sharply rounded at the outer side; inner or umbilical side not so 
sharply rounded as the outer; the inner third of the upper side impressed 
to receive the outer portion of the broadly-rounded lower side of the next 
volution within. The inner edges of the volutions are separate from each 
other within the umbilicus, but the outer edge of each is so nicely joined 
upon the next outer one that the convexity of the outer part of the upper 
~ide of ea:ch volution forms a part of the continuous convexity of the spire. 
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Width of the umbilicus about equal to the transverse diameter of the aper­
ture, which is a little greater than one-third of the full transverse diameter 
of the shell. · 

Transverse diameter of the shell, nine millimeters; height of same, two 
and a half millimeters. · 

This ~hell differs slightly from the species as described and figured by 
Mr. Meek (Zoe. cit.), but it is probable that it is not specifically different. 

Position and locality.-Silurian strata, probably of the Trenton period; 
Ewell's Spring, Arizona (lower horizon). 
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CHAPTER VI. 

CARBONIFEROUS AGE. 

SUBCAH.BONIFEROUS PERIOD. 

· RAJ) lA 1,A. 

CLASS ACTINOZOA.· 
ORDER ZOANI"'HARIA. 

FAMILY FA VOSITIDlE. 
GENUS FA VOSIT;ES Lamarck, 1816. 

Favosites divergens White and Whitfield. 

Plate V, fig. 4; 

Favosites -- White and Whitfield, 1862, Proc. Boston Soc. Nat. Hist.; viii, 306. 
Favosites divergens "'.bite and Whitfield, 1862 (manuscript). 
Favosites divergens Winchell, 1865, Proc. Acad. Nat. Sci. Phila., 11~. 
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Favosites Whitjieldi White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 15 .. 

Coral irreg·ularly flattened-convex or subhemispheric~l; cells abruptly 
diverging from the base, increasing interstitially; apertures unequal in size, 
the smaller ones being those of beginning interstitial cells; vertical 'valls 
~omparatively strong; diaphragms thin; about three within a space equal 
to the diameter of a cell. Diameter of cells from two to three millimeters. 

The only specimen ·which the collection contains is silicified and partly 
imbedded in limestone, so that the finer details of structure have been 
obscured; but it is sufficiently perfect to indicate with little or no doubt its 
identity 'vith F. divergens. So far as I am aware, no other species of this 
genus has been discovered in the Subcarboniferous rocks of North America, 
nor in any rocks of later th~n Devonian age. This statement is made upon 
the supposition that Favosites? 'mancus Winchell from the Goniatite lime­
stone of Indiana is not a true Favosites. The type-specimens of this species 
were obtained from the Subca.rboniferous strata at Burlington, Iowa., where 
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it is rare. When the description of the species ·was first published, the 
specific name was inadvertently omitted, but ·was added in manuscript to 
the copies of the memoir that were separately distributed. When publish­
ing the preliminary report upon these collections, it ·was my intention to 
compliment my friend by giving his name to the species; but, finding that 
the manuscript name had been used in the publications of Professor Win­
chell, I erased the personal natne and restored the original one, but the 
the typographical correction ·was inadvertently omitted. 

Position and locality.-Strata of the Subcarboniferous period; Ewell's 
Spring, Arizona (upper horizon), where it is associated with the two follow-
ing species. 

GENUS SYRJNGOPORA Goldfuss, 1826. 

Syringopora Harveyi vVllite (~) 

Among the fossils collected from the Subcarb?niferous strata at E·well's 
Spring, Arizona (upper horizon), there are a few examples of Syringopora. 

Their specific characters, indefinite enough in the most perfect specimens 
of the genus, are obscured by being imbedded in hard siliceous limestone. 
'I'hey closely resemble S. Harveyi "\Vhite from the I(inderhook formation 
of the Subcarboniferous period at Burlington, Iowa, and, as no other species 
of the genus is known to me in that horizon, they are referred to the species 
named. 

CLAss ECHINODERMATA. 
OnDER BLAS1,0IDEA. 

FAMILY PENTREMITIDlE. 
GENUS GRANATOORINUS Troost, 1850. 

Granatocrinus lotoblastus White. 

Plate V, fig. a a and b. 

Grana.tocrinus lotoblastus White, 1874, Exp. & Snrv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 15. 

Body subelliptical in outline by side-view; greatest breadth about the 
middle; distinctly but not very deeply pentalobate at the base, truncate 
at top; base depressed; basal plates very small; radial plates apparently 
very short, and etnbracing only the lower extremities of the psend-ambu-
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laera1 areas; interradial plates long and nan·o~, apparently reaching the 
sunu11it; a comparatively· shallow vertical furrow extending along the mid­

dle of each; pseud-ambulacral areas prominent, narrow, reaching do·wn to, 
or belo·w the plane of, the basal plates. 

Our only example is silicified and partly ilnbedded in siliceous lime­

stone, whereby the finer details of structure and ornamentation, including 

the structure of the parts at the anal side of the summit·, are obscured; but 

the more conspicuous features are sufficient to indicate its specific separa­
tion from any similar form· kno·wn to me. 

I{eight, nine n1illimeters '; transverse diameter, seven 1nillimeters. 
In general aspect, this little qranatocrinus is much like G. 1nelo (=Pen­

trerntes rnelo Owen and Shumard) from the Subcarboniferous strata at Bur­
lington, Iowa; but it differs from that species in its less robust form, and in 
not possessing the distinct longitudinal lobes that suggested to those authors 
its specific name. 

In that species also, the pseud-ambulacral areas are more or less 
depressed below the general surface of the interradial plates, while in ours 
those parts are the most prominent portions in the outline of· a transverse 
section of the body. If the generic identification of this fossil as distinct 
from Nucleocrinus is con·ect, as it is believed to be, 'there seems to be no 
reason for questioning the Subcarboniferous age of the strata containing it, 
since the genus as thus restricted is understood to be confined to strata of 
that period alone. The Suhcai·boniferous age of the strata is also indicated 
by other types of that period associated 'vith this species. 

Position ancl locality.-Strata of the Subcarboniferous period; Ewell's 
Spring (upper_ horizon), Arizona. 

OnnEn CRIN()IDEA. 

FAlVIILY PLATYCRINIDlE. 
GENUS PLATYCHINUS Miller, 1821. 

Platycrinus -- (? ). 

Plate V, fig. 2. 

Upon the weathered. surface of a piece of limestone in the collections, 
there are three or four more or less imperfect Crin_oids. They are partly 

(j F 
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hnbedded in the lin1estone, and partly defaced by ·weathering. One of these 

is a Platycrinus, as shown by characters other than the body-plates, the 
exact outlines of which are obscured by the injury the specimen has suf­
fered. The outline of the calyx is sbown, however, being broad cup­
shaped, the base slightly depressed at the middle; arms bifurcating t"ro or 
three times; branches of a1~ms slender; the whole upper part of the body 

prolonged into a proboscidiform dome, ·which has a height equal to about 
three times that of the calyx, and stands erect between the arms ; sten1 
slender, composed of joints of unequal size. 

Breadth of the calyx about eight millimeters ; height, five millin1eters; 

height fron1 base of the calyx to the top of the proboscidiform dome, two 
centimeters; the arms were capable of being extended nearly a centimeter 
farther. The apparent breadth of the calyx has possibly been increased a 
little by pressure; but the general propo1iions have evidently not been 
much changed. 

This species is a delicate one in all its parts. Except that it is not 
nearly so rubust, nor so large, it resembles P. lcevis Miller, as figu-red by de 
l(oninck and le Hon (Recher. Orinoides du Terr. Oar b. de la Belgique). 
Judging from the general features of the fossil and such details as its con­
dition allows of being observed, it seems to belong to an undescribed 
species, but of this I am not entirely satisfied. In case the discovery of 
more perfect specimens should sho·w the species to be ne·w, I propose for it 
the name of P. vexabilis. 

Position and locality.-Strata of the Subcarboniferous period; Mountain 
Spring, old Mormon road, Nevada. 

FA~llLY Au~riNOORINID~. 

GENUS _1\_0TINOUHINUS :Miller, 1821. 

Actinocrinus viaticus White. 

Plate V, fig. 1. 

Actinocrinus 'l.'iaticus White, 1874, Expl. & Surv. west lOOth 1\.ferid., Prelim. Rep. 
Invert. Foss., 16. 

Body below the arms broadly turbinate; arms slender, somewhat flat­
tened laterally, apparently numbering thirty in all, the t"ro full rays and 
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one-half of another sho,~n by tl~e specimen bearing such proportionate 
numbers. The appearance of branching of the arn1s begins below the 
periphery of the body, where, starting as if for simple pairs, they almost 
imn1ediately bifurcate, the two inner branches of the two pairs thus formed 
again bifurcating at or just beyond the periphery, the two outer branches 
of each original pair remaining simple. Surface ·of the body-plates marked 

by sharp, radiating ridges, 'vhich give the whole surface below the arms a 
confused, cancellated appearance. ~ 

Breadth of the body at its periphery, about eighteen millimeters. 
The body of this species resembles in general aspect that of .A. probos­

cidialis Hall, and also that of A. asperimus Meek and Worthen, both from 
the Subcarboniferous limestone at Burlington, Iowa; but it differs from both 
in shape, in its more delicate su1face-ornamentation, and in the different 
character and branching of the arms. 

]Josition and locality.-Strata of the Subcarboniferous period; Mountain 
Spring, old Mormon road, Nevada. 

MOLLUSCA. 
MOLLUSCOIDEA. 

CLASS BRACHIOPODA. 
0HDER .AR1,HROPOMArfA. 

FAMILY PRODUOTIDlE. 
GENUS PRODUCTUS Sowerby, 1812. 

Productus parvus Meek and Worthen. 

Plute V, fig. 6 a and b. 

Productus parvus Meek and Worthen, 1866, Geol. Surv. of Illinois, ii, 297. 

Shell small, subhemispherical, length and. breadth about equal; length 
of hinge-line nearly or quite equal to the greatest breadth of the shell; 
ma~gin regularly rounded from ear to ear by the convexity of the shell. 

Ventral valve regularly convex, without central flattening or mesial 
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sinus; beak slightly incurved over the hinge-line; ears small; surfrice 
1narked by fine, distinct, uniform strire, about two within the space of a 
millimeter, increasing in number by occasional bifurcation, rarely by 

implantation; faint concentric 'vrinldes are observable upon the posterior 
half, especially near the beak, and fine concentric strire are also to be seen 
under a lens. A few small erect . spines are scattered over the surface of 
the ventral valve, but they become broken off in the imbedding rock, and 
their bases do not form a conspichous surface-feature of the shell. 

Length in a straight line from beak to fi·ont n1argin, t'velve millime­
ters; breadth, fourteen 1nillin1eters; convexity, about nine milliri1eters. 

l\Ieek and Worthen's type-specilnens of this species 'vere obtained from 
the Chester limestone of the Subcarboniferous peri.od at Chester, Illinois, 
and, so far as I am aware, the species has never been recognized elsewhere 
except at the locality that furnished examples to these collections. Con1-
pared ·with the figures and original description given by those authors, our 

shell is found to differ in no material characters from theirs; ,vhile compared 
'vith other known species of similar size and general aspect, they are found 
to possess characters that clearly separate them fro1n our species. This 
species has a general resemblance to P. elegans Norwood and Pratten, also 
from the Chester limestone, P. arcuatus I-Iall, from the Burlington lime­
stone, both of the Subcarboniferous group; and also to some varieties. of P. 

longispinus Sower by, from the Coal-Measure strata. It is most nearly related 
.to a variety of the last-named species 'vhich is found in considerable num­
bers near Santa Fe, N e'v l\1exico. In those shells, there is, however, more 
or less of a mesial flattening of the ventral valve ; the. ears also are more 
flattened and the hinge-line more extended than in the species under con­
sideration. 

Position ancl locality.-Strata of the Subcarboniferous period; l\fountain 
Spring, old Monnon road, Nevada. 
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FAl\iiLY STROPHOMENID~. 

GENUS STROPHOME:NA Rafinesque, 1827. 

Strophomena rhomboidalis Wilckins, * 8p. 

Plate V, fig. G. 

Ooncliita rhomboidal·is Wilckins, 17G7, Nacbricht von selt. Verst., 77. 
Anomites rhomboirlalis Wahlenberg, 1821, Acta Societat. Scient. Upsal. viii, 65. 
Productus deprel~sa Sowerby, 1823, Miueral Conchology, v, 86. 
Leptmna rugosa Dalman, 182G, Kf)ngliga Vetens. Akad. Haudl., 106. 
Leptmna tenuistriata Sowerby, 1839, Silurian System, G23, G3G. 
Stroplwmena depressa Vanuxem, 1842, Geol. TlJird District New Yor~, 79. 
Orthis depressa Port.lock, 1843, Geol. Lond., Tyrone, & Ferrn., 450. 
Leptmna ten~tistriata Hall, 1847, Paleontology of New York~ i, 108. 
Strophomena rhomboidalis Lindstrom, 1860, Goth I. Brach., 371. 
Strophomena rhomboidalis Hall, 1867, Paleontology of New York, iv, 76. 
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Stroplwmena rlwmboida,lis Davidson, 18G8, Trans. Geol. Soc. Glasgow, Paleoz. Ser., i, 16. 
Strophomena rlwmboidalis Meek and Worthen, 1868, Geol. Surv. Illinois, iii, 426. 
Stroplwmena rlwmboidalis Meek, 1873, Paleontology of Ohio, i, 7 4. 

Shell varying in outline, but .generally subsemicircular, widest at the 
hinge-line;· lateral and front margins bent strongly upward all around, 
the portion inclosed by the genicula,ted margin flattened in both valves; 
the surfaces of these flattened spaces marked by conspicuous concentric 
w.rinldes that increase in size from the beak outward; area narro·w in both 
valves, that of the ventral being a little ·wider than the other. Sutface 
nutrke<.l by fine radiating strire, which are nearly unifonn in size, close-set, 
increasing both by implantation and bifurcation, most frequent! y by the 
latter method on the ventral valve and by the forn1er method on the dorsal. 
Under a lens, minute concentric strire ~re usually to be seen, as is also 
the punctate structure of the test, upon exfoliated surfaces. 

Breadth at the hinge-line, of the largest specimen contained In the 
collections, four and a half centimeters. They are often smaller than this, 
their proportions and outline being also very variable,. 

rrhe geological range of this species is greater than that of any other. 

~ This is one of the most widely known of all the species of fossil Mollusca, and by somo of 
its varieties it is familiar to every geologist and collector. Mr. Davidson, in his well-kpown Monographs 
gives a large number of anthorities who have written npon or noticed the species. The synonymy here 
given is selected for tho purpose of indicating some of the principal points in its literary, history and to 
show the numerous generic assignments that have been made of H besides the various specific names it . 
hat~ borne. 
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known fossil, which circumstance has naturally thrown n1uch doubt on 

the real specific identity of specimens collected from rocks of different 

geological ages. 
It appears under slight varietal forms in different formations, which, 

although not strongly n1arked, have setvecl to in_duce some naturalists to 
·separate them as distinct species; bu~ after the scientific scrutiny these 

shells have had for more than a hundred years, no person has succeeded in 
pointing out characteristics which entirely satisfy naturalists that they really 
constitute more than one species. As thus specifically recognized, its range 
is from the Trenton period of Lo,ver Silurian age to the Subcarboniferous 
period, and it is also a common fossil in both hemisperes. Therefore, 
'vhenever this species is found associated with Upper Silurian or Devonian 
forms, and more especially if found unassociated with other fossils, it has 
of itself no valuable significance as to ·the geological age of the strat~ in 
which it is discovered; but when found associated with true Carboniferous 
types, it is understood to indicate the Subcarboniferous age of the strata 
containing it, because that period is regarded as the extreme recent limit 
of the range of the species in time. 

Position and locality.-Strata of the Subcarboniferous perio¢1; ~fountain 

Spring, old Mormon road, Nevada, where it 'vas found associated with the 
Platycrinus and .Actinocrinus herein described as 'vell as with other Subcar­
boniferous types. 

]fAl\IILY SPIRIH'ERIDlE. 

GENUS SPIRIFEH Sowerby, 1815. 

Spirifer centronatus Winchell. 

Plate V, fig. 8 a, b, and c. 

Spir·ifer centt·onata "\Vinchell, 18G5, Proc. Acad. Nat. Sci. Phila., 118. 

Shell of medium size, usually subsemicircular in outline, broadest at 
the hinge-line; the cardinal extremities often cuspidate, but sometimes a 
little rounded; both valves moderately convex. 

Dorsal valve broadly and regularly convex transversely, a little 
depressed at'the lateral extremities; convexity abrupt along the median 
line from the beak to the middle of the vclve, but from the middle to the 
front n1argin it is very slight or nearly straight; area very narrow; beak 
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strongly incurved and projecting a little over the hinge-line; mesial fold 

distinctly defined from the front margin to the apex. of the beak, ·where it is 

minute, but ·widens a little more rapidlynear the front than elsewhere; it is 

not much elevated above the adjacent parts of the valve, but is distinctly 

separated from thmn by an interspace on each side of it, which is a little 

deeper and wider than those which separate the plieations from each other. 

'T entral valve regularly arching from rear to front; sides SOf!lewhat 

regularly convex, but like the ·other valve it is a little depress_ed at the 

lateral extrmnities; beak prominent, strongly in curved, abruptly narrow·ing 

to a point; mesial sinus distinctly defined from the front border to the apex 

of the beak, nowhere very deep, increasing uniform~y in width toward the 
f):ont; area moderately narro1-v, striated transversely; foran1en triangular, 

nearly equilateral. 

·Surface marked by from 'thirty-four to forty-two small, rounded, dis­

tinct plications, nearly or quite all of 'vhich are simple; the t'vo plications 
that form the lateral boundaries of the mesial sinus a little larger than any 
of the others, gradually but slightly diminishing in size fro1n the sinus to 

the lateral extremities, where they become obsolete. From four to six pli­

cations are found upon the mesial sinus and fold respectively, all of which 
are sin1ilar to thqse upon the sides of the shell, except that the. former 
din1h1ish n1ore rapidly in width to1-varcl the beaks. Concentric lines and 

undulations exist upon both valves. 
Breadth at the hinge-line, about thirty-eight millilneters; length fi·on1 

beak to front, twenty-two 1nillimeters; thickness, sixteen millimeters. 
Professor "\Vinchell's type-specimens 1-vere obtained from the Subcar­

boniferous strata at Cuyahoga Falls, Ohio, and seem, fron1 the description, 
to have consisted of ventral valves only. I-Iis carefully-dra1-vn description 
of that portion of the shell agrees so very closely with the corresponding 
part of ours that I should entertain little or no doubt of the specific identity 
of the two if it were not that he speaks of his shell as being very nearly 
likeS. cuspiclatus Hall (not Martin), ·which I understand to differ consider­
ably fron1 ours. 

Position and locality.-Subcarboniferous strata; Mountain Spring, old 
l\Ionnon road, N evacla. 
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Spirifer striatus Martin, sp. 

Plate V, fig. 10 a. 

Associated with characteristic Subcarboniferous forms at }\fountain 

~pring, old l\formon road, N eva.da, so1ne specimens of the well and 'videly­
known Spirifer striatus were obtained. They are all n1ore or less i1nperfect., 
but their identity 'vith that species seems unquestionable. rrhe strim which 
1nark the surface are regular and nearly uniform in size, and show no inclina­

tion to become fasciculated as those of S. cameratus always do to a greater or 
less degree. The collections also contain specin1ens, apparently of this 
species, from a higher geological horizon, 'vhich are noticed upon another 
page, among the Coal-l\feasure species. 

Varieties of S. striatus have been described under. aifferent specific 
names from the Subcarboniferous rocks of the. United States; but w·hen com­
pared ·with authentic spechne.ns from the Carboniferous rocks of Europe, I 
am not able to discover differences of specific value. In view of this fact, I 
have less hesitation 1n referring our spechnens .to S. striatus than I other­
wise would have. 

Spirifer exfenuatus Hall. 

Plate V, fig. 9 ~' b, c, and d. 

Spirifer extenuatus Han, 1858, Geology of Iowa, i, pt. ii, 520. 
Syringothyris Ha.lli Winchell, 18G3, Proc. Acad. Nat. Sci. Pllila., 8 . 

. Shell of medium size,. much extended at the hinge-line; length fron1 
hinge to front usually a little less than the height fro1n the ventral beak· to 
the dorsal umbo. 

Ventral valve capacious, subpyramidal, having a 1noderately deep 
· sinus, which is ·well defined fro1n front to' beak, and rapidly ·widening toward 
the front; beak extended, poin~ed, its point a little incurved over the area; 
sides sloping from the bea~ to the hinge-extremities with little or no con­
vexity of outline, and also little or no convexity to the front and lateral 
margins; area large, triangula:r transversely striated, flat or distorted a little 
by the t'visting of the beak, and its inclination more or less ·toward the dex­
tral side of the shell; fisstue of the area tria~gular, nearly twice as high ~s 
it is wide at ·the base; each of its lateral border-angles truncated hy a shal-
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lo\v groove; a little n1ore tha~ one quarter of the length of the fissure fro1n 
its apex closed by a slightly convex pseudo-deltidiun1. 

Dorsal valve moderately convex, differing in degree of convexity in 
different directions from its middle, but is somewhnt regular in all; front 

margin broadly aD:d regularly rounded, except that the lateral extreinities 
are more or less extended, and the central portion is mnarginate by the 
infolding of the mesial sinus of the ventral valve; n1esial fold moderately 
elevated, well defined from front margin to the beak, and increasing rapidly 
in width from beak to front. 

Surface of both valves marked by from fourteen to eighteen rounded 
plications on each side of the mesial field and sinus, which become les's 

·distinct toward, and disappear upon, the lateral extre1nities; stu-face of both· 

mesial fold and sinus plain, except that, in comn1on with the surface of all 

other parts of the shBll, it is marked by fine concentric lines of growth. 
Shell-substance distinctly punctate. 

Breadth along the hinge-line, nearly four centimeters; height from 
ventral beak to dorsal umbo, eighteen millimeters; length from hinge to 
front margin, sixteen millimeters. 

The .transverse plate connecting the dental laminre, together with the 
tube, ·which it bears along the middle of its under surface (characters that 

distinguish the group of spiriferoid shells which Professor Wi1ichell has 
separated under the generic nmne of Syringothyris), are concealed by the 
stony filling of our specimens; but as they possess the other characteristics 
of that group, those mentioned are doubtless present also. So far as external 

characters are concerned, no specific difference can be detected bet,veen 
our shell and Syrimgothyris Ifalli Winchell (loc. cit.). His type-specimens 
were obtained from strat~ of the l(inderhook formation at Burlington, Iowa, 
and Clarksville, Missouri. Those of Professor Hall ·were obtained from the 

same st~·ata at the first-named locality. The want of material" difference 
between the dorsal valve of Professor Hall's species (the only part of the 
shell described and figured by him) and the corresponding part of Professor 
Winchell's specimens, together \vith the fact that they are associated in the 
same strata at .one of the typical localities, leaves little cause for doubting 

o the specific identity of Syringothyris Halli and Spirifer extenuatus. 
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In the course of sorne extended remarks upon the genus SJJirifer, 

1\iessrs. 1\tfeek and Worthen (Geological Surv-ey of Illinois, vol. iii, 532) 
have shown that the original species of the genus possessed the same 
peculiarities of structure that fonned the basis of Professor vVinchell's genus 
Syringothyris. '"rhey also sho,v that the numerous species ·which have been 

generally regarded as typical forn1s of the genus Spirifer really belong to a 
group for 'vhich I(renig proposed the generic name of Trigonotreta long 
before the publication of Syringothyris. This being the case, a strict enforce­
ment of the rule of priority in scientific nomenclature ·will require that 
Syringothyris be suppressed, and that all shells having the structure which 
characterizes that group retain the name of Spirifer; also that I(cenig's 
name Trigonotreta be applied exclusively to those ordinary_ forms 1vhich 
have so generally been referred to Spirifer, at least in a subgeneric sense. 
In vie'v of the question thus .raised, and being at present 'vithout the means 
of deciding it for n1yself by personal investigation, the generic assignn1ents 
I have made of these fonns in this report should be regarded as provisional 

only. 
Position and locality.-Strata of the Subcarboniferous period; Mountain 

Spring,· old 1\lormon road, Nevada. 

SuBGENUS 1\IAHTINIA McCoy, 1844. 

Spirifer (Martinia) peculiaris Slmmarcl. 

Plato V, 1ig. 7 a and b. 

Sp·iTij'er pcculiar'ix Slmmaru, 1855, Geological Survey of Missouri, part 2, 202. 

Ventral valve arching regularly from beak to front, the curvature being 
gi·eatest near the beak; sides convex;, beak narro·w, extended, incurved; 
antero-lateral 1nargins broadly .rounded; postero-lateral margins abruptly 
rounded to the short hinge-line; postero-lateral surfaces rounded backward to 
the small, indistinctly-defined cardinal area; foramen triangular, its apical end 
closed by a pseudo-deltiditun ; mesial sinus shallo,v, traceable nearly to the 
beak, widening a little more rapidly near the front than elsewhere, nearly 
plain, but two faint, incipient plications are observable, one at each side, 
and also a slight flattening along its middle. Surface on each side of the 
sinus 1narked by six or seven snw11, convex-flattened plications, 'vhich are 
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separated by very narro·w interspaces, becoming smaller toward, and finally 

disappearing upon, the poste.ro-lateral regions. 

Only the ventral valve of this. species is contained in the collections; 
but that agrees in all essential characters with 8. pec~tliaris Shumard, the 

type-specitnens of ·which species were obtained from the Kinderhook for­

mation of the Subcarboniferous group in Missouri. ,..rhe principal variations 

which it shows from the typical forms as described and figured by Dr. 
Shun1ard are the incipient plications of the n1esial sinus and the somewhat 
greater rounding of the postero-lateral angles. Possibly more pe1fect 
examples may sho·w other differences also, but the charac~ers so far, observed 
do not seem to 'van·ant a specific separation frotn 8. peculiaris. 

Position and locality.-Strata of the Subcarboniferous period; Mountain 
Spring, old ~Iormon road, Nevada. 

GENUS SPIRIGEHA D'Orbigny, 1847. 

Spirigera monticola White. 

Plate V, fig. 11, a, b, c, and d. 

Spirigera monticola. White, 1874, Exp. & Surv. west lOOth Merid., Prelim. Uep. lnYert. 
Foss., 16. 

Shell subelliptical or subtetrahedral i? outline, always 'vider than long, 
widest at, or a little for"vard of, the middle, 1noclerately gibbous; valves 
ahnost equally capacious; postero-lateral margins i~1 old shells thickened, 
but in younger ones the ·whole margin is ll1Qre or less sharp; front margin 
only slightly sinuous in· very young shells, but it is very deeply sinuous in 

some old ones. 
Ventral valve broadly convex from side to side, regularly arching from 

beak to front; beak moderately pron1inent and slightly incu1~ved; foramen, 
a.s usual, nearly round, rather small; mesial sinus moderately narro,v,· 
scarcely apparent in young shells, but in some old ones becoming very deep 
at the front, where the margin is 1nuch prolonged upward to follow the fold 

of the other valve. 
Dorsal valve gibbous in the umbonal region, prominent along the mid­

dle, from which the sides slope away by gentle convexity to the lateral 
marg1ns; n1esial fold rather narrow, and in son1e exan1ples not well defined, 
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in which case the valve has a broad, nearly uniforn1, convexity; yet in 
others the mesial fold is 'veil defined and prominent, especially at the front; 
but in all cases it is hardly discernible behind the middle of the shell, even 

in adult examples. 
Surface of both valves marked by concentric lines, of fine lamellrer of 

growth, and occasionally indications of fine radiating sh·ire are to be seen 

under a lens. 
Length of an adult specimen of average size, twenty-three millimeters; 

extreme breadth, twenty-nine n1illhneters; height, sixteen millin1eters. 
This shell is quite different from any other described species of the 

genus known to occur in American . Carboniferous strata. The most 
nearly allied form with which I an1 acquainted is an undescribed one in the 
Subcarboniferous stah1 of Franklin County, low~, 'vith ·which our species is 
probably identical. It somewhat resen1bles S. incrassatus Hall from the 
Burlington lin1estone, but it differs from that species in outline, the less 

prominence of the ventral beak, the character of the mesial fold and sinus, 
and in the surface-markings. 

Posit-ion and locality.-Strata of the Snbcarboniferous period; Mountain 
Spring, old l\Iormon road, Nevada. 

Spirigera obmaxima M:cChesuey. 

Plate V, fig. 12. 

Athyr·is ubma.vinta l\IcChesuey) 18GO, Descr. New Paleozoic I•'oss:Is, 80 
Spirigera peci'inifera Swallow, 1863, Trans. St. Louis Acad. Sci., ii, 88. 

Shell large, broader than long, greatest breadth about n1idlength; out­

line suboval; ear-like projections of fibrous shell-substance sometimes seen 
upon the postero-lateral margins. Ventral valve broadly convex, bearing a 
broad, shallow mesial sinus upon the front half of old shells, obsolete upon 
the posterior half; greatest convexity at the umbonal region; beak not very 
prominent, incurved. 

Dorsal valve having its greatest convexity along the median line ; 
mesial fold indistinctly defined except at the front; umhonal region not 
prominent; beak strongly incurved beneath that of the other valve. 

Breadth, six centin1eters or n1ore; length above five centin1eters. 
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'rhis species 1s ren1arkable for its great size, and, although the speci­

n1ens of the collection are imperfect, I have hardly a doubt of their specific 

identity with 8. ob·maxima l\1c0hesney. 

Position ancl locality.-Subcarboniferons stra~a; l\:Iountain ~pring, old 

Mormon road, Nevada, and also at~ locality below Ophir Cit:y, Utah. 

FAMILY TEitEBll.ATULID~. 

GENUS ·TEREBH.ATUI..~A Lhwb~·d, 1G98. 

Sunamn;s DIELASMA King, 1859. 

Terebratula. fDielasma) Burlingtonensis White. 

Terebra.tula BurUngtonenbis vVllite, 1€60, Jour. Bost. Soe. Nat. ll.ist., 228. 

Shell of moderate size, subovate in outline~ more or less gibbous, 

broadest a little forward of the middle. 
Ventral valve regularly convex; beak prominent, projecting considera­

bly behind that of the dorsal valve, moderately incurved; a faintly-defined 
ridge at each side of the beak follows its curvature from the foramen for­

ward, and disappears near the 1njddle of the shell; dental plates moderately 
strong, their front edges sharp and perpendicular with the teeth, placed near 

the sides of the beak, and diverging a.little as the beak increases in size ; 
n1esial sinus absent or obsolete. 

Dorsal valve depressed-convex, greatest convexity near the beak, 
which is not promine~t; mesial fold absent. Surface stnooth or marked by 
indistinct lines of growth; shell-structnre finely punctate. 

Average length, about twenty-two ll_lillimeters. 

The type-specimens of this species were obtained from the Stibcarbon­
iferous rocks at Burlington, Iowa, and those of the collections agree with 
them in all essential respects. The reference to the subgenus Dielasma ·of 

this species is made in consequence of the presence of dental plates, the 
other characteristics of the subgenus not having been observed. It differs 
from T. bovideus especially in ·wanting the longitudinally arcuate form, so. 

constant in that species. 
Position a·nd locality.-Strata of the SubcarboniferQns period; Mountain 

Spring, old Morn1on road, Nevada. 
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MOLLUSCA VERA. 

CLASS CONCHIFERA. 
ORDER DIMYARIA~ 

FAMILY CARDIID~(~). 

GENUS OONOOARDIUM Brown, 1835. 

Conocardium -- (~). 

From strata of the Subcarboniferous period below Ophir City, Utah, a 
single exa1nple of a species of Conocardium was obtained. It is too imper­
fect for full specific determination, but its observable characters indicate that 
it belongs to an undescribed species. It is sin1ilar in size and also in many 
of its details to C. trigonale Hall from the Corniferous limestone of New 
York and Ohio. The costre and interspaces, as well as the very fine con­
centric strire that mark the surface, are very shnilar to those of that species, 
but our shelf differs in its smaller and more numerous costre, in being less 

produced at the antero-ventral angle, and in the more distinct rounding of 
the antero-lateral ridges. 

In case the discovery of more perfect specin1ens should confirm the 
opinion that this shell belongs to an ttndescribed species, I propose for it the 

name of C. serniplenum. 

CLAss GASTEROPODA. 
SuBCLAss DICECA. 

ORDER RHIPHIDOGLOSSA. 
SUBORDER PODOPHTHALMA. 

FAl\iiLY EUOMPHALID~. 

GENUS EUOMPHALUS Sowerby, 1815. 

Euomphalus luxus, White. 

Plate V, fig. 13 a and b. 

Shell of medium size, subdiscoidal, the spire being only a little 
elevated; volntions four or five; outer side of volntions conv~"'\: belo'v bnt 
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flattened a little above so as to form a more or less distinct angle ·with the 
flattened upper side; under side regularly and continuou~ly rounded from 
the outer side into the umbilicus, where it meets the next volution within; 
suture distinr.t; umbilicus moderately deep and broad. Surface marked by 
distinct lines and occasional corrugations of growth. Diameter of coil of 
the largest specimen in the collections, thirty-eight millimeters. 

This species resembles E. latus Ifall, the type-specimens of ·which were 
obtained from the Burlington lilnestone division of the Subcarboniferous 

group at Burlington, Iowa, and Quincy, Illinois. The specimens of the 
collection present differences from the.· typical forms of the species which I · 
at first regarded as only varietal, bnt upon further examination I consider 
them specific; the principal of which differences are their smaller size, 
less rapidly increasing volutions, and the absence of the elevation, or 
incipient fold, upon the upper side of the volutions adjacent to the suture 
which characterizes E. latus. 

Position and locality.-Strata of the Subcarboniferous period; below 
Ophir City, Utah, and also "near the base of the anticlinal", at Ophir 

City. 
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CHAPTER VII. 

CARBONIFEROUS PERIOD. 

PR()TOZOAo 
CLASS RHIZOPODA. 
0HDEH FOI-tAMINil~ERA. 

GENUS FUSULINA Fischer, 1837. 

Fusulina cylindrica Fischer. 

Plate VI, fig. G a and b. 

Fusulina cylindr·ica Fischer, 1837, Oryct. c.lu Gouv. de Moscou, 126. 
Fusulina cylindrica D'Orbigny, 1845, Geol. Russ., ii, pt. iii, 16. 
F'ltsulina cylindrica Owen, 1852, Geo1. Snrv. Wisconsin, Iowa, and Minnesota, 131 
Fusulina cylindrica Meek and Hayden, 1859, Proc. Acad. N&t. Sci. Phila., 26. 
Fusuz.ina cylindrica Dana, 1862, Manual of Geology, 1G4. 
Fusulina cylindrica Meek and Hayden, 1864, Paleontology Upper Missouri, 14. 
Pu~ulina. cylindrica Meek, 18G4, Paleontology of California, pt. i, i, 4. 
Fusulina. cylindrica Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 71. 
Fusulina cylindrica vVhite, 1870, Geology of Iowa, i, 250. 
Fusulina cylindr-ica Meek, 1872, United States Geol. Surv. of Nebraska, 140. 

Shell varying from terete to subglobose, assuming all intern1ediate 
fusiform shapes, generally somewhat obtusely pointed, especially the terete 
ones, usually having the appearance of being slightly twisted at the ends; 
septal furrows moderately distinct, even upon unweathered specimens, 

extending in more or less direct lines longitudinally, but are a little deflected 
just at the ends; centrifugal apertures about twice as high as the thickness· 
of the cell-wall covering then1, more than t'vice as broad as high, and of 
nearly uniforn1 size throughout the whole coil. The locular or external 
ape1i.ure, since it varied with the progress of construction of the cell, and 
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n1ust have been fragile until it was completed, is seldom clearly shown upon 

the fossils. 
It was apparently linear, extending the full length of the shell until 

closed by a new longitudinal septum at each side, leaving only a new 

centrifugal aperture at the middle, in line with the others. Volutions fron1 

five to eight ; septa from twenty to thirty in the outer volution; septa 

nearly straight at their outer or external edges, but laterally undulating at 

their inner edges, ·where they join the outer surface of the next volution 

within, as may be .seen in specimens that have had a part of their outer 
volution removed by weathering; the -same defacement also showing por­

tions of the series of entrifugal apertures. The undulations of the inner 
edges of contiguous septa are not usually parallel; but the convexity of 
the folds of each septum generally comes opposite that of the folds of the 

next adjacent septum, which gives rise to a peculiar confused and co1nplex 
appearance of the septa in those specin1ens that have suffered erosion or 
weathering of the outer volution. · 

Dimensions very variable; one of the more robust specimens in the 

collections being one centimeter long and half a centimeter in diameter; 
another measures nine millimeters long and two millimeters in diameter. 

Fischer described another species, together with J/. cylindrica (loc. cit.), 

under the name of F. depressa, which latter species Dr. Geinitz (loc. cit.) 

recognizes from Upper Coal-Measure strata. at Nebraska City, Nebraska. 

Meek and fiayden have proposed the name F. ventricosa to include 
certain robust forms from the Coal-Measures of l\1issouri and I(ansas (Pro c. 
A cad. Nat. Sci: Phila., 1858, 261 ), and Mr. l\1eek has described two other 
·species from a similar 4orizon in California under the names of F. robusta 

and F. gracilis (Geological S1u·vey of California, paleontology, vol. i, 1864). 
With due deference to the views of those able and careful paleontologists, 
I feel bound to differ with them in relation to the propriety of a specific 
separation of these forms. Long familiarity with this protean species, dis­
tributed over an extensive region, has served to convince me that all the 
varieties refen·ed to, including F. depressa Fischer, belong to one speci.es 
only. In Southwestern Iowa, where Fusulina is abundant in strata of the 
Upper Coal-Measures, varieties prevail at certain localities respectively that 

7 F 
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will answer the description of every imputed ::,'Pecific form of the genus yet 
known to me. Intermediate forms may also be obtained in the san1e region 
that may be made to connect all the varieties referred to. Remembering 

' also that these shells ·were formed by animals, each of ·which consisted of a 
mere particle of o_rganless sarcode, not having even the least differentiation 
of tissue, the wonder seems rather that intra-specific variation should not 
be much greater than the difference is found to be between any individual 
shells hitherto referred to the genus Fusulina. 

Position and locality.-· Strata of the Carboniferous p~riod at the follow­
ing localities in Utah, besides others elsewhere: Wasatch range, south of 

Spanish Fork; U-i-ya-bi Pass, Gosute range; near Beckwith Spring, Cedar 
range; near tlie mouth of Spanish Fork Canon; and southeast of Mount 

Nebo. 

·RADIATA. 
CI~ASS ACTIN 0 ZO A. 

ORDER ZOANTHARIA. 

FAMILY FAVOSITID~. 

Genus OHlETETES Fischer, 1837. 

Chretetes milleporaceus Troost, sp. 

Plate VI, fig. 2 a. 

Oalamapora milleporacea Troost, 184!H (Il.lanuscript). 
Ohwtctes millcporaceus Ed wards et Haime, 1851, Monograpbie Polyp. Fossiles, 272. 

Polypary massive; cells slender, capilliform in aspect, of nearly equal 
size among themselves and of uniform dian1eter from their proximal to theh' 
distal ends ; diameter of cells about one-third of a millimeter, and upon the 
split su1faces of some specimens they have been traced continuously nearly 
the length of a decimeter; m.asses varying in size from four or five centi­
meters to as many decimeters in diameter; shape of the masses irregularly 
globular to irregularly flattened-convex, the latter being the most usual 
form. Sometimes specimens, apparently of this species, are irregularly 
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elongate in form, and show so1ne indications of incipient branching; but the 

species is essentially a massive and not a branching coral. 
This coral is not uncommon in the Upper Coal-Measures of Missouri, 

Iowa, and Nebraska. The type-specimens of the species which ·we1~e used 
by Edwards and fiain1e in their original description were obtained from 
·Carboniferous strata in the Cuntberland ].\.fountains of Tennessee, and also 

from the same geological horizon near Evansville, Indiana. The late Dr. 

Troost had catalogued the species before his death, with the intention of 
publishing a description of it. In its subsequent publication by Edwards 
and flaime (Zoe. cit.), they adopted his specific name. 

Position and locality.-Strata of the Carboniferous period ; Virgin range, 
southwest of Saint George, Utah. 

GENUS RHOMBIPOH .. A Meek, 1872. 

Rhombipora lepidodendroides Meek. 

Plate VI, fig. 5 a, b, c, and d. 

Rhombipora lepidodendroides Meek, 1872, United States Geol. Surv. Nebraska, 141. 

Coral slender, ramose; stem and branches terete; branches not nu­
merous, generally attaining at .once nearly or quite the size of the stems: 
branching taking place at so~ewhat regular intervals in. some specimens, 
but irregularly in others, the divergence being some thirty or forty degrees; 
stem and branches usually near~y or quite. straight bet,~een the points of 
bifurcation, but neither the stem nor the branch above tbe point of bifurca­
tion retain the axial direction of the part below; cells small; starting from 
a non-substantial axis they arch upward and out,vard, increasing a little-in 
size as they extend, and open upon the outer surface; inters paces between 
the cells about equal in width to the diameter of the cells, the intercellular 
substance being itself minutely cellular i~ structure; cell-apertures rhombic 
or rhombic-oval in outline, the vertical diameter generally greatest; cells 
arranged in both vertical and_ oblique ro,vs, ·which are always quite regular; 
spaces between the apertures ornamented with minute nodes, the largest 
ones of which are placed opposite the angles ~f ihe apertures, at which 
points there are sometimes two such nodes. Stems varying in diameter 
from ·one to four n1illimeters; number of cell-apertures five or six in the 
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space of two millimeters, measured parallel ·with the axis of the stem, and 
seven or eight in the same space· measured along one of the oblique ro,vs. 
rrhe variation of the latter measurements in different specimens is not 
proportionally so great as the variation of the diameter of stems, because 
the angle of the oblique rows with the axis is greater in large stems than 
in small ones; this gives the cell-apertures a greater proportional width in 
large stems, while the actual width is nearly uniform in all. 

Most of the examples in the collection are considerably larger than 
the typo-specimens of l\Ir. Meek, but some of them agree perfectly 'vith 
his types as to size, and the structure is identical in all, so far as can be 
determined. Specimens, apparently of this species, from the Upper Coal­
l\ieasures of Northern l\iissouri and Southern Iowa, are still larger than 
any contained in the collections. Some of the specimens of the collections 

are more or less completely silicified, and one or two of them have a hollow 
aXIs. This seems to have resulted from the failure of t~e central portion 
to become silicified like the outer portion, which, remaining calcareous, was 
subsequently removed by dissolving agencies that the outer silicified por­
tion resisted. This is really shown to be the case by the breaking of others, 
and finding the central portion yet calcareous and retaining the structure 
of the coral, the parts of which structure being in direct continuity 
with those of the outer silicified portion. On the other hand, a frp,gment 
of a species of this genus obtained· fi·om the Subcarboniferous limestone of 
Washington County, Indiana, seems to have a hollow axis, the whole of 
the coral being calcareous. It is, however, not certain that the axis of even 
this example was originally hollow. 

Position and locality.-Strata of the Carboniferous period; west face of 
Oquirrh range, near "E. T. City ", Utah, and at the confluence of White 
Mountain and Black Iiivers, Arizona. 

GENUS SYRINGOPORA Goldfuss, 1826. 

Syringopora multattenuata McChesney(¥). 

From strata of the Carboniferous period, at various localities in 
Nevada and Utah, specimens of a species of Syringopora were obtained. 
They are too impe1fectly preserved for satisfactory specific identification, 
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but they pt:obably belong to 8. rnulattenuata McChesney, as they are not 
unlike that species and occupy a similar geological position. rrhat species 

is a more or less common one in the Upper Coal-Measure strata of Io·w~, 
Illinois, Missouri, and Nebraska. 

F.Al\1JLY ·oYATHOPHYLLIDlE. 
GENUS ZAPHHENTIS Hafinesque et Oliffo.rd. 

Zaphrentis excentrica Meek. 

Plate VI, fig. 3 a. 

Zaphrentis excentrica Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, a.nd Utah, 495. 

Corallum large, comparatively short, broadly turbinate, slight curved; 
principal septa sixty or seventy, not ef(tending to the center of the calyx, but 
leaving a large plain surface at its bottom; tabulre numerous, broad, thin, 
transverse, or a little coneave; vesicular zone comparatively narrow. fleight, 
about seven centimeters; breadth at top, about six centimeters. 

Our specime~s are silicified and somewhat imperfect, but they are 
doubtless specifically ide~tical with Z. excentrica Meek,. the type-specimens 
of which were obtained from strata of the same period at "Old Baldy", near 
Virginia City, Montana. 

Position and locality.-Setrata of the Carboniferous period; Fossil I-I ill, 
White Pine County, Nevada. 

GENUS LOPHOPHYLLUM Edwards et Haime, 1850. 

Lophophyllum prqliferum l\IcCbesney, sp., var. sauridens. 

Plate VI, fig. 4 a, b, c, and d. 

Oyathaxonia proltfera McChesney, 1860, Descriptions of New Paleozoic Fossils, 75. 
Oyathaxonia., sp., Geinitz, 1866, Carbon format. und Dyas in Nebraska, 65-66. 
Lophophyllum proliferum Meek, 1872, U.S. Geol. Surv. Nebraska, 144. 

Corallum conical or elongate-conical, usually curved, rarely almost 
straight, tapering to a more or less slender point at its proximal end; trans­
verse section circular; surface marked by longitudinal strire of uniform 

· size, some of which are continuous from the apex to the rim of the calyx, 
but the additional strire required by the increasing diameter of the corallum 
are often so arranged as to form a kind of longitudinal suture by commenc­
ing successively along the side of an outer stria of a series that are continu-
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ous from apex to calyx; longitudinal sti·ire crossed by more or less distinct 
wrinkles, and very fine encircling lines of growth. 

. Calyx comparatively deep; its sides rather thin between the septa, and 
of nearly uniform thiekness from rim to bottom; rays ·within the calyces of 

tho largest specimens sometimes reaching fifty in number, not projecting 

far inward fi:om the sides except toward and at the bottom, upon 'vhich 
they reach the columella; bottom of the calyx really sloping downward 

from the columella all around, and ending abruptly against the sides, but 
the numer<;ms septa, by gradually approaching the columella from the sides, 
give the bottom a concave appearance ·when viewed from above; septal 

fossette not very conspicuous, usually occupying a little n1ore than the 

space of one principal body-ray, or· septun1; septa below the calyx, less 

numerous than the rays within it, well developed, and reaching nearly or 
quite to the columella, but none of them apparently becoming consolidated 
with it except the one opposite the septal fossette; columella strong, trans­
verse section broadly oval, projecting considerably from the calyx, bluntly 

crested, well consolidated by the almost complete fusion of the middle por­

tions of the tabulre that compose it, not firmly united to the surrounding 

portions of the corallum, but readily cleaving from them when the parts are 
broken; when thus separated, its stu-face shows somewhat twisted, longi­
tudinal, raised, stt·ire which correspond more or less closely ·with the inner. 
edges of the septa, but are not really separated parts of them, as they at first 
sight appear to be; tabulre comparatively thin, between the columella and 
the sides, sloping or arching downward, and ending abruptly against the. 
·inner side of the outer wall. 

Length of the largest specimen in the collection, along its convex side,. 
np,vard of four ·centimeters; diameter of the calyx, twelve millimeters. 

The average size of full-grown specimens is not materially less. 
Our examples present a different aspect from typical forms of S. proli­

ferurn, and they perhaps belong to a different species ; yet it is difficult to 
point out distinct structural d_i:fferences of specific value. They have, how­
over, a larger average size, and are Inore robust, less wrinkled, and less con­
torted than typical forms of S. prolijerun~, which characters.seem to indicate 
at least a distinct variety, for which the name sauridens is proposed. The 



CAHBONIFEROUS PERIOD. 103 

prQminent solid axis of that species,· separating so rendily from the surround­

ing parts in broken specimens, caused it for a time to be referred to the genus 

Cyathaxonia, but Mr. Meek has shown (Zoe. cit.) that it has the internal" structure 
of Loplwphyllurn. 

Position and locality.-Strata of the Carboniferous period ; near Santa 

Fe, N e'v Mexico, and at Rock Creek, Lake County, Colorado. 

GENUS LITHOSTROTION Fleming, 1828 

Lithostrotion Whitneyi 1\leek. 

Plate VI, fig. 1 a, b, and c. 

Lithostrotion W!titneyi 1\leek, 1875, Pal. of U. S. Geol. Expl. 40th Parallel, (manuscript). 

Coral~um fasciculated ; corallites cylindrical, somewhat flexuous and 
irregular, generally separate but seldom distant, and sometimes in contact ; 
epitheca thin but distinct, marked by wrinkles and encircling lines of 

growth; columella small and very narrow, being laterally compressed; 
principal rays from twenty to twenty-eight in number, according to the 

size of the polypite, alternating with smaller rays; tabulre nu1nerous, com­
paratively broad, transverse or arching do·wnward from the colu1nella; 
vesicular zone narrow, composed of fron1 three to five layers of vesicles. 

Diameter of polypites, from eight to fourteen millimeters. 
In splitting and polishing a polypite, so as to obtain a view of the 

internal structure, it is often difficult to make the section in such a manner 
as to show the columella, because it is so small and narrow. If the section 
is made parallel with one of itEl flat sides, but not cutting through it, the 
tabulre appear to be separate from each other in all parts, and to extend 
directly across the polypite, as in Cyathophyllum. Such a section is 
shown in figure 1 c, Plate VI. If the section passes obliquely through the 
~ohimella, its character is indistinctly shown, as in figure 1 b of the same 
plate. The section given by Mr. lVIeek in his illustrations of the species is 
throu'gh the short diameter of the columella. 

Position and locality.-Strata of the Carboniferous period ; Fossil Hill 
and Ice Creek, Steptoe Valley, White Pine County, Nevada. 
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CLAss ECHINODERMATA. 
OnDER ECHIN()ID}~A. 

FA.l\IILY AROH~OOIDARID~. 

GENUS ARCHlEOCIDARJS McCoy, 1844. 

Archreocidaris ornatus Newberry. 

Plate VI, fig. 7. 

Archreocidaris ornatus Newberry, 1861, Geol. Rep. Lieut. Ives's Expl. Col. Riv., 116. 

Principal spines fu~iform, strong, about seven centimeters long; great­
est diameter a little below the middle, where it is about five millimeters; 
su1face for a short distance above the basal ring plain or not conspicuously 
marked; above this plain space to the distal end, it is thickly set with spin­
ules from one to two millimeters in length, which are arranged around the 
spine in imperfectly spiral lines, in which lines the intervals between the 
spinules are generally less than the diameter of their bases, but the vertical 
intervals are somewhat greater; basal ring rather large, crenulated at the 
border. An imperfect interambulacral plate embedded in the rock near one 

of the spines contained in the collection, and probably belonging to this 
species, shows a plain areolar surface, a raised center, and an elevated rim 
around a rather small central tubercle. Remainder of the body unknown. 

Dr. Newberry's type-specimens were obtained from strata of the Car­
boniferous period near the confluence of the two Colorados, and also from 
strata of the same period near the Great Canon of the Colorado River. 

]>osition and locality.-Strata of the Carboniferous period; ten miles west 
of Ojo del Oso, near Fort Wingate, New Mexico. 

Archreocidaris trudifer White. 

Plate VI, fig. 8 a and b. 

Archreocida.ris trudifer White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 17. 

Interambulacral plates comparatively broad, rather thin, having an 
elevated border all around, which is apparently composed o~ a series of 
small tubercles; areolar surface apparently plain; central tubercle small, 
perforate at the center, surrounded at its base by a very slightly-raised ring, 
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and immediately outside of that by another ring, which is so much elevated 
as to form a little cup, with its rim somewhat expanded. Diameter of the 
largest plate in the collection, about twenty millilneters. 

Spines very long and slender, one of those in the collection havin,g 
been, ·when perfect, about twelve centimeters in length, terete; diameter of 
the basal ring, which expands abruptly from the shaft, greater than that of 
any portion of the shaft; diameter of the shaft nearly uniform for more 
than half its length above the basal ring, the upper portion gradually taper­
ing to a point. Greatest diameter of the shaft of the long spine referred to, 
scarcely five millimeters; diameter of the basal ring, seven millimeters. 
Surface of the spine for a short distance above the basal ring apparently 
smooth, but, from that portion to the distal end, it is . ornamented with 
numerous small points or incipient spinules, ·which are often removed by 
'veathering, but, _in well-preserved specimens, they are seen to be arranged 
around the spine in impmfectly spiral lines. 

The very long, slender, terete spine, having a basal ring often much 
greater in diameter than any part of the shaft, together with the other 
characters described, distinguish this specie_s from all others. 

Position and locality.-Strata of the Carboniferous period ('~Red Wall 
limestone"); Camp Apache, Arizona. 

MOLLUSCA. 
MOLLUSOIDEA. 

CLASS POLYZOA. 
OnDER GYMNOLJEMATA. 

FAMILY MYRJAPORIDlE. 
GENUS GLAUCONOME Goldfuss, 1826. 

Glauconome nereidis White. 

Plate VII, fig. 5 a, b, c, d, and e. 

Gla~wonome nereidis White, 1874, Exp. & Surv. west lOOth Merid., Prelim. Rep. Invert. 
Foss., 15. 

Polyzoary branching, the main stem sending off branches at irregular 
intervals; these in like manner sending off secondary branches, but less 
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frequently; the stem and all the branches bearing branchlets of the usual 

character, in regular series at each side, all of which are straight or slightly 

curvr.d; branches leaving the stem, and branchlets the stem and branches, at 
nearly or quite uniform angles of between sixty and seventy degrees; branch­
lets opposite, or alternating in their an·angement, the intervals between them 
being a little greater than the diameter of the branchlets; non-poriferous 
side of the stem, branches, and branchlets all convex and marked by fine 
longitudinal strire. Poriferous side of the stem and branches bearing a row 
of pores along each of their lateral borders, the number of pores being 
about twice as great as that of the branchlcts, but they are not placed in 
perfectly regular order with them. The space between these two lateral 
rows of pores is convex, and marked by scattered dhnorphous pores that are 
not more than half as large as the principal ones ·which form the lateral 
rows. Branchlets also bearing a row of pores at each lateral border of the 
poriferous side, which are of the same character as the principal pores of 
the stem ~nd branches, but they average a trifle smaller than those; pore­
apertures with a rather prominent border, which ~ives the hranchlets a 
some·what knotted appearance under a lens. 

There is considerable difference in the size of the broken stems and 

branches which constitute the specimens of the collection ; but none of them, 
not even the longest fragment, perceptibly diminishes in size toward the 
dastal end. The largest stem is about half a n1illimeter in diameter and 

the smallest not more than half that size. The branchlets vary from one 
to three millimeters in length. The whole extent of the bra~ching of a 
polyzoary of this species is unknown; but, as the branches are only exces­
sively developed branchlets, there seems to be no necessary restriction in this 
regard, but, in fact, the branching seems to have been somewhat limited. 
When one of the branchlets reached a little greater length than its fellows 
adjacent, it sent off branchlets from its own sides and became a branch. In a 
few cases, these first branchlets of the :~tewly-formed branch have been seen 
to coalesce with adjacent branchlets of the stem, thus forming a few irregu­
lar fenestrules. 

This species differs from G. triliniata 1\feek, from strata of the san1e 
period in Nebraska, in being much branched, and especially in the presence 
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of 1ninute, dimorphous pores upori the axial portion of the poriferous si4e 
of the stem and·branches, and also in the a?sence of the three longitudinal 
raised lines that distinguish that species. 

Position ancl locality.-Strata of the Carboniferous period; at the con­
fluence of White Mountain and Black Rivers, Arizona. 

GENUS SYNOCLADIA King, 1849. 

Synocladia biserialis Swallow. 

Plate VII, fig. 3 a, b, and c. 

Synocladia biserialis Swallow and Hawn, 1858, Trans. Acad. Sci. St. Louis. i, 179. 
Synocladia virgulacea Geinitz, 1866, Carbonforma.t. und Dyas in Nebraska, 70. 
Synocladia biserialis Meek, 1872, U. S. Geol. Surv. Ne4raska, 156. 

Polyzoary probably, infundibulifor:r,n, but the specimens usually found 

·consist only of spreading frond-like fragments; primary branches a little 

larger than the others, the latter increasing by divergence at various angles 

from the primary branches, also occasionally from each other, and rarely 
by starting up,vard from the middle of a dissepin1ent; dissepiments cellu­
liferous, a little p.arrower than the branches, and arching upward a little as 

they extend from branch to branch; fenestrules irregularly four-sided; 

upper side usually convex, and lower side sometimes concave, about nine 
in the length of a centimeter, measuring upward, generally wider than the 
branches, but occasionally narrower, especially near the base of the poly­
zoary. Upon the poriferous side, the branches and dissepin1ents, especially 
the former, are each provided with an irregular mesial carina, consisting of 
small, elongate, confluent nodes, which are sometimes sharp and prominent. 
Cell-apertures moderately large, rounded, borders prominent; cells arranged 

in single, quite distinct lines, one on each side of the mesial carina of the 
branches, and generally each dissepirnent bears a double row of similar 
cells. Upon some of the dissepiments the cells form only a single ~1ow at 
the middle, while upon others they are not only double but another cell is 
added near the junction with the branch, giving three cells abrea~t at those 
points. 

Professor Geinitz and others have referred this species to 8. virg~tlacea 
as· only varietally different from the typical forn1s of that species. S. 
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biserialis is now known to extend over an area n1ore than one thousand 
miles across in a direct line, throughout the whole extent of which it is stu­
prisingly constant in its specific characters, and just as constantly different 
from those of 8. virgulacea as that species is repres~nted by the figures and 
descriptions of European authors. The European species is ·without the 
mesial carina of ours, but has in its place a median row of pores, which our 
species· never has. 

Position and locality.-Strata of the Carboniferous period (Red Wall 
limestone) ; Can1p Apache, J\1aricopa County, Arizona. 

GENUfJ POLYPORA 1\Ic<Joy, 1844. 

Polypora stragula White. 

Plate VII, fig. 4 a and b. 

Polypora biarmica Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 68 (not P. 
biarmica Keyserling). 

Polypora (species undetermined) Meek, 1872, U. S. Geol. Surv. Nebraska, 155. 
Polypora stragula White, 1874, Exp. & Surv. west 100th Meri(l., Prelim. Rep. Invert. 

Foss., 19. 

Polyzoary apparently flabelliform; long~tudinal branches bifurcating 
with more or less irregularity in differep.t parts of the polyzoary; dissepi­
ments little if any more than half as ·wide as the branches ; fenestrules oval 
or oblong, the porportions of length and width varying in different parts of 
the polyzoary from about one-quarter longer than wide to twice as long as 
wide; varying also in size in different parts of the polyzoary, but averaging 
about six in number within the length of a centimeter, measured longitudi­
nally; poriferous side of branches furnished with from four to six indistinct 
rows of small thick -set pores of uniform size, the an·angement of then1 in rows 
being more distinct obliquely than vertically; dissepiments usually free 
from pores, except near their junction with the branches, and a slightly­
raised median ridge is often seen upon them. 

This species is known to occur in the Carboniferous rocks of Iowa, 
Missouri, and Nebraska. It was from the latter State that Dr. Geinitz 
obtained the specimens which he referred (loc. cit.) toP. biarmica I\:.eyserling, 
the type-s.pecimens of which species were obtained from Permian strata of 
Petschoraland. Mr. Meek (Zoo. cit.) has pointed out very clearly the differ-
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ence between our species and P. biarrnica, and has al.so given for comparison 
a copy of Count l(eyserling's figure, together with a copy of the figure of 
the species given by Dr. Geinitz. 

Position and locality.-Strata of the Carboniferous period at the con­
fluence of White Mountain and Black Rivers, Arizona. 

CLAss BRACHIOPODA. 
()RDER AR1,HROPOMArfA. 

FAMILY PRODUOTID~. 

GENUS PRODUCTUS Sowerby, 1812. 

Pro ductus costatus Sower by(~). 

Plate VIII, fig. 2 a, b, c, and d. 

, Producta costata Sowerby, 1827. Min. Conch., vi, 115. 
? Producta costeUata McCoy, 1844, Synop. Carb. Foss. of Irelan_d, 108. 
1 Productus costatus de Verneuil, 1845, Geol. Russ. et. Ural Mts., ii, 268. 
1 Productus costatus de Koninck, 1847, Monog. Product., pl. viii, f. 3, and pl. x, f. 3. 
Productus Portloclcia.nas Norwood and Pratten, 1854, Jour. A cad. Nat. Sci. Phila., viii, 15. 
Productus costatus Shumard, 1855, Geological Report Missouri, 216. 
Productus costatus var. Hall, 1858, Geology of Iowa, i, pt. 2, 712. 
'I Productus costatus Davidson, 1860, Monog. British Oarb. Brachiopoda, 152. 
f·Productus ·viminalis White, 1862, Proc. Soc. Nat. Hist. Boston, ix, 29 .. 

· Productus costatus 1 1 Meek, 1872, U.S. Geol. Surv. Nebraska, 159. 

Shell of medium size ; width greater than the length, measured in a 
straight line from hinge to front border, strongly and deeply arcuate; 
hinge-line nearly or quite equal in length to the greatest width of the shell; 
ears thin, well defined, and bent slightly downward; free margin broadly 
rounded, front emarginate. 

Ventral valve very gibbous and strongly curved, having a broad 
shallow sinus extending from the un1bona1 region to the front, producing 
there the before-mentioned emargination of the front border; beak promi­
nent, incurved, but only very slightly projecting over the hinge-line. 

Dorsal valve flattened or only slightly concave in the visceral region, 
abruptly curved upward at the lateral and front margins; front showing a 
very slight mesial fold, corresponding with the broad, ·shallow mesial sinus 
of the other valve. 
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Surface of both valves, except that of the ears, niarked by distinct, 
more or less unequal, rounded, radiating costre, with interspaces of somewhat 

less than their own 'vidth between them; costm generally continuous through 
a greater part of the length of the shell, but sometimes bifurcating, and 
occasionally two or more of them may be seen to coalesce and form a single 
costa of n1ore than ordinary size; crossing the costre, especially on the 
posterior half of the shell, and fonning indistinct reticulations with them, 
are concentric wrinkles, more or less numerous. Upon the ventral valve, 

. especially toward the margins, and upon the ears, there are usually scattered 
strong, more or less perpendicular, spines; some shells are apparently nearly· 
free fi·or:n spines, or have only a few of them upon and near the ears. 

rrhis shell is the American representative of the European P. costatus 

Sowerby, and has been, by European and most American geologists, referred 
to that species, :ln the belief that the differences are at most only varietal. Mr. 
Meek has, however~ shown, in his paleontological report for the United 
States Geological Survey of Nebraska, that there are good reasons for 
doubting the specific identity of the American with the European shell. If 
his conClusions are correct, as they are believed to be, the proper nan1e of 
this shell is P. Portlockianus. Norwood and Pratten, these authors having 
been the first to recognize and publish the American form as distinct fron1 
the European. This species as it occurs in American strata is not only 
a variable one, but some of the varieties show so much constancy that they 
seem almost worthy of specific separation from the typical forms. One of ~hese 
varieties was found plentifully near Santa Fe, New Mexico; but the figures 
given upon Plate VIII are of such examples as are regarded as typical forn1s 
of the species as it occurs in American strata. In P. viminalis White, fron1 
the Burlington limestone (Subcarboniferous ), the front is more than usually 
produced, the costre prominent, and more or less fasciculated, but these 
~lifferences are probably only varietal. 

The geological range of this species is through the strata of the 'vhole 
Carboniferous period in Illinois, Missouri, Io,va, and Nebraska; and if P. 

v·iminalis is only a variety, as it is now supposed to be, the range is far 
toward the base of the Subcarboniferous group also. 

Position and locality.-This is one of the most abundant species in the 
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collections, it having been found at almost every locality at which collec­
tions were mnde from strata of the Carboniferous ·period; It occurs at the 
following, among other localities :-Camp Cottonwood, old Morn1on road, 
Lincoln County; top of Grass 1Iountain, Ely range, thirty-five miles north 
of Pioche; and at Silver Peak, Nevada: head of Partridge Creek, Yavapai 
County ; Salt River ; and head of Big Dry Fork, Arizona ; l(anab Carron, 
Arizona: Rock Canon, W ahsatch range, near Provo ; Lake range, Fairfield 
road, and first camp south of Saint George, Utah; near Bear Spring; Camp 
Wingate, and in the Zuni Mountains, between Camp Wingate and Nutria 
Spring, New Mexico. 

Productus semireticulatus Martin, sp. 

Plate VIII, fig. 1 a, ~' and c . 

.A.nomites semireticulatu,s Martin, 1809, Petrifi.cata Derb., 7 . 

.A.nomites productus Martin, 1809, Petrifi.cata Derb., 9. 
P.roductus scoticus Sowerby, 1814, Min. Conch., i, pl. lxix, f. 3. 
Productus antiquatus Sowerb;y, 181~, Min. Conch., i, 15. · 
Producta Mart-ini Phillips, 1836, Geology of Yorkshire, ii, 213. 
Producta pug-ilis Phillips, 1836, Geology of Yorkshire, ii, 215. 
Leptwna antiquata, Fischer, 1837, Oryct. du Gouv. de J_\1osc., pl. xxvi, figs. 4-5.· 
Leptwna tubifer Fischer, 1837. ib., pl. xxvi, f. 1 (not Deshayes). 
Productus Inca D'Orbiguy, 1843, Paleont. Voyage dans l'Amer. Merid., viii, 51. 
Productaflexistria McCoy, 1844, Synop. Car b. Fossils of Ireland, 100. 
Productus semireticulatus de Koninck, 1847, Monog. Gen. Product., pl. viii, f.l. 
Productus semireticula.tus Shumard, 1805, Geological Report of Missouri, 216. 
Productus semireticulatus Davidson, 1857, lVIonograph British Oarb. Brach. 
Productus semireticulatus Marcou, 1858, Geology of North America, 46. 
Productus semireticulatus Hall, 1858, Geology of Iowa, i, pt. 2, 637. 
Productus Callwunianus Swallow, 1858, Trans. Acad. Sci. St. Louis, i, 181. 
'I Productuslvesii Newberry, 1861, Exp1. Exp. Col. Riv., Palcont., 122. 
Productus sern-ircticulatus Meek, 1872, U. S. Geol. Surv. N ebraska,"160. 

Shell large, very arcuate; ·width greater than the length, the latter 
being measured i~ a straight line from hinge to front; length of hinge-line 
sometimes less and sometimes greater than the greatest width ·of the shell 
in front of it; area of both valv.es distinct, but, as usual in this genus, very 
narrow; ears thin, more or less prominent; lateral and front borders 
rounded; front emarginate. 

Ventral valve very strongly curved; beak depressed and projecting a 
little or not at all over the cardinal border; a broad, shallow, obscurely 
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defined mesial sinus extends from near the umbona l region to the front, 
giving the shell an indistinctly-bilobed appearance. Dorsal valve flattened 
in the visceral region, bent abruptly upward at the sides and front; beak 

flattened or slightly concave. 

Surface of both valves marked by numerous coarse, rounded strire, or 
small costre, which are crossed in the visceral region by some,vhat regular 

concentric wrinkles of near I y uniform size, giving that part of the shell a 
semireticulated appearance, which is more distinct in some examples than in 
othe1\S ; more or less numerous, strong, erect spines are scattered upon the 
ventral valve, generally arising from the costre upon the body of the shell, 
and from the strong wrinkles upon the ears, upon which latter part they 
are usually most numerous. 

9 

Length of a full average-sized specimen, measured in a straight line 
from hinge to front, four and a half centimeters ; width, six centimeters. 

The foregoing synonymy, copied largely from the works of Davidson 
and Meek, shows that this shell presents such variations, both in America 
and Europe, that it bas been described under a variety of specific names 
by paleontologists of both hemispheres~ The differences between the varie­
ties thus described under different specific names are, in some cases at least, 
really very great; but, so far as my own observation has extended, there is 
such a want of ·constancy in these varieties, and such a lack of definite 
specific characters by which they may he clearly separated, that I am dis­
posed to refer them all to one species, with the possible exception of P. Ivesi 
Newberry. 

Viewing the species in this· light, it is one of the most remarkable of all 
known fossil shells, not only for its great variation, but for its wide geo­
graphical distribution and great geological range. It is now known as a 
common fossil in the Carboniferous strata of Europe, Indja, South America, 
and North America. It is found in the I(eokuk limestone of the Sub­
carboniferous period, in Illinois, Iowa, and Missouri, and also ranges through 
the whole series of strata of the Carboniferous period of those States as well 
as in l(ansas and Nebraska. The localities given below make a still further 
additjon to its known geographical range; but most of the examples in the 
collections are of the variety P. Ivesii. 
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Position and locality.-Strata of the Carboniferous period :-near Bear 
Spring, Camp Wingate, and near Santa Fe, New Mexico: Can1p Cotton­
·wood, old ~1ormon road, Lincoln County, and top of Grass Mountain, Ely 
range, thirty-five miles north of Pioche, Nevada: head of Partridge Creek; 

near Bill Williams's Mountain; rrenney's Ranch; l(aibab Plateau; head 
of ·Dry Fork, and Kanab Cafion (Aubrey limestone), Arizona: crest of 
Hurricane Hill, near rroquerville, and Meadow Creek, south of Fillmore, 
Utah. 

Productus Prattenianus Norwood. 

Plate VII, fig. 1 a, b, and c. 

Productus cora Owen, 1852, Geol. Report Iowa, Wisconsin, and Minnesota, pl. v, fig. 1 
(not d'Orbigny). 

Productus sem.ireticulatus Hall, 1852, Stansburs's Report Great Salt Lake, 411 (not 
Martin, sp.). . 

Productus P.rattenianus Norwood, 1854, Jour. Acad. Nat. Sci. Phila., n. s., iii, 17. 
Productus requicostatus Shumard, 1855, Geol. Report Missouri, 201. 
Productus cora Marcou, 1858, Geology of North America, pl. vi, figs. 4 and 4a (not 

d'Orbigny). 
? Productus lcevicostus White, 1860, Jour. Bost. Soc. Nat. Hist., vii, 230. 
Productus Flemingii Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 52 (not 

Sowerby, 1814). 
Productus Galhounia.nus Geinitz, 1866, il>., 81 (not Swallow, 1858). 
Productus Koninckianus Geinitz, 1866, ib., 53 (not de Verneuil, 1845). 
Productus Prattenianus 1\ieek, 1872, U.S. Geol. Surv. Nebraska, 163. 

Shell usually of medium size, but sometimes quite large; b!eadth gen­
erally greater than the length, if the latter be measured in a straight line 
from hinge to front ; hinge in most cases longer than the greatest width of 
the body of the shell; lateral and front margins regularly and continuously 
rounded; ears prominent, thin, and generally broken off in the embedding 
rock ; mesial fold and sinus wanting. 

Ventral valve somewhat uniformly convex, but in some old shells there 
is a greater or less mesial flattening of the visceral region ; umbonal region 
gibbous as a rule, but in rare cases depressed; beak hardly projecting over 
the cardinal border ; ears marked by strong wrinkles, which are continuous 
with similar faint ones that pass up from each side toward the visceral 
region of the valve, and in rare cases meeting at the middle, the wrinkles 
ending posteriorly at the cardinal margin, upon which they produce an 
appearance similar to that of a ctuiain gathered upon a cord. 

R Jt' 
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Su1face of the valve marked by fine, regular, rounded. strire, some of 
which may be traced continuously from the umbonal region to the front, 
increasing by implantation, and occasionally coalescing; somewhat str?ng, 
erect spines are usually scattered over the surface, the cal.·dinal border being 
furnished with numerous strong ones, pointing backward. 

Dorsal valve somewhat uniformly concave; ears with folds or wrinkles 
corresponding with those of the other valve ; surface marked like that of 
the ventral valve, except that it is without spines and concentric folds, and 
that the lines of growth are rather more distinct upon it. 

Length of a very large specimen, six centimeters ; breadth, six and a 
half centimeters ; but the average size is about one-third less. 

This species ranges through the whole Coal-Measure or Carboniferous 
series; and if, as now seems prob~ble, P.lcevicostus White, from the Kinder­
hook formation in Iowa, is not specifically different, its range is through all 
the strata of both the Subcarboniferous and Carboniferous periods. 

Position and locality.-Strata of the Carboniferous period :-near Santa 
Fe and Zandia Mountains, New Mexico: Piloncillo range near Gavilan Peak, 
and at the confluence of White Mountain and Black Riv:ers, Arizona : 
Egan range, th~ty-five_miles south of Egan Pass; Fossil Hill, White Pine 
County ; Roberts' Creek range, Lander County; and top of Grass Mountain, 
Ely range, thirty-five miles north of Pioche, Nevada: near Beckwith 
Spring, Cedar range ; near the top of Mount N e bo ; and upon the west face 
of Oquin·h range, Utah. Imperfect specimens, apparently belonging to this 
species, were also found at Mountain Spring, Lincoln County, Nevada, and at 
a locality below Ophir City, Utah, in rocks that I have referred to the Sub­
carboniferous period. As already shown, it is not improbable that the species 
ranges from strata of that period upward. 

Productus punctatus Martin, sp. 

Plate VII, fig. 2 a, b, and c. 

Anomites punctatus Martin, 1809, Petrificata Derh., pl. xxxvii, fig. 6 (only). 
Trigonia rugosa Parkinson, 1811, Organic Remains, iii, pl. xii, fig. 11. 
Productus punctatus Sowerby, 1822, Min. Conch., 22. 
Anomitcs thecarius Schlotheirn, 1823, Nachtrag zum Petref., ii, 63. 
Productus concentricus Potiez et MiclJaud, 1844, Gal. des Moll. du Mus. de Donai, ii, 25. 
Producta punctata Pllillips, 1836, Geology of Yorkshire, 215. 
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Leptcena. sulcataFischer, 1837, Oryct. du Gouv. de Moscou, pl. xxiii, fig. 2 (not Sowerby). 
Productus semipunctatus Shephard, 1838, Amer. Jour Sci., xxxiv, fig. 9. 
Productus punctatus de Koninck, 1843, Animaux Foss. Carb. Belg., 196. 
Productus punctatus de Verneuil, 1845, Russia and the Ural Mountains, ii, 276. 
Productus _vittatus Hall, 1858, Geology of low~, i, pt! ii, 639. 
Productus punctatus Davidson, 1860, Monog. British Carb. Brachiopoda, 172. 
Productus tubulospinus McChesney, 1860, Descr. New Paleozoic Fossils, 37. 
Productus punctatus Meek, 1872, U.S. Geol. Snrv. Nebraska. 

Shell large, thin; outline varying from imperfectly four-sided, thenar­
rowest side being the posterior one, to subovate ; sometimes wider than 
long, but oftener long~r than wi'de ; cardinal margin almost invariably 
shorter than the width of the shell at any part in front of it ; anterior border 
broadly rounded, but usually a little emarginate at the middle ; sides 
flattened, by which means the lateral margins are somewhat straightened; 
ears small. 

Ventral valve broadly arcuate from front to rear, in which direction 
. there is also a broad mesial flattening of the valve, with usually a shallow 
but distinct mesial sinus along its middle ; umbo prominent, nan·ow; beak 
small, incurved, and projecting slightly over the cardinal margin. Dorsal 
valve moderately concave; beak concave; mesial fold slightly raised, 
extending along the visceral and ant.erior portions ·of the valve. 

Surface of both valves marked by rather numerous and reguJar con­
centric folds, w.hich are smaller at. the beak and borders than elsewhere 
upon adult shells, and smaller and more indistinct upon the dorsal than· 
upon the ventral valve ; interspaces between the concentric folds plain ; 
folds supporting numerous spines of various sizes, but all small, and all more 
or less appressed. 

Length of the speCimen figured, four and a half centimeters; breadth, 
at the broadest part, four centimeters ; but this is rather smaller than the 
average size of adult shells. 

This species is known throughout the whole Coal-Measure series of 
the United States, especially in the valleys of the Mississippi and Missouri, 
and is also a common Carboniferous species in Europe. Besides its range 
through all the strata of the Carboniferous period in this country, examples 
are frequently found in the Subcarboniferous strata of Missouri, Illinois, 
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and Iowa that I am quite unable to separate specifically from P. punctatus, 

among ·which are the examples described by Hall (loc. cit.) under that 
name, from the l(eokuk limestone at Keokuk, Iowa, and Nauvoo, Illinois. 
The collections contain ·comparatively few specin1ens of this species, a fact 
probably due less to its scarcity or absence at other localities than to the 
well-known fragility of the shell, which has doubtless prevented its perfect 
preservation, such as we find in the case of many other shells associated 

with it. 
Position and locality.-Strata of the Carboniferous period ; at and near 

the top of Grass Mountain, Ely range, thirty-five miles north of Pioche, 

Nevada. 

Productus Nebrascensis Owen. 

Plate VIII, fig. 3 a, b, c, and d. 

Productus Nebrascensis Owen, 1852, Geol. Report Iowa, Wisconsin, and Minnesota, 584. 
Productus Rogersi Norwood and Pratten, 1854, Jour. Acad. Nat. Sci .. Phila., n. s., iii, 9. 
Productus Rogersi Hall, 1856, Pacific Railroad Report, iii, 104. 
P:roductus asper 1\lcOhesney, 1860, Descr. New PJ.leozoic Fossils, 34. 
Stropltalosia lwrrescens Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 81 (not 

Murchison, de Verneuil, and Keys(lrling, 1845). 
Prod'ltetus Nebrascensis Meek, 1872, U.S. Geol. Surv. Nebraska, 165. 

Shell of about average size for a species of this genus; outline, in front 
of the cardinal border, suboval or sub-hemispherical; length usually less than 
the breadth; hinge generally less in length than the greatest breadth of the 
shell, and seldom equaling it; antero-lateral margins strongly, and front 
margin broadly, rounded, ·the latter sometimes a little emarginate; postero­
lateral margins somewhat straightened upon, and in front of, the ears, 
meeting the cardinal border at a somewhat obtuse angle; ears small, seldom 
prominent. 

Ventral valve somewhat regularly convex fron1 front to rear; greatest 

convexity behind the middle ; urn bo prorninent, projecting behind the hinge­
line; beak prominent, incurved a little over the cardinal margin; a mesial 
flattening, amounting sometimes, but rarely, to a distinct sinus, extending 
from the umbo to the front margin. Dorsal valve :flattened in the visceral 
region, the antero-lateral and front portions curving abruptly upward; beak 
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and auricular regions depressed so as to produce a slightly-raised, rounded, 
diverging fold between them, respectively, at each side; mesial fold seldotn 
distinct, and perceptible only at the front. 

Surface of both valves covered with numerous spines of different sizes, 
but all very sn1all; those of the ventral valve are borne upon more or less 
distinctly defined concentric folds, and may be ~ivided into two sets, or 
kinds, one consisting of the stronger and more erect spines, and the other 
of small, .short ones, which latter are closely appressed against the surface; 
both kinds are more or les~ connected by means of numerous raised, radiat­
ing lines, which are apparent upon the concentric folds, but scarcely so 
upon the surface of the interspaces. 

Length, thirty-three millin1eters; breadth, thirty-five millimeterH. 
As usually obtained from a limestone matrix, the spines and more or 

less of the surface of t:Qe shell remain with the matrix. Such specimens 
present an appea~ance so different from that of those which have beep. perfe~tly 
preserved in a soft matrix that they have been referred to different species. 
Among ref~rences of this kind is that 1nade by Professor Geinitz (loc. cit.) 

of this species to Strophalosia horrescens. Concerning this I can only say 
that I have collected and examined hundreds of exa1nples of this species 
from his typical locality, and from numerous other localities in Nebraska, 

. Iowa, Illinois, and Missouri, many of them having the interior and all oth~r 
parts well preserved and shown, and not one of them was found to possess 
any of the generic characters peculiar to Strophalosia. That, as ~uggested 
by Dr. Geinitz, the genus Strophalosia may have. been developed from Pro­

ductus, and also that in some cases, while it was effecting sueh a generic 
transition, the specific characters may have remained comparatively 
unchanged, I am willing to believe; but that question need not be now 
discussed. That Productus Nebrascensis, however, affords any evidence of 
such a change, I am by no means prepared to admit. 

Position and locality.-Strata of the qarboniferous period :-Camp 
Apache and Carrizo Creek, Maricopa County, Arizona: Rubyville, Schell 
Creek range ; and top of Grass Mountain, Ely range, Nevada: Meadow 
Creek, south of Filhuore, Utah; and other localities. 
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Productus longispinus Sowerby. 

Plate VIII, fig. 5 a, b, c, and d. 

Productus longispinus Sowerby, 1814, Mineral Conchology, i, 154. 
Productus Flemingii Sowerby, 1814, ib., 154. 
Productus spinosus Sowerby, 1814, ib., 155. 
Productus lobatus Sowerby, 1814, ib., iv, 16. 
Producta setosa Phillips, 1836, Geol. of Yorkshire, ii, 214. 
Productus longispinus de Koninck, 1843, Anim. Foss.1~err. Carb. Belg., 184. 
Productus capacii d'Orbigny, 1843, Vo,Yage dans !'Amerique Merid., iii, 50. 
Productus tubariu.s Keyserling, 1846, Reise in das Petscllora Land, 208. 
Productus longispinus Davidson, 1853, Int. Brit. Foss. Brach., pl. ix, 221. 
Productus Wabasltensis Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phila., n. s., 

iii, 13. 
Productus splendens Norwood and Pratten, 1854, ib., 11. 
Productus Orbignyanus Geinitz, 1866, Carbonformat. und Dyas in Neb., 56 (not de 

Koninck, 1848). 
Productus lwrridus Geinitz, 1866, ib., 55 (not Sowerby, 1822). 
Pro~uctus longispinus Meek, 1872, U. S. Geol. Surv. Nebras~a, 161 •. 

Shell small, almost always broader than long, usually broadest at the 
hinge-line; ears distinct, a .little reflexed, sometimes very prominent, each 
antero-lateral border regularly rounded from the base of the ear to the 
mesial sinus. 

Ventral valve very gibbous, greatest convexity behind the middle, where 
the antero-posterior curvature is sometimes so abrupt as to make the hinder 
portion almost perpendicular with the plane of the margins, but the curva­
ture is generally more regular,. carrying the umbonal region to the rear of 
the hinge-line; beak small, slightly prominent, barely projecting over the 
cardinal margin; mesial sinus usually broad and distinct, but sometimes 

almost obsolete; postero-lateral slopes almost perpendicular with the ears. 
Surface of the valve marked by fine, radiating, rounded strire, which are 
variable in their distinctness and size in different shells as they are also in 
different varieties, more distinct on the ventral than on the dorsal valve, gen­
erally obsolete on the umbonal region of both valves; strire crossed by fine 
concentric wrinkles, which are distinct in some specimens but obsolete in 
others; fine concentric lines of growth are also to be seen under· a lens; spines 
fitrong, erect, long, scattered over the surface son1ewhat unifonnly, but from 
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some specimens they have been removed so completely that they·appear as 
if they had borne none. 

Dorsal valve concav:e, having a faint mesial fold in front corresponding 
. with the sinus of the other valve. No spines have been observed on the 
dorsal valve; but in other respects its surlace is marked like that of the 
other. 

Length of a-large specimen from Meadow .Creek, Utah, eighteen milli­
meters; length of a specimen of a variety obtained from near Santa Fe, 
New Mexico, twelve millimeters; breadth of the one last mentioned, thir­
teen millimeters. 

The fact that Sowerby, who first described this species, divided it up 
into four, and that Phillips and Keyserling each added) another one, is suf­
ficient to indicate its variable character in Europe. The American forms 
are now almost universally regarded as identical with the European, and it 
is an interesting and significant fact that the species is as variable in this 

. part of the world as its European representative is. Some of the American 
varieties are quite constant. The collections contain several fine examples, 

of one of these varieties from near Santa Fe, New Mexico, which variety is 
as ·worthy of a separate specific designation as any of those that have been 
mentioned. This variety is represented by figures 5 c and d, Plate VIII. 
It uniformly smaller than the average size of typical examples; the mesial 
sinus is obsolete, spines delicate, and the surface upon the visceral' region 
more or less distinct! y wrinkled. 

Taking the view of the identity of this species that is ~ndicated by the 
· foregoing remarks, and the synonymy herewith presented, its geographical 
and geological range is found to be very great. If is a well-known fossil in 
the Carboniferous rocks of Europe, and ,.a!so those o£. both North and South 
America.· In this country, it is found to range through the whole series of 
strata of the Carboniferous period; but, so far as I am aware, it has not thus 
far been found in the Subcarboriiferous rocks of North America. 

Position and locality.-Strata of the Carboniferous period; east of 
Minersville, and at Meadow Creek, south of Fillmore, Utah; Camp Cot­
tonwood, old Mormo~ road, Lincoln C<?unty, Nevada; near Santa Fe, 
N e'v 1Hexico. 
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Productus muricatus Norwood and Pratten. 

Plate VIII, fig. 4 a, b, and c. 

Productus muricatus Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phil a., n. s., 
iii, 14. 

Among the collections made by Prof. J. J. Stevenson from the "Mid­

dle Division, Carboniferous, Rock Oreek, Lake County, Colorado", are. some 

imperfect but unmistakable specimens of P. muricatus Norwood and Prat­
ten. This is quite a well-known form; but ~Ir. Meek (U. S. Geological 
Survey of Nebraska, page 161) refers it with doubt to P. longispinus. 
Having found, in a long familiarity with all these shells, that, unlike ·most 
of the admitted varieties of P. longispinus, this species retains its specific 
characteristics with· great constancy over wide areas, I am disposed to 
regard it as a distinct species. 

So far as ~t present known, the geological range of the species is 
through the whole of the Carboniferous or Coal-Measure series. In Iowa, 
I found it almost characteristic of the Middle Coal-1\feasures, in the lime­
stones and calcareous shales of which it ·was often found abundant. 

Productus Mexican us Shumard(~). 

Plate VIII, fig. 6 a, b, and c. 

Productus Mexicanus Shumard, 1858, Trans. Acad. Sci. St. Louis, i, 291. 

Shell small, usually wider than long, ernarginate in front, and flattened 
a little at the sides, giving it a son1ewhat four-sided outline when viewed 

vertically; cardinal border equal to, or greater than, the greatest breadth 
of the body of the shell; ears more or less prominent, distinctly defined and 
convex upon the ventral side. Ventral valve strongly and sornewhat regularly 
arched, the curvature being greatest posteriorly; beak somewhat prominent, 
and slightly incurved ·over the cardinal border; mesial sinus obsolete or 
indistinctly defined, and disappearing at the visceral region. 

Surface marked by from sixteen to twenty rounded, radiating costre, 
with interspaces of similar width, all of 'vhich are 1nost distinct upon the front 
part of the shell ; the visceral region marked by concentric wrinkles, and 
the 'vhole surface by fine concentric lines of growth ; strong erect spines 
c"tro scattered over the surface of the ventral valve, borne upon the costrc. 
Dorsal val vc unknown. 
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Length, fourteen millimeters; breadth, in front of the ears, fifteen n~illi­
meters. 

This shell differs considerably from any Productus known to me in the 
Carboniferous strata, and especially from any of its size, in the proportion­
ally large size of its costre. It answers the description given by Dr. Shuma~·d 
(Zoe. cit.) in almost all particulars; but, as he gave no figure, I am a little 
in doubt as to its identity. Dr. Shumard described the species frotn what 
he then regarded as Permian strata of .the Guadalupe Mountains, New 
Mexico, but they are perhaps equivalent with those now generally regarded 

as belonging to the Carboniferous period. 
Position and locality.-Strata of the Carboniferous period; Camp Cotton­

·wood, old Mormon 1~oad, Lincoln County, Nevada, and also near Salt 
lake, New Mexico. 

GENUS CHONETES Fischer, 1837. 

Chonetes platynota White. 

Plate IX, fig. 6 a, b, c, d, and e. 

Chonetes platynota White, 1874, Exp. & Surv. west lOOth Merid., J>relim. Rep. Invert. 
},oss., 19. 

Shell rather under average size, transversely suboval or indistinctly 
four-sided; length of hinge-line usually about equal to the greatest width 
of the shell, but it is sometimes a trifle greater· and sometimes a trifle less. 

Ventral valve moderately convex, flattened a little toward the hinge­
extremities, without a defined mesial sinus, but in place of it there is a mesial 
flattening or a slight bending upward at the front, which straightens or 
emarginates the front border a little ; beak not prominent; area of moderate 
width, wider than that of the other valve, bearing on its posterior margin 
five or .six rathe1, small oblique tube-spines each side of the beak. 
Dorsal valve almost flat, as often a little convex as concave, especiall:r from 
side to side; mesial fold represented only in adult shells, and in these only 
by a very slight elevation of the front margin following the slight flexure of 
the margin of the ventral. valve. 

Surface of both valves marked by numerous fine, ra~her obscure, 
radiating strire, and occasional imbricating lines of growth. 

Length, nine n1illilneters; breadth, twelve 1nillin1eters. 
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· There are only three species yet published from strata equivalent witl~ 
those which contain this species that are likely in any degree to be confounded 
with it. From 0. glabra Gein!tz, which it resembles in size and outline, it 
differs in being radiately striated instead of smooth, in wanting a prop.er mesial 
fold and sinus, and in having a fla~ or slightly convex, instead of concave, 
dorsal valve. From 0. Verneuilianus Norwood and Pratten, it differsin being 
much less extended at the hinge-line, in wanting a proper mesial fold and sinus, 
and in its flat or con vex, instead of concave, do~sal valve. From 0. granu­
lifera Owen, it differs in its flat or slightly convex dorsal valve, its less 
extended hinge, and in its much smaller si~e and different outline. 

Position and locality.-Strata of the Carboniferous period ; near Santa 
Fe, and near Salt Lake, New Mexico. 

Chonetes granulifera Owen. 

Plate IX, fig, 8 a, b, and c. 

Oltonetes granulijera Owen, 1855, Geol. Report Min., Iowa, and Wisconsin, 583. 
Ohonetes mttcronata Meek and Hayden, 1858, Proc. Acad. Nat. Sci. Phila., 262. 
Ohonetes mucronata Meek anrl Hayden, 1864, Paleont. Upper Missouri, 22. 
Chonetes mttoronata Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 60. 
Chonetes granulifera Meek, 1872, U. S. Geol. Surv. Nebraska, 170. 

Shell rather large, somewhat semicircular in outline, but the ears are 
often extended, and the front a little emarginate. Ventral valve having a 
broad general convexity, which is most prominent at the visceral region on 
each side of a bro~d, shallow mesial sinus; postero-lateral portions com­
pressed; beak small, not prominent ; cardinal margin having from six to 
ten oblique tube-spines on each side of the beak; area narrow ; foramen 
broad, and partially closed by a convex pseudo-deltidium ; dorsal valve 
more or less concave, greatest concavity at the beak and central portion; 
ears flattened ; area well developed, narrow ; the cardinal process occupying 
the unclosed portion of.the foramen of the other valve. 

Surface of both valves marked by very fine, somewhat indistinct, 
radiating strire, which are crossed by a few concentric lines of growth. 
The hinge-line of the largest4(}xamples sometimes reaches a length of nearly 
three centimeters, and the shell a length of sixteen millimeters. 

This species is quite a con1mon one in the Upper Coal-1\.feasures near 
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tbe Missouri River in Missouri, Iowa, and Nebraska, and is represented 
lower in the Carboniferous series in the two first-named States and ·in 
IJlinois by shells of somewhat smaller size, but otherwise apparently identi­
cal in species. It is probable also that this ·last-named variety is identical 

with C. Smithii Norwood and Pratten, and if so it becomes another synonym 
of C. granulifera. 

Position and locality.-Strata of the Carboniferous period (Upper 
Aubrey limestone) ; Kanab Canon, Arizona. 

Chonetes mesoJoba Norwood and Pratten. 

Plate IX, fig. 7 a. 

Chonetes mesoloba Norwood and Pratten Y 1854, Jour. Acad. Nat. Sci. Phila.,n. s., iii, 27. 

Shell rather small, transverse, somewhat distinctly quadrilateral, seldom 
wider at the hinge than it is in front of it. Ventral valve having a greater 
or less general convexity; mesial sinus comparatively large, and bearing 
along its middle a small mesial fold or lobe; between the sinus and the 

postero-lateral portions of the valve there· is at each side a comparatively 
large, more or less prominent, rounded fold, extending from near the beak 
to the antero-lateral margin. Dorsal valve concave, having at the front two 
folds, with a mesial depression between them, the depression corresponding 
with the mesial lobe within the sinus of the ventral valve. Surface marked 
by fine radiating strire. 

Length of the specimen figured, six millimeters; breadth, nine milli­
meters ; but examples are often found that are· one-third larger than this. 

·The constan.t presence of a lobe or fold in the mesial sinus of the ven­
tral valve of this shell clearly distinguishes it from all other known species 
of the genus. Its range is through the whole series of strata of the Carbon­
iferous period. in Illinois, Missouri, and Iowa. · In the latter St~te, it has 
been found almost wholly confined to the Middle Coal-Measures. 

Position.and locality.-The collections contain only a single specimen 
·of this interesting species, which was obtained from strata of the Carbon­
iferous period, at the confluence of White ].£ountain and Black ·Rivers, 
Arizona. 
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]fAMILY STROPHOMENID~. 

GENUS HEl\UPRONITES Pander, 1830. 

Hemipronites crinistria Phillips, sp. 

Pln.te X, fig. 9 a. 

One of the most common fossils found in the rocks of the Carboniferous 
peliod in Illinois, Missouri, Iowa, Nebraska, and Kansas is a very variable 
shell that has duling the past few years been generally referred to Hemipro­
nites crassus Meek and Hayden. After the first publication of their descrip­
tion of this species in the Proceedings of the Academy of Natural Sciences 
of Philadelphia, for 1858, they expressed great doubt (Paleontology of 
the Upper Missouri, 1864), whether it is really different from H. crinistria 
Phillips ( sp.) of Europe. The genus Hemipronites is also freely rep­
resented by different varieties in the Subcarboniferous strata of the States 
just named, so far as they exist there. After long study of these forms, 
from the strata of both periods, I have failed to discover entirely satis­
factory grounds for the specific discrimination of more than one group. 

While I am not prepared to deny that there rna y be more than one 
species of Hemipronites among those hitherto described frorn the various 
strata referred to, I have at present very little doubt that the species long 
known as H. crassus ranges through all the strata of both the Subcarbon­
iferous and Carboniferous periods in the States before named, and that the 
species is identical with H. crinistria Phillips. . The reader is referred to the 
following works for descriptions and illustrations of most of the varieties of 
Hemipronites that have been published fro1n strata of the Carboniferous age 
in America :-Geology of Iowa, Hall, vol. i, part ii, 1858 ; Paleontology of 
the Upper Missouri, J\tleek and Hayden, 1864; Transactions of the Chicago 
Academy of Sciences, vol. i, part i, 1867; United States Geological Survey 
of Nebraska, 1872; and Carbonformation und Dyas in Nebraska, Geinitz, 
1866. 

Position and locality.-Strata of the Carboniferous period :-Meadow 
Creek, south of Fillmore ; Star district, Picacho range ; North Fork of 
Lewiston Cafion, Oquirrh range; below Ophir City; l(anab Canon, 
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Wasatch range ; pass between Rush and Cedar Valleys ; and east side of 

Mount Nebo, Utah; top of Grass Mountain, Ely range; Fossil Hill; 
Camp Apache; old Potosi min·e; Tenney's Ranch; l(aibab Plateau; and 
at the confluence of "Vhite Mountain and Black Rivers, Nevada. 

GENUS ORTHIS Dalman, 1828. 

Orthis Pecosii Marcou. 

Plate IX, fig. 5 (t, b, c, d, and e. 

Orthis Pecosii Marcou, 1858*, Geol. North America, 48. 
Orthis carbonaria Swallow, 1858, Trans. St. Louis Acad. Sci.~ i, 218. 
Orthis carbonaria Meek, 1~72, U.S. Geol. Surv. Nebraska, 173. 

Shell sn1all, sublenticular; outline subcircular or subovate; length and 
breadth nearly equal, but sometimes the length is a little the greatest; front 
margin regularly rounded or slightly emarginate; hinge-line very short, 
less than half the breadth of the shell. Ventral valve having its greatest 

convexity at the umbo, often flattened a little at the front, but without a 
definite mesial sinus; beak small, pointed, somewhat prominent, and arched 

over the small, well-defined area, which arches with it. 
Dorsal valve more convex than the ventral in old shells, its greatest 

convexity being behi~d the n1iddle, generally having a mesial flattening 
extending fron1 the umbo to the front, but no definite mesial sinus ; area 
distinct, but smaller than that of the other valve; beak small, not prominent. 

Surface of both valves marked by fine, close-set, radiating strire, which 
increase mainly by implantation, but occasionall~ by bifurcation; the 
strire crossed by fine concentric lines of growth, and, toward the front of 
old specimens, by imbricating lines. 

The strire often sho·w small pores upon their backs, apparently marking 
the former places of minute tubular spines. 

* Orthis Pecosii, Retzia Morrnonii, Rhynchonella Dta, R. Rockyrnontana, and Spirifer Rockymontana were 
published by Marcou iu his Geology of North America; I have obtained satisfactory evidence that the 
work was published as early as March 1, 1858. Vol. xv of the :Bulletin de la Societe Geologique de 
France contains a statement that a copy of the book was sent to that society on April 20, 1858. In the 
same year, Shumard and Swallow published a paper containing descriptions of the three first-named 
species,. under other names, in the Transactions of the St. Louis Academy of Sciences, but that publication 
was not made until about t.be first of June. In December of the same year, Hall puulished in the Geo­
logical Report of Iowa, Spi1'ifer Rockymontana asS. opirnus; and in 1860, McChesney published R. Rocl•y­
montana as R. etoniwforrnis. It thus appears clea.r that Marcou is entitled to priority of all five of tho 
names above given, as stated in the synonymy beading the descriptions of those species iu this report. 
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Width and length of a large specimen, each thirteen millimeters ; but 
the average size is nearly one-third less. 

This little shell·belongs to a section of the genus Orthis, of which 0. 
Michilini may be cited as the type, and of which 0. Pecosii is the only 
representative known to me in American strata above the Subcarboniferous. 
It is very constant in its specific characters, and has a wide geographical 
range. Professor Marcou's type-specimens were obtained from New Mexico, 
but it is not an uncommon shell in the Middle and Upper Coal-Measures 
of Illinois, Iowa, Missouri, Kansas, and Nebraska. There is a small species 
of Orthis in the Keokuk limestone (Subcarboniferous) of Iowa and Illinois, 
which is very closely related to this one. If it is not identical with 0. 
Pecosii, the range of the latter is probably confined to strata of the Carbon­
iferous period alone. 

Position and locality.-Strata of the Carboniferous period; near Santa 
Fe, New Mexico. 

GENUS MEEKELLA White and St. John, 1867. 

Meekella striatocostata Cox, sp. 

Plate IX, fig. 4 a, b, c, d, and e. 

Plicatula striatocostata Cox, 1857, Geol. Report Kentucky, iii, 568. 
Orthisina Shumardiana Swallow, 1858, Trans. St. Louis Acad. Sci.; i, 183. 
Orthisina Missouriensis Swallow, 1858, ib., 219. 
Streptorhynchuspyramidalis Newberry, 1861, Exp. Exped. Co1. River, Paleont., 126. 
Streptorhynchus occidental is New berry, 1861, i b., 126. 
Orth-is striatocostata GAinitz, 1866, Carbon format. und Dyas in Nebraska, 48. 
Meekella striatocostata White and St. John, 1867, Trans. Chicago Acad. Sci., i, pt. i, 120 . 
.1lfeekella striatocostata Meek, 1872, U.S. Geol. Surv. Nebraska, 175. 

Shell variable in size and shape, indistinctly trihedral in outline ; both 
valves becoming gibbous at full adult age; hinge-line generally much 
shorter than the greatest breadth of the shell. 

Ventral valve usually more capacious than the other, but sometimes 
the difference in this respect is slight, deepest near the umbo; beak almost 
always more or less distorted by being flattened, depressed, bent backward 
or toward one side or the other, usually toward the dextral side; area 
triangular, more or less irregular in consequence of the distortion of the 
beak ; height of area seldom so great as its width at the base, and is often 
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much less, its lateral borders well defined, finely striated, both .. vertically 
and transversely; fissure varying in proportional width, but usually quite 
narrow, and completely closed by a pseudo-deltidium, which is more or less 
flattened along each side, prominent along the middle, along which promi-
nence there is a slightly-raised mesial line. · .. 

Dorsal valve capacious, more regularly convex than the other; con­
vexity so great behind the middle as to carry a portion of the valve a little 

·behind the hinge-line, flattened a little toward the front, suggestive of a 
mesial sinus, but seldom or never possessing a true one ; beak strongly 
incurved, not projecting over the cardinal border; area obsolete; postero­
lateral portions laterally compressed, leaving small thin ears· at the hipge­
extremities. 

Surface of each valve marked by from ten to fourteen, more or less 
angula:r, radiating plications, having deep, angular inters paces between them ; 
plications not extending to the beak, increasing in size toward the front, 
mostly simple, but sometimes bifurcating ; plications arid interspaces both 
marked by numerous fine radiating strire, which, toward the front margin of 
adult shells, usually converge to the crests of the plications, upon which they 
meet at acute angles; crossing these converging lines, there are also usually 
zig-zag lines of growth to be seen. The convergence of the radiating strire 
does not take place until the shell has reached nearly mature size, and 
occasionally not then. · 

This shell is variable in size and shape, and to some extent in its surface­
markings also; but its general characteristics are such as to separate it 
widely from any associated forms. Two principal varieties of the species 
have been recognized and published as separate species; ·but in the Upper 
Coal-Measure rocks of Iowa I have found these two varieties associated 
with such intermediate forms as to con.vince me that they are not specific-

. ally distinct. Some of t~ese differences appear to be of such a character 
only as all species are subject to, and some of them are evidently due to 
difference in age alone. 

· I have not yet seen any American shell belonging to the genus .Mee­
kella that I regard as specifically distinct from M. striatocostata. Compared 
with a specimen of Streptorhynckus pectiniforrnis Davidson,., sent me from 
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England by that gentleman, from collections n1ade in Punjab, India, many 
specimen~ of our shell are found to be specifically undistinguishable from 
it by external features; and, unless its internal characters should prove to be 
differont, it cannot be regarded as specifically distinct from M. striatocostata. 
In Iowa and Nebraska, it is confined to strata of the Upper Coal-Measures. 

Length of one of the specimens figured, twenty-five millimeters; 
breadth, twenty-six millimeters; height, h-venty milli~eters; but examples 
are occasionally found having nearly or quite double these dimensions, but. 
in such large ones the height is not often proportionally so great. 

Position and locality.-Strata of the Carboniferous period :-Camp Cot­
tonwood, Lincoln County, Nevada : Tenney1s Ranch, I(aibab Plateau, 

Arizona : Kanab Canon ; l\feadow Creek, south of Fillmore ; Le Verkin's 
Creek; and at a cliff east of Belleview, Utah. 

],AMILY RHYNCHONELLIDlE. 

GENUS RHYNCIIONELLA Fischer, 1809. 

Rhynchonella Uta Marcou, sp. 

Plate IX, fig. 2 a, b, and c. 

Terebratula Uta Marcou, 1858,* Geology of North America, 51. 
Rhynchonella (Camarophora) Osagensis Swallow, 1858, Trans. St. Louis Acad. Sci., i, 219. 
Oamaropltora globulina Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 38 (not 

0. globulina Phillips, sp., 1834:). 
Rhynchonella Osagensis Meek, 1872, U. S. Geol. Surv. Nebraska, 179. 

Shell rather small, varying considerably in form, usually somewhat 
trihedral, and a little wider than long; postero-lateral margins converging 
at an angle, varying in different shells from eighty to one hundred and ten 
degrees; front broadly rounded, emarginate at the middle. 

Dorsal valve more capacious than the ventral, ~bruptly convex at the 
front; beak strongly incurved; mesial fold not prominent, and perceptible 
only at the front; plications somewhat angular, from nine to twelve in num­
ber, becoming obsolete at the middle and sides of the valve; three or four 
of these plications are borne upon the mesial fold, and there are also three 
or four upon each side of it. 

~ *See foot-note conceming dato of publication on pago 125. 
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Ventral valve rather shallow, si~ilar to the other valve in number, dis­

tribution, and character of the plications; mesial sinus broad, shallow., and 

short., generally having two plications at its botto1n, but so1netimes three; 

all the plications in both valves disappearing about the n1iddle·, so that the 
surface of the posterior portion of the shell is aln1ost entirely unmarked 
except by faint concentric lines of growth. · · 

U suallength of_ adult exarnples about ten n1illimeters; breadth, eleven 

· n1illimeters; but n1any 1nuc~1 smaller examples are found, and the collec­

tions contain a few specimens figured on Plate IX, the dimensions of which 
are one-third greater than those given, and yet they seem evidentl); refera­
ble to this species. 

This shell has quite a wide geographical range, being found in the 
Carboniferous strata of Illinois, Iowa, l\Essouri, I{ansas, and Nebraska, and 

Professor 1\iarcou obtained his type-specimens from near Great Salt Lake, 
Utah So far as kriown, it is confined to the strata of the Carboniferous 

period. It is more nearly related toR. Ottumwa White than to any other 
shell known to n1e, the more gibbous examples of 'vhich it closely r~sembles. 

Position and locality.-Strata of the Carboniferous period ; North Fork 
of Lewiston Canon, Oquirrh range, and at 1\feadow Creek, south of Fill­
more, Utah. · 

Rhynchonella metallica Wl.Jite. 

Plate X, fig. 10· a, b, o, and d. 

Rltynclwnella metallica White, 1874, Exp. & Surv. west lOOth Merid., Prelim. Rep. 
· In n•rt .. li'oss., 20. 

Shell rather less than medium size, depressed, or moderately inflated 
when adult; transversely suboval in outline; antero-lateral borders abruptly 
rounded; front broadly rounded,· but usually .straightened or slightly 
emarginate at the middle; postero-lateral margins straightened, laterally 

compressed, and converging to the beaks at a very obtuse angle. 
Dorsal valve more capacious than the ventral, broadly convex frotn 

side to side, a little flattened near the beak, abruptly bent do·wnwnrd at the 
n1argins ; 1nesial fold broad, not much elevated, discernible only on the 
anterior part of the valve. 

Ventral ~alve comparatively shallow, slightly convex from side to side; 
9 F 
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convexity from the umbo to the antero-lateral n1argins about the same as 

it is from side to side; beak small, prominent, and incurved over that of 
the dorsal valve; mesial sinus broad, becoming obsolete near the 1niddle of 

the shell, and is entirely wanting upon the posterior portion. 
Stu-face marked by from fourteen to sixteen si1nple, angular, plications 

upon each valve, with angular interspaces of similar width between thmn, 

all of which are continuous fro1n the fi·ont to the beaks; about four of these 

plications are borne in the mesial si~us, and five of them upon the mesial 
fold. 

Length, ten n1illimeters ; breadth twelve, 1nillin1eters ; height, seven 
millimeters. 

This shell is n1ore nearly related toR. Cooperensis Shumard fron1 the 
Subcarboniferous strata of ~,1issouri than any other species with which I an1 

acquainted; but it differs in having a less nu1nber of plications, and in want­

ing the ntunerous filiform strim that n1arlc the surface of that shell. 
Position and locality.-St.rata of the Carboniferous period; Old Potosi 

Mine, Lincoln County, N eYada. 

Rhynchonella Wasatchensis "Vhite. 

Plato IX, fig. 3 a, b, c, and d. 

Rhynchonella Wasatchensis "\Vhite, 187 4, Exp. & Snrv. west lOOth l'Ierid., Prelim. Rep. 
Iuvert. Foss., l!l. 

Shell under mediun1 size, sublenticular or subglobose; valves nearly 
alilce in their convexity; length equal to, or slightly greater than, the 
breadth; antero-lateral and front margins son1ewhat.regularly rounded, the 
front being slight! y straightened or a little emarginate ; postero-lateral mar­
gins converging to the _beaks at an obtuse angle. 

Dorsal valve broadly convex front side to side; convexity from beak 

to front regular but a little greater than it is transversely; umbo prominent; 
beak strongly inclu·ved; mesial fold obsolete or wanting. 

Ventral valve strongly and somewhat regularly arching from beak to 
front; convexity from side to side a little less than it is longitudinally and 
about the same as the transverse convexity of the other valve; beak some­
'vhat prominent and incurved over the beak of the dorsal valve; n1esial 
sinus obsolete or wanting. 
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Surface marked .by a few obscure radiating strire, which are most con­
spicuous near the 1nedian line of each valve; fine concentric strire are nu­
merous, and in the adult shell there are also strong imbricating lines of 
growth near the front and lateral margins. 

Length, fifteen millimeters; breadth, fourteen millimeters; height, 
twelve millimeters. 

· This shell is not only without the plications so common to the paleozoic 

species of Rhynclwnella, but .it has also a different general aspect. This has 
eaused so1no doubts to arise as to the propriety of refe1Ting it to that genus, 
but the broken ventral beak shows no other characters than those of 
Rhynclwnella, and the shell-structure is also distinctly fibrous and not 
punctate. 

Position ani/, locality.-Strata of the Carboniferous period; Rock Canon, 
Wasatch Range, near Provo, Utah, where only a single exan1ple 'vas 
obtained. 

Rhynchonella Rockymontana 1\iarcou. 

Plato IX, fig. 1 a, b, c, and d. 

Tcrebratula Roclcymontana Marcou~ 1858, Geology of North America., 50. 
Rhynclwnella eatonia:formis ~cOhesuey, 1860, Description New Pal. Fossils, 49. 

Shell rather large, inflated, subtriheqral in outline, broadest near the 
front; sides somewhat regularly rounded from the antero-lateral portions 
to the beaks. Ventral valve having its greatest convexity toward the beak; 
sides sloping away from the middle with slight convexity and becoming 
flattened or sometilnes even a little concave near the lateral margins; beak 
rather snw1l, prominent, and closely incurved over that of the other valve; 
mesial sinus very broad but not deep, prolonged far upward at the front, 
becoming obsolete about the middle of the valve and is entirely wanting 
upon its posterior portion; from two to four depressed angular plications 
occupy the mesial sinus and disappear with it, the sides and posterior por­
tion being free frcnn plications. Dorsal valve more capacious than the 
ventral ; mesial fold distinct at the front, and, like the mesial sinus, becon1ing 
obsolete about the middle of the valve; fron1 three to five plications like 
those of the other valve mark the fold, but the surface upon each side of it 
is plain like that of the posterior portions of both valves. 'I'he whole 
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surface marked by fine strim of growth, but no radiating strire liaYe been 

detected. 
Length, twenty-five ~11illimeters; .breadth, hventy-six rnilli1neters; 

height, seventeen millimeters. 

'rho only American shell likely to be confounded with this species is 
R.llfissouriensis Shumard, but it differs son1e,vhat in outline and propor­

tions as given in the description and figures of Dr. Shun1ard and also in the 

character of the plications. There ~s a shell in the l(inderhook formation 

at and in the vicinity of Burlington, Io·wa, which is usually referred to R. 
lllissouriensis. If that shell is correctly so referred, it differs 1naterially fron1 

R. Rockymontana in being plainly marked by numerous distinct, radiating 
strim upon both v~i1ves. This shell is also very closely like R. reniform-is 
Sowerby fi·om the Carboniferous strata of England, and 1nay possibly be 
identical 1vith it 

])osit-ion and locality.-. Sti•ata of the Carboniferous period; near Beck­

'vith Spring, Cedar range, Utah. Professor l\farcou obtained his type­

specimens from Pecos Village, N e·w l\1exico, where he found them a~sociated 

'vith J>roductus semireticulatus and Spirigera subtilita. 

FAl\iiLY SPIRIFERIDlE. 

GENUS SPIRIFER SOvVEHBY, 1815. 

Spirifer cameratus Morton. 

Plate X, fig. 1 u, b, c, and cl. 

Spi-rifcr cam,eratus l\forton, 183G, American Journal Science, xxix, 150. 
Spirifcr triplicatus Hall, 1852, Stanslmry's Expedition Great Salt Lal\e, 4l0. 
Spirijcr llleusebachanus Roemer, 1852, Kreidebildung von Texas, 88. 
Spirifcr cameratus ilall, 185G, Pacific Hailroad Surveys, iii, 102. 
Sp-irifer carnerafus llall, 1858, Geology of Iowa, i, pt. ii, 709. 
Spirifcr cameratus l\feek, 187~, U. S. Geol. Sun·. Nebraska, 183. 

Shell usually of 1nedium size, but sometimes quite large, subsmnicir­
cular or subtrihedral in outline, almost always broadest at the, hinge-line; 
the hinge-extremities often pointed and sometin1es n1ucronate. 

Dorsal valve not quite so capacious as the other ; mesial fold distinct, 
broad at the front, smnetimes sharply elevated, but more comn1only rounJed, 
clearly defined f1·on1 front to beak, and rapidly increasing !n width to the 
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front by the greater or less curving-outward of the sides; sides of the valve 

. sloping aln1ost directly fro~ the 1nesial fold to the lateral borders ; antero.,. 

posterior convexity of the tnesial fold very slight from front to middle, but 

increasing fro1n the middle to the beak; beak sn1all, p1~ojecting slightly over 

the cardinal border. 
Ventral valve strongly arching fro1n beak to front, .the beak being 

prominent, pointed, and curved over the area; area con.cave, of moder~te 

·width, and not narrowing to a sharp angle at the hinge-extremities; foran1eri 

ahnost equi~aterally triangular, partially closed by a pseudo-cleltidium, 'vhich 
i::; often removed by ·weathering; 1nesial sinus well defined fron1 front to 
beak, and in all respects answering to the mesial fold of the other valve. 

Stuface marked by numerous distinct, rounded sh·ire of unequal size, 

which increase gradually in size toward the front; strire increasing in 
number by the division near the beak of the few that are continuous to its 
point ; they are t~n1s generally gathered into more or less distinct fascicles 
of three or more strire in each, the 1niddle strire of the fascicle being the 
most prominent, and also the one that reaches the point of the beak ; the 
mesial fold and sinus usually have strire of the same character and arrange­
ment as the sides of the shell have, but in some rare cases they are obsolete 
upon the side.s of the fold and sinus respectively. Besides the radiating 
strire the usual concentric lines and occasional coarser n1arks of growth 

exist. 
Length of a good-sized example, thirty-t,vo n1illin1eters ; breadth, at 

the hinge-line, forty-three millimeters; height, twenty-two millimeters. 
This is one of the most common species· in American strata of the Car­

boniferous period, and may generally be identified without hesitation, but 
there are some varieties of it that give more trouble in satisfactory identifica­
tion. One variety. has been. described by Professor Swallow as var. 
J(ansasensis, which is more than usually transverse, and the strire nem;ly 
uniform in size, and not fasciculated, as they are in typical examples, 
approaching in these respects 8. striat~ts Martin, sp . 

• Position and locality.-Strata of the Carboniferous period :-Fossil Hill, 
White Pine County; Ely range; Old Potosi ~fine, ·Lincoln County, and 
Egau range, tl.1irty-five n1iles south of Egan Pass, Nevada; Ca1np Apache, 
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Maricopa County ; Salt !liver; confluence of White J\iountain anJ Black 
llivers; and Calion Butte, Arizona; Oquirrh range, near Camp Floyd; Lake 

range, on Fairfield road ; 'vest face of Oquirrh range ; North Fork of 
Lewiston Calion, Oquirrh range ; cliff east of Bellevie'v ; l\:feado·w Creek, 
south of Fillmore ; North Star district, Picacho range ; near Beckwith 

Spring, Cedar range ; Hock Calion, Wasatch range, near Provo, and Virgin 
range, southwest of Saint George, Utah. 

Spirifer striatus Martin, sp. 

The collections contain son1e examples of Spirifer that are more or 
less imperfect, but ·which are so closely like S. striatus that I am unwilling 
at present to make any other assig:t;:tment of them. 'rhey are from strata 
of the Carboniferous period, near Fort Bayard, New 1\tfexico, and the North 
Star district, Picacho range, Utah. 

They seem to be ~lifferent from Professor Swallow's variety of S. 
carneratus before mentioned, and are evidently identical with the shell 
referred by Professor Marcou to this species in his Geology of North 
America, examples of which he obtained in part from localities not far 
distant from those at which ours were obtained. Specimens of this species 
'vere also obtained from the Subcarboniferous strata at Mountain Spring, 
old Mormon road, Nevada, which are noticed on a previous page. 

Spirifer rockymontanus 1\iarcou. 

Plato XI, fig. 9, a, b, o, anu d. 

Spirifer 'rockymontani Marcou, 1858,* Geol. North America, 50. 
Sp·ir~fer opirm.lS Hall, 1858, Geol. Iowa, i, pt. ii, 711. 
Spirifer subventricosa McChesney, 1860, Descr. New Paleozoic Foss., 44. 

Shell very variable in outline, so1ne examples being scarcely broader than 
long, ·while the length and breadth of others have tho relative proportions of 
seven to ten; regularly rounded in front of the hinge, the hinge-line being 
usually a trifle shorter than the breadth of the shell imn1ediately in 
front of it; the valves are of almost equal capacity, and more or. loss 
gibbous. Ventral valve having a moderately well-defined 1nesial Sinus, 

-----·--· -·-·-- ------
* Seo foot-note 011 page 1~5 cuncerui'.lg date of nnulication of thi~ species. 
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which is wide at the front, and distinctly defined from front to beak ; area 
of moderate width, concave, the beak being strongly incurved over it. 

Dorsal valve having a mesial fold COITesponding in shape and distinct­
ness with the sinus of the other valve; beak not pron1inent, projecting very 
little over the cardinal border. 

Surface of each valve bearing from twenty-four to thirty radiating pli­
cations, distributed over the sides and also upon the fold and sinus; the 
middle plications somewhat larger than any of the others, the size diminish­
ing gradually toward the postero-lateral regions. 

The numerous specimens of this species in the collections present n1ost 
perplexing variations, and I have repeatedly been ahnost persuaded to 
arrange some of them under a separate specific narne, but the presence of 
intermediate forms has prevented such a decision. I have no doubt of the 
specific identity of our shell )vith S. Rockymontan~ts Marcou, and it 'viii also 

be noticed that some of our exan1ples were obtained from near the same 
localities that furnished the type-specimens used by Professor l\1:arcou in 
writing his description. Many of the examples under examination agree in 

all essential particulars with S. opimus Hall, which thus becomes a synonym 
of S. Rockymontanus. Compared with figures and descriptions of 8. bisulcatus 

Sowerby from the Subcarboniferous strata of Great Britain, some of our 
examples agree so closely that I suspBct this American shell may, after all, 
prove to be identical ·with that European species. 

lJosition and locality.-_Strata of the Carboniferous period : North Fork 
of Lewiston Cafion, Oquirrh range, and upon the west face of Oquirrh 
range, Utah; also near Santa Fe, New 1\iexico. 

SuBGENUS MARTINIA McCoy, 1844. 

Spirifer (Martinia) plan~convexus Shumard. 

Plate X, fig. 3 a, b, and c. 

Spirifer 11lanoconvexus Shumard, 1855, Geological Report of Missouri, 202. · 
Ambocmlia gcm1nula McChesney, 1860, Descr. New Paleozoic Fossils, 4;1. 
Spirifer planoconvexus Meek and Hayden, 1864, Paleont. Upper Missouri, 20, 21. 
Spiri.fcr planoconvexus Geinitz, 1866, Carbontormation und Dyas in Nebraska, 42. 
Compare with Spirifer Urii Fleming, 1828, British Animals, 376. 

Shell very small ; breadth varying from a little more to a little less · 
than the length; hinge-line of considerable length, but always shorter than 
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the full breadth of the shell in fi·ont of it; lateral and front borders regu­
-larly and continuously rounded. 

The dorsal valve would be almost circular hut for its truncation by the 
hinge-line, nearly flat, hut slightly convex at the umbo, and so1netin1es 
slightly concave at the front; beak ·minute, not prominent; area very nar­
ro,v. 

Ventral valve capacious, especially its posterior portion, whieh extends 
much behind the hinge-line, and ends in a pron1inent, strongly incurving, 
pointed beak; area very narro,v, high, concave; mesial sinus absent, but 
in its place there is usually a slight flattening at the front, and sometin1es 
an indistinctly in1pressed line is to he seen extending fron1 beak to front. 

Surface apparently s1nooth, but under a lens it is seen to be _finely 
granular, the apparent granules being the bas.os of 1ninute setm ; a fe,v con­
centric lines of growth are onsually observable upoi1 both valves. 

This shell agrees so closely in many respects with S. Udi Flen1ing, 
from the British Carboniferous strata, that the propriety of placing it under 
any other specific name may 'veil be questioned. In view, however, of the 
fact that the characteristics of this subgenus admit of the development of 
very few salient specific characters, I am at present disposed to regard 
these minor differences as affording sufficient reason for continuing the use 
of Shumard's name. It is one of the 1nost comn1on species in American 
rocks of the Carboniferous period, having been found in the Coal-1\fensure 
strata of Virginia, Pennsylvania, Illinois, 1\.fissouri, Io,va, Nebraska, and 
J(ansas, besides the regions that have supplied it to our collections, being 
generally most abundant in the upper portion of the series. It is often gre­
garious; so1ne portions of the strata in w l~ich it occurs being composed 
mainly of shells of this specie$ alone. The collections, however, contain 

comparatively few exmnpleR. 
Position and locality.-Strata of the Carboniferous period: near Santa 

Fe, New ~fexico; and at Elko 1\fountain, Nevada. 

Spirifer (Martinia) glaber Ynr. contracta M~eek anu Worthen. 

Plate X, fig. 2 a, b, and c . 

.Anomites glaber 1\fart!n, 180!), Petrificata Derbiensia, pl. xh"iii, figs. H, 10. 
Np'irifer glabcr Sowerb~', 1820, 1\Iineral Conchology, iii, 123. 
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1'rigonotretct obla.ta Bronn, 1836, Letbrea Gt->ognostica, i, 81. 
Spi·rife'i· glc~ber Phillips, 183G, Geology of Yorh:sllire, ii, 219. 
Spirifer lmrigatus von Buch, 1840, l\iem. de la Soc. Geol. de France, iv, 198. 
Spirij·cr glttbcr de Koninck, 1844, Animaux Fossiles de la Belgique, 267. 
JIJa.rtinia glabra McUoy, 1844, Synopsis Carb. Fossils of Ireland, 139. 
Spirifera glabnt, McCoy, 1855~ Briti~h Palreozoic Fossils, 428. 
Spirifera glabra Davidson, 1857, Monog. British Uarb. Brachiopoda, 59. 
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Sp'irifcr glaber var. contracta Meek and vVortben, 1866, Geol. Surv:of Illinois, ii, 298. 

Shell reaching about Inediunl size, rotund, gibbous, or beconling Inuch 

inflated with age; length and breadth usually about equal; hinge-line short, 
not quite equal to half the transverse diameter of the shell. Dorsal valve 
less capacious than the other, su bcircular, broadly rounded in front, most 

convex near the beak; the beak is small, slightly prominent, and projects 
trifle over the cardinal margin. Ventral valve capacious, arcuate; umbo 
extended mnch behind the hinge-line, especially in adult shells; mesial sinus 

absent or obsolete; beak- protuinent, pointed, and strongly incurved; area 
narrow. laterally, moderately high, concave, lateral borders obscurely 

defined; foramen col!lparatively large, occupying the greater part of the 
area. 

Stu-face apparently sn1ooth, but under a lens fine concentric lines are 
seen, 'vhich appear to ha_ve been the seat of concentric rows of very minute 
setre ; concentric folds are also· sometirnes present, especially toward the 
n1argins of old shells. 

Length and breadth of the largest specimen in the collection, each six 
millimeters; height, twenty millimeters; but this is considerably larger than 
the average size of the others, and the height is proportionally greater. 

The type-specin1ens of this variety of 8. glaber were obtained by Meek 
and Worthen fron1 the Chester limestone (Subcarboniferous) at th~ town of 
Chester, Illinois. Our shell agrees so exactly 'vith it that I feel compelled 

to refer it to that variety notwithstanding the fact that it was obtained from 
strata of another and _later period. rrhe principal observable' difference 
between ours and J\1eek and ·"vv orthen's type-specimens seems to be a nearer 

approach in their shell to a defined mesial sinus than in ours, but this 
difference may be no more than an individual one. If it is not referable to 
this variety, I am not able at present to refer it to any other than the original 
European :-;pecies. It especially resembles _a variety from Yorkshire, 
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England, which Mr. Davidson illustrates on Plate XII, figs. 8, 9, and 10, 
of his Monograph of British Carboniferous Brachiopoda, and refers with 
doubt to 8. glabra. 

Position and locality.-Strata of the Carboniferous period; Camp Cotton­

wood, Lincoln County, Nevada. 

GENUS SPIHIFERINA d'Orbigny, 1847. 

Spiriferina Kentuckensis Shumard. 

Plate X, fig. 4 a, b, and c. 

Spirifer octoplicatus Hall, 1852, Stansbury's Exped. Great Salt Lake, 409 (not 8. octopli­
catus Sowerby). 

Spirifer Kentuclcensis Shumard, 1855, Geol. Surv. Missouri, 203. 
Spirifer laminosus Geinitz, 1866, Carbonformat. und D~'as in Nehraska, 45 (not S. 

laminosus McCoy). 
Spiriferina J[entucken8·is Meek, 1872, U.S. Geol. Surv. Nebraska, 185. 

Shell small, very variable in outline, usually subsemicircular, but some­
times the hinge-extrerr1ities are mucronate, and sometimes so shortened that 
the shell is subglobose in form, but it is always broad~r than long. Ventral 
valve more capacious than the other; beak pron1inent, arching backward; 
area moderately high, well defined; concave; foramen higher than wide; 
mesial sinus distinctiy defined, rather narrow, often moderately deep, with- . 
out plications, except occasionally a small obscure one at the bottom. 
Dorsal valve somewhat regularly convex; beak scarcely prominent, pro­
jecting very slightly over the. cardinal n1argin; mesial fold narrow, dis­
tinctly defined, a faint linear depression sometimes observable along its 
middle corresponding with the small linear plication sometimes seen at the 
bottom of the sinus of the ventral valve. 

Surface of each valve marked by from ten to eighteen simple prominent 
plications, rounded or almost angular at top, and having interspaces of 

similar width between them ; the plications bounding the sinus are a little 
larger and a little more prominent than the others, which thus serve to more 
clearly define the sinus from the remainder of the shell. The entire surface 
is also marked by fine, distinct, prominent, and closely-crowded lines of 
growth. 

Length of a specimen, of about average size and proportions, nine 
n1illinwters; breadth between the hinge-extren1ities, thirteen millhneters. 
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1\fr. 1\feek, in his Paleontological Report for the United States Geological 
Survey of Nebraska, has pointed ont the close relationship of the more 
compact forms of this species 'vith S. octoplicata Sowerby from the Sub­
carboniferous strata of Europe, bnt expresses a doubt of its specific identity 
with the European shell. That it is really distinct from S. octoplicata is now 

apparently proven by the discovery in strata of the same period, and among 
the associates of S. J(entuckensis, of a species that seems to be unquestionably 
idontical.with the. former species, and as certainly different fi·on1 the latter. 

Position and locality.---This species is quite a common one in the Car­
boniferous strata of I(entucky, Illinois, Missouri, Iowa, Nebraska, I{ansas, 
and Texas; but I am not aware that it has ever been discovered in strata 
of the Subcarboniferous period. r-rhe collections contain it from strata of 
the Carboniferous period from near Santa Fe, N e·w Mexico, at 1\feado,v 
Creek, south of Fillmore, Utah, and Camp Apache, Arizona. The species 
is represented by an unexpectedly small number of specimens. 

Spiriferina octoplicata Sowerby. 

Plate X, fig. 8 a, b, and c. 

Spirifer octoplicatus Sowerby, 1827~ Mineral Conchology, 120. 
Spirifer cristatus von Bucb, 1837, Ueber DeltbJris, 39. 
Spirifer cristatus McCoy, 1855, Synopsis Carb. Foss. Ireland, 133. 
Spirifcrina cristata var. octoplicata Davidson, 1857, 1\Ionog. British Carb. Brachiopoda, 

38. 
Spir-ifer·ina spinosa var. campestris vVhitc, 1874, Expl. &. Surv. west lOOth 1\tierid., 

Prelim. Ueport Invert. Foss., 21. 

Shell rather under medium size, suboval or somewhat tetrahedral in 
outline, broader than long, more or less gibbons; hinge-line extended, not 
mucronate_, but usually a trifle shorter than the greatest breadth of the 
shell; valves of almost equal capacity. 

Mesial 0folcl of the dorsal valve narrovv, plain, distinctly defined from 
front to beak, elevated at the front of the more gibbous examples; beak of 
the valve slightly projecting over the cardinal margin. Mesial sinus of the 
ventral valve plain, narrovv or of moderate width, distinctly defined from 
front to beak, sometimes extended much up,vard at the front; beak: of the 
valve pron1~nent, incurvecl, its area, n1oderately high and gently arching. 
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Slnface · marked by fron1 four to six strong, pron1inent, simple plica­
tions on each side of the n1esial fold and sinus respectively. The 'vhole 

surf~tce is also n1arked by fine granulations, and, near the front _especially, 
by concentric lines of growth, but no spines have yet been detected. 
Exfoliated portions of the shell show its structure to be coarsely punctate. 

Length of a robust exan1ple, sixteen millimeters; breadth, twenty-one 
n1illimeters ; height, fourteen millimeters. 

This species, as represented in the collections, has all the characteristics 
of the typical forrns of 8. octoplicata. 8 .. J(entuckensis Shumard has been 
by son1e authors referred to that species, but our shell is distinguished fron1 

Shumard's species by its greater size, its more robust form, less numerous 
and larger plications, and in the absence of the fine, prominent, concentric 
striation 'vhich thut species possesses. It is very closely related to 8. 
spinosa Norwood and Pratten, from the Chester limestone of the Subcarbon­
iferous period at Chester, Illinois. Indeed, almost the only difference I a1n 
able to detect between them is the appa1~ently entire absence of spines fro1n 
the surface of our exarnples, 'vhich characterize that species. Since 'Ye 
often find among other species of spine-beadng Brachiopods that there is a 
very great variation in the number of spines, even upon specimens associ0ted 
together in the same strata, it may not be unreasonable to suppose that 
our shell has lineally descended fro1n 8. spinosa, suffering little or _no change 
other than the loss of its spines during the transition from one geological 
period to the other. In my prelin1inary report, I regarded the exa1nples 

contained in ·the collections as those of a variety of 8. spinosa, but even 
that species is not unlikely a variety of 8. octoplicata. In any case, further 
comparison has -convinced me that our examples agree nwre nearly with the 
last-named spe.cies than with S. spinosa. 

This supposition of lineal descent seems to be supported. by the fact 
that more than one species found common in the Chester limestone forma­
tion is distinguishable from certain Coal-Measure forms only with great dif­
ficulty, if at all. 

Posit-ion and locality.-Strata of the Carboniferous period ; near Santa 
Fe, New l\fexico, and at Camp Cottonwood, Lincoln County, Nevada. 
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GENUS UETZIA King, 1850. 

Reztia Mormonii Marcou. 

Plate X, fig. ·7 a, b, and c. 

Terebratula Mormonii 1\iarcou, 1858,* Geology of North Am~rica, 51. 
Retzia punctilifera Shumard, l858, Trans. St. Louis Acad. Sci., i, 220. 
Retzia Mm·monii Meek and Hayden, 1859, Proc. Acad. Nat. Sci. Phila., 27. 
Retzia s·ubglobosa McChesney, 1860, Descr. New Pal. Fossils, 45. 
Retzia Morrnonii Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 39. 
Retzin punctilifera 1\Ieek, 1872, U. S. Geol. Surv. Nebraska, 189. 

141 

Shell sn1all, ovate in outline; both valves more or less gibbous; hinge­
line short; ears very minute, and observable only in well-preserved exam­
ples. Ventral valve a little more capacious than the dorsal; posterior 
portion narrowed to the umbo, which i~ prominent and considerably arched; 
beak. sn1all, truncated by a foramen of moderate size; area small but well 
defined. Dorsal valve almost as prominently convex as the ventral; umbo 
prominent ; beak in curved and extending a trifle over the cardinal border. 

Surface of each valve marked by fron1 fourteen to seventeen simple, 
narrow, ra~iating costre, having interspaces of similar 'vidth; costre sharply 
elevated, their backs, as 'veil as the bottoms of the interspaces, somewhat 
flattened; mesial fold and sinus wanting or obsolete. 

· This shell is a characteristic and not uncommon one in the Carbonif­

erous str~ta of Illinois, Missouri, Iowa, Nebraska, and I\:.ansas, but it is 
represented by only a fe·w exa1nples in the collectjons. 

Position and locality.-Strata of the Carboniferous period ; near Santa 
Fe, New 1\lexico, and top of Grass 1\fountain, .Ely range, thirty-five· miles 
north of Pioche, Nevada. Professor Marcou obtained his type-specimens 
from Utah. 

GENUs SPIRIGERA d'Orbigny, 1847. 

Spirigera subtilita Hall. 

Plate X, fig. 6 a, b, and c. 

:J;erebratula subtilita Hall, 1852, Stansbury's Exped. Great Salt Lake, 409. 
Terebratula? subtUita David8on, 1857, Monog. British Carb. Brach., 18. 
Spirigera subtilUa Meek and Hayden, 1859, Proc. Acad. Nat. Sci. Phila., 20. 

*See foot-note concerniug date of publication on page 125. 
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Athyris subtilita Newberry, 18G1, Exp. Expe(l. Colorado River, Paleontology, 126. 
Athyris s·ubtilita Daviuson, 18G3, Fossils of Southern India, pl. ix, fig. 7. 
Athyris s·ubtiUta l\Ieek, 1872, "G. S. Geol. Snrv. Nebrasl\a, 180. 
Compare Athyris subqua.dra.ta Ilall, 1858, Geology of Iowa, i, part. ii, 703. 

Shell of moderate size, varying considerably in outline, but is generally 
su bovate ; seldom, if ever, as wide as it is long, moderately gibbous, but 
sometin1es old shells are much inflated. Ventral valve generally a little 

more capacious than the dorsal; beak prominent, strongly incurved; mesial 
sinus not very deep, even at the front, and becon1ing obsqlete about the 
middle; a more or less distinctly-impressed line usually exists along the 
botton1 of the sinus, extending from front to beak. 

Dorsal valve somewhat uniformly convex, but most prominently so 
near the umbo; beak small, slightly prominent; mesial fold not distinctly 

defined. 
Surface marked by concentric strire and by occasional imbricating 

lines of growth; faint traces of radiating strire, such as are common on 
shells of this genus, are also occasionally seen. 

Length of a specimen of ordinary· size, twenty-four millimeters; 
breadth, twenty millimeters; height, nine millimeters. 

In all the variations this shell is subject to, it is easily -recognized after 
an acquaintance with the species has once been formed. One of the most 
noticeable of its constant characteristics is the impressed mesial line at the 
bottom of the sinus of the ventral valve, and extending from front to beak~ 
This feature is rarely obscure, and usually distinct. 

This species ranges through the whole series of strata of the Carbon­
iferous period into the Permian, according to Mr. Meek; but it has not yet 
been recognized in the Subcarboniferous rocks of America, unless S. sub~ 

lamellosa IIall, from the Chester limestone of Illinois, should prove to bo a 
variety of this species. In England and India, however, it has been recog­
nized in Subcarboniferous strata. Besides the localities at which it was 
collected by the exploring parties, it has been obtained from the Carbon­
iferous strata of West Virginia, Ohio, Illinois, Missouri, Iowa, Nebraska, 
and Kansas, and also from the Permian rocks of the latter State.· 

Position and locality.-The following are the localities that have fur­
nished the species to the collections :-Carizo Creek, Maricopa County ; 
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Camp Apache; Tenney's Ranch, I{aibab Plateau; confluence of White 

:&fountain and Black Ri~ers; Grass Mountain, thirty~five miles north of 
Pioche; and foot-hills of Dragoon Mountains, Arizona: Fossil I-Iill, White 

Pine County; and Camp Cottonwood, Nevada: fifteen miles south of Saint. 

George; near Ophir City ; Rock Canon, Wasatch range, near Provo ; and 
near Minersville, Utah. 

Spirigera planosulcata Pllillips, 8p. 

Plate X, fig. {) a, b, c, and d. 

Spirifer planosV-lcata Phillips, 1836, Geology of Yorl\:shire, ii, 220. 
1'erebratttla planosulcata Marcou, 1858, Geology of North America, 52. 
Compare Athyris sublamellosa Hall, 1858, Geology of Iowa, i, pt. ii, 702. 
Cow pare Athyris crassicardinalis vVhite, 1860, Jour. Bost. Soc. Nat. Hist., vii, 229. 
Compare Athyris planosulcata? 1\Ieek and Worthen, 1866, Geol. SunT, Illinois, ii, 254. 

Shell rather small, having asubtetrahedral, subpentahedral, or sub circular 
outline; both valves n1ore or less gibbous; greatest breadth a little behind 
the middle, the valves almost equally capacious. Ventral valve without a 
proper mesial sinus, but in its place there is usually to be seen a slight mesial 

attenfling extendii1g from the front to about the middle; beak sn1all, promi­
nent, curving upward so as to bring its small foramen about on a plane with 
the margin of. the valve. Dorsal valve broadly convex, but it is in most 

cases mesially flattened a little at the front, like the ventral valve; this 
slight flattening of both valves produces a little straightening or truncation 
of the otherwise broadly-rounded front border. 

Surface marked by numerous imbricating lines of growth and occa­
sionally by faint traces of radiating sti·ire. 

Length of an average-sized example in the collections, twelve nlilli­
meters ; breadth, thirteen 1nillimeters ; height, eight millimeters. 

The characteristics of this little shell as represented in the collections 

are quite co~stant, and it seems to agree in all essential r~spects with the " 
species to which it is here referred; but, so far as I have been able to make 
comparisons, I am not without some doubt as to its specific identity with S. 

planosulcata, nor can I satisfactorily refer it to any other described species. 
In external characters, which are the only ones that have been observed in 
the shell under discussion, it agrees almost exactly ·with S. crassicardinalis 
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White fron1 the Subcarboniferous strata at Burlington, Io·wa. In general 

aspect, it is rather more nearly like that shell than the one which Meek and 

Worthen have referred (lac. cit.) to S. planosulcata fron1 the Keokuk lime­

stone of Illinois. If the species here described should be referred to any 

described American species, it ought, I think, to be referred to S. crassicar­
dinalis White. 

· Position and locality.-Strata of the Carboniferous period: Santa .Fe, 
N e"v 1\fexico; and Rush Creek, Lake County, Colorado. 

FAl\iiLY TEREBR.ATULIDlE. 

GENUS TEREBUATULA Lhwhyd, 1G98. 

SunGE~US DIELASMA King, 1859. 

Terebratula (Dielasma) bovidens Morton. 

Plate XI, fig. 10 a, b, and c. 

Terebratula bovidens 1\forton, 183G, Am. Jour. Sci. & Arts, xxix, 150 . 
. Ter.ebratula millepunctata Hall, 1856, Pacific Uailroad Survt~ys, iii, 101. 
Tercbrat~tla gcniculosa, McOLtesnes, 18GO, Descr. New Pal. Fossils, 8~. 
Tcrebratula botidens :Meek, 1872, U. S. Gcol. Surv. Nebraska, 187. 
Diclasma? bovidens \-Vhite, 1874, Exp. & Surv. west lOOth Merid., Prelim. Hep. Invert. 

Foss., 21. 

· Shell ovate or elongate-ovate in outline ; sides behind the middle lat­

erally compressed, where also the shell is narrower, and its vertical diame­
ter greater than in front of the 1niddle. Ventral valve strongly arcuate 

from beak to front, the curvature being greatest behind the middle, rather 
more capacious than the other valve ; beak prominent, incurved, but not 
coming quite in contact 'vith that of tho dorsal valve; foramen moderately 
.large, not squarely truncating the beak, but opening obliquely backward; 
mesial sinus broad, and more or less distinct at the anterior part of the 

valve, but becoming obsolete at or behind the middle; dental plates 
extending but little, if any, in front of the teeth, placed so near the sides ·of . 
the beak that the space between them and the sides of the shell is very 
narrow. Dorsal valve generally ahnost straight along the rnedian line from 
the front margin to a little behind the middle, from which part it gently 
curves to the beak; gently and some,vhat uniformly convex from side to 
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side, without a rnesial fold, except that sometimes the front n1argin is slightly 
raised to conform to the shallow sinus of the other valve; character of tho 
loop not fully determined, bi1t it is known to reach farther forward than 
the middle of the shell. 

Surface nearly smooth; shell-structure finely punctate. 
This shell varies considerably in size and shape; one specimen in my 

private collection from Nebraska measuring three centimeters in length, 
and 'is proportionally broad. Some in the collections fron1 near Santa Fe 
are unusually elongate, in which respect they seem to possess somewhat 
definite varietal characters; one of them measuring ~bout twenty-five mil1i­

nleters in length, thirteen millimeters in breadth, and ten millin1eters in 
height. The average size is about seventeen millimeters long and twelve 

or thirteen n1illimeters broad. 
The ·presence of an elongated brachial loop in this shell, together with 

the dental plates in the beak of the ventral valve, plainly shows that its 
reference hitherto to the genus Terebratula proper is incorrect. Fragments of 
the loop have been seen by breaking some of the solidly-filled shells of the 

collections, but the best observations of that kind were madE? upon some 
examples from Iowa. These were filled with calcite in the process of their 
mineralization, the transparency of which allo'Yed the loop to be seen by 
transmitted light after the shell had been ground off, and polished above 
and below. Only the general form and extent of the loop were ascertained, 
as the details vvere obscured by the confused character of the crystalline 
filling ; but it i_s apparently much like that of Waldheim,ia. Besides the 
dental plates, a broken exan1ple among the collections shows ·what is appar­
ently the bird-sterntun-lil<:e process of the dorsal valve that characterizes 
Dielasma, as described by Professor l{ing; but this is not shown clearly. 
The subgenus Dielasma is evidently closely allied to Cryptonella I-Iall; and 
if it is not really identical, the differences are apparently confined to internal 
characters alone. Cryptonella is known to exist in the Subcarboniferous 
strata of Michigan; but its presence in strata of the Carbon~ferous period is 
not certainly known. So far as indica~ed by the species I at present refer 
to, Dielasma, the subg~nus, seems to be confined to strata of the Carbonifer­
ous age, and to range through all three of its periods. Besides the species 

10 F • 
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here described, one is known to exist in the Subcarboniferous limestone of 
Washington County, Indiana; D. Burlingtonensis occurs in the Sub carbonif­
erous strata at Burlington, Iowa, and in Nevada ; and Professor Swallow 
has described one from the Subcarboniferous strata at Chester, Illinois, 
under the name of Terebra:tula arcuata, which is so. nearly like D. bovidens 
that it is d~fficult to say wherein they differ. It has not thus far been dis­
covered in the Permian strata of America, but it is understood to occur in 
strata of that period in Europe. The geographical range of D. bovidens is 
from Ohio to Nevada, and it has been discovered from base to top of the 
Coal-1\feasure series of strata. . 

Position and locality.-Strata of the Carboniferous period : near Santa 
Fe, N. Mex.; a few miles. south of Saint George, Utah; and at the top of 
Grass. Mountain, Ely range, thirty-five miles north of Pioche, Nevada. 

MOLJ~USUA VERA. 

CLASS CONCHIFERA. 
ORDER MONOMYARIA. 

FAMILY PEOTINID~. 

GENUS A VICULOPECTEN MeCoy, 1852. 

Aviculopecten occidentalis Shumard. 

Plate XII, fig. 8 a and b. 

Pecten occidentalis Shumard, 1855, Geol. Surv. Missouri, 207 (not Winchell, 1863). 
Pecten Oleavelandicus Swallow, 1858, Trans. St. Louis Acad. Sci., i, 184 . 
.Aviculopecten --~, Meek and Hayden, 1864, Palreont. Upper Missouri, 50 .. 
Pecten Missouriensis Geinitz, 1866, CarlJonformat. und D~·as in Nebraska, 35 (not 

Shumard, 1855). 

Aviculopecten occidentalis 1872, U. S. Geol. Surv. Nebraska, 19_1. 

Shell inequivah;e, both ears well defined; the· cardinal border at nearly 
right angles with the axis of the shell, and almost as long as its full antero­
posterior diameter; outline, exclusive of the ears, subovate. Left valve 
more convex _than the right; anterior ear about as long as the posterior, 
more convex, and a little more sharply defined from 'the body of the valve 
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than the other ear by the auricular furrow; obtuse at the extremity, inferior 

border concave; its surface marked by distinct radiating costre, ·which are 

a little coarser than those upon the body of the valve, at the same distance 

from the beak; ·posterior ear clearly defined from the body of the valve by 

a shallo,v auricular .furrovv, sharply angular at the outer extremity; outer 

margin concave ; surface marked by concentdc lines, all radiate markings 

being absent or obsolete. Surface of the body of the valve marked by 

depressed flatte:ned or very slightly convex, radiating costre,. which very 

gradually increase in size toward the fr~e n1argins, and increase in number 
by implantation at different distances from the beak, only about a dozen of 

them reaching it. The implanted costre, beginning as mere strire between 

the others, are of unequal size on all parts of the valve; costre crossed by 

numerous rather distinct concentric stl·ire. 

Right valve flat or very slightly· convex; beak flattened and not dis­
tinct at the cardinal border ; costre similar in character to ·those of the 

other valve, but they are not nearly so distinct; outline corresponding w·ith 
that of the left valve, except that the anterior ear is narrower and defined 

by a deeper and sharply angular sinus. 
Length from base to cardinal border, of an example somewhat above 

average size, forty-two millimeters; breadth, thirty-seven millimeters. 

This shell is one of the n;wst common Conchifers found in the Carbon­
iferous rocks of I\:entucky, Illinois, Missouri, Iowa, Nebraska, and I\:an­
sas. It is most abundant in the Upper Coal-Measures; but, according to 
Mr. Meek, it is found in the Lower Coal-Measures of Illinois, and also in 

the true Permian strata of Kansas. 
Position and locality.-Strata of the Carboniferous period; Camp Apache, · 

Arizona. 
Avic'ulopecten Coreyanus White. 

Plate XI, fig. 1 a and b. 

Aviculopecten Ooreyanus White, 1874, Expl. & Surv. west 100th Merid., Prelim. Uep. 
Invert. Foss., 21. 

SheH moderately large ; breadth not exceeding the height, and is usually 

a litt~e less ; margin of the basal half forming almost a true semicircle in 
some examples, but is less regular in others; posterior margin continued 
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thence in almost a direct line about half way to the cardinal margin; thence 
curving outward, it forms with the last-named margin a somewhat acute 

angle. 
I-Iinge-line a little longer than the full breadth of the body of the shell 

and fornring right angles with its vertical axis, extending farther backward 
than the posterior border below it does, but not reaching quite so far forward 
as the greatest convexity of the anterior border. 

Left valve moderately convex, the greatest convexity being in the 
u1nbonal region ; beak prominent and projecting a little beyond the cardinal 
border; posterior ear moderately large, acutely angular at the outer 
extremity, not distinctly defi:qed from the body o~ the valve by an auricular 
furrow; anterior ear defined by a moderately deep byssal sinus and a dis­
tinct auricular furrow, not so prominent as the other ear; its outer border 
rounding downward and inward from the cardinal border into the byssal 
sinus, where it is met by the incurving anterior border of the body of the 
valve. Surface marked by numerous fine, radiating costre of unequal size, 
·which are in turn marked by very fine, radiating sh-ire, all of which are 
crossed by fine concentric lines of growth and occasional coarser lines of 
increment; upon the posterior ear, the radiating costre are obsolete, but 
upon the anterior ear they are coarser than those of the body of the valve, 
and are also somewhat corrugated. Right valve unknown. 

So far as the rather numerous, but more or less broken, examples of 
this shell will permit determination, the height, breadth, and length of the 
hinge-line are all nearly equal, being about six centimeters for the largest 
example. 

,..rhis species son1ewhat resembles A. occidentalis Shumard, which is 
found in rocks of the same period, and perhaps associated with it ; but it 
differs from that species in its greater proportionate breadth, in being less 
contracted below the ears, its less distinctly-defined posterior ear, its finer 

and rather more unequal costre, and greater size. 
Position and locality.-Strata of the Carboniferous period; Bear Spring, 

near Camp Wingate, New Mexico. 
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Aviculopecten McCoyi l\ieek and Hayden. 

Plate XI, tig. 2 a. 

Aviculopecten McGoyi Meek aud Hayden, 1864, Palroont. Upper Missouri, 50. 

Left valve moderately co~ vex; height and breadth apparently about 
equal; posterior ear prominent, angular, its outer margin concave, and its 
surface marked by small, obscure, radiating costre and numerous distinct 
lines of growth ; anterior ear unknown. Surface of the body of the valve 
marked by six 6r eight strong elevated costre, which have sudden enlarge­
ments, at irregular intervals, that are covered by vaulted, scale-like projec­
tions, giving the costre a knotted appearance; the ·spaces between the large 
knotted costre marked by numerous fine, distinct, slightly flexuous, raised 
strire, which i?crease in number by implantation as the shell increases in 
size; the whole surface is also marked by fine concentric strire and occa­
sional coarser imbricating lines of growth. Full breadth of the shell about 
three centimeters. Right valve unknown. 

The collections contain only a single imperfect left valve, but its sur ... 
face-features are sufficiently characteristic to indicate its specific identity. 
In g~neral aspect of the surface, this shell resembles that of Pseudmnonotis 
or Eumicrotis rather more than an .Aviculopecten; but the length of the hinge­
line and the character. of the posterior ear leave no doubt of its proper 
reference to the last-named genus, and its su1face-markings and form, in 
addition, leave as little doubt as to its specific identity with .A. McCoyi 
Meek and Hayden. These gentle~en obtained their type-specimens, from 
strata regarded by them as Permian, at South Cottonwood Creek, Kansas; 
while ours is evidently from a lower horizon. 

Position and locality.-Strata of the Carboniferous period; near Bear 
Spring, Camp Wingate, New Mexico. 

Aviculopecten? interlineatus 1\ieek and Worthen. 

Plate XI, fig. 3 a. 

A'viculopecten interlineatus 1\ieek aud Worthen, lSGO, Proc. A cad. Nat. Sci. Pl.Jila., 454. 
A.viculopccten interlineatus Meek and 'Vorthen, 186G, Geol. Snrv. Illinois, ii, 329. 

< ' Shell rather sn1all, broadly subovate in outline exclusive of the ears; 
breadth nearly equal to the height, slightly oblique, or the axJS almost at 
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right angles with the cardinal border; hinge about equal inleugth to the full 

breadth of the shell; .ears prominent, posterior one most so;. anterior, basal, 
and posterior margins regularly and continuously rounded; beak depressed; 
umbonal slopes moderately distinct. Left valve slightly convex or nearly 
straight; posterior ear about the same size as the other, forming a· nearly 

sharp angle with the cardinal extremity, its outer border being nearly 
straight; anterior ear triangular, well defined, its outer border slightly con­
vex or nearly straight, and its extremity blunt. Srnface marked by ten or 
twelve sharply-raised, slender, concentric ridges, each of nearly uniform 
width throughout, but e~ch successively a trifle larger than the preceding 
one, separated, along the axis of the valve, by interspaces each four or five 
tim.es as wide as the adjacent ridges, but the interspaces diminish in width 
toward the umbonal slopes, upon which the ridges are very near together; 
the latter then diverge in crossing the ears, and all end abruptly upon the cardi­

nal border ; surface between the ridges marked by numerous fine, uniform, 
concentric striro, and also by very faint indications of radiating costre. 

Breadth, sixteen millimeters ; height, from base to cardinal border, 
seventeen millimeters. 

This interesting shell is rare; only the left valve having been dis­

covered. The· only other localitr at ·which it has been found, so far as I 
am aware, is La Salle, Illinois, where the type-specimens of the species 
were obtained, and ·where it occupies a geological position similar to that 
from which our specimen was obtained: 

It is so· unlike any other known species of Aviculopecten that no corn­
parison is necessary. Only the exterior of the left valve of this species is 
yet known, and Meek and vV orthen have suggested that the undiscovered 
parts will, if dicovered, be found to possess generic characters correlated 
with its peculiar surface-features that will separate the shell generically 
from Avimtlopecten. 

Position and locality.-Strata of the Carboniferous period ; confluence of 
" ... hite Mountain and Black Rivers, Arizona. 
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FAMILY PINNIDlE. 

GENUS PINNA. Liumeus, 1758. 

Pinna peracuta Shumard(¥). 

Plate XI, fig. 5 a. 

From the Mesa edge, near'Relief Spring, Arizona, a single specimen of 
Pinna was obtained, 'vhich is too im.perfect for full specific determination. 
It has the aspect and general features of a young exan1ple of P. perac,uta 
Shumard, to which species it probably belongs. Certain traces of lines of 
gro·wth, however, indicate that our specimen 'vas much n1ore slender than 
the typical forms of that species, and also that the border below .the 
middle sloped much farther forward than it is known to do in P. peracuta. 
The species associated with it are the associates of P. peracuta elsewhere, 
which adds force to the supposition that our specimen belongs to that species. 

Examples of P. peracuta are not uncommon in the Carboniferous strata 

of the States bordering the Mississippi; but, although the collections con­
tain a greater number of species from the strata of the Carboniferous period 
than any other, this IS tlie only example of Pinna found ainong all the 
Paleozoic fossils. 

FAMILY PTERIIDlE. 

GENUS MONOPTERIA Meek and Worthen, ~866. 

Monopteria Marian Wllite. 

Plate XI, fig. 4 a, b, and c. . 

Monopteria Marian White, 1874, Expl. Surv. west lOOth Merid., Prelim. Rep. Invert. 
Foss., 22. · 

Shell of moderate size, slender, nearly or quite equivalve, narrow and 
much extended posteriorly, the curvature being much the greater in the 
anterior ha.lf of the shell, the posterior half being· nearly straight; body of 
the shell gradually tapering to near the posterior end, ·which is abruptly 
rounde~ ; a more or less prominent ridge which is sometimes in ·part 
raised as a distinct carina, extends along the middle of the body of each 
valve fron1 the beak to the posterior" end; from this carina, or angle, the sides 
slope abruptly to both the inferior and upper borders, so that a cross-section 
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of the shell behind the ear would have a rhomboidal outline; beaks· mod­
erately prominent, separate; hinge equal in length to about one-half the 
full length of the shell, and its direction is nearly parallel with the posterior 
half of the body; posterior wing well developed, not sharply defined from 
the body by an auricular furrow; its cardinal portion narrow and moderately 
extended; anterior ear obsolete; lunule moderately large and deep, the 
borders of which are slightly prominent laterally, but its margins sharply 

rounded inward. 
Surface smooth in aspect, but it is marked by very numerous fine lines 

of growth. 
Length, from front to posterior extren1ity, about four centimeters ; 

height, from base to hinge-margin, eighteen millimeters; average width of 
the body of the shell, about one centimeter. 

This shell somewhat resembles M. longispina (= Gervillia longispina Cox) 
from the Coal-Measure rocks of Kentucky; but it differs conspicuously from 
that species in its more slender and less deeply-curved body, and in having 
a shorter ear-spine than that species is represented to have by Professor 
Cox's figure. 

Position and locality.-Strata of the Carboniferous period; Camp Apache, 
Maricopa County, Arizona. 

GENUS MYALINA de Koninck, 1844. 

Myalina -- (?). 

Associated with the foregoing at Camp Apache, some imperfect speci­

~ens of Myalina were obtained, which appear to belong toM. recurvirostris 
Meek and Worthen. 

Myalina? Swallovi McChesney. 

Plato XI, fig. 8 a. 

Associated with the two foregoing species at Camp Apache, Arizona, a 
few examples of Myalina? Swallovi were obtained, the best one of which is 
represented by fig. 8 a, Plate XI. 
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GENUS BAKEVELLIA KiHg, 1848. 

Bakevellia parva Meek and Hayden. 

Plate XI, fig. 7 a and b. 

Bakevellia parva Meek and Hayden, 1858, Trans. Albany Institute, iv. 
Bakevellia parva Meek and Hayden, 1864, Palreont. Upper Missouri, 57. 
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Shell very small, obliquely subovate in outline; valves gibbous, espeCI­
ally the anterior half of each; cardinal margin straight, its length not quite 
equal to the full length of the shell, forming an angle with its axis of about 
30°; postero-dorsal region compressed, subalate; antero-dorsal region bluntly 
prominent; ventral margin broadly .rounded downward and.~backward; 
posterior margin abruptly rounded below, and straight or slightly concave 
above, inclining a little forward, and forming an obtuse angle with the 
cardinal margin. 

Surface marked by fine concentric strire. 
Length of the largest specimen, six millimeters ; height, about four 

millimeters. 
The collections contain examples from two widely-separated localities. 

Those from New Mexico are from true Carboniferous strata, and differ 
slightly from the types and description of Meek and Hayden. Those from 
Arizona are from strata probably of the Permian period. A figure of each 
is given on Plate XI, ~hich exhibit considerable difference in outline. This 
may perhaps be due to specific difference ; but it is thought it is not 
necessarily so, as other examples seem to show intermediate forms. The 
type-specimens of Meek and Hayden were- obtained from strata, regarded 
by them as Permian, near the mouth of the Smoky Hill Fork of l(ansas 
River, Kansas. 

Position and locality.-Strata at the summit of the Carboniferous series ; 
Bear Spring, Camp Wingate, New Mexico; and also near Jacob's Pool, 
Arizona. 
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ORDER DYMYARIA. 
FAMILY TRIGONID~. 

GENUS SCHIZQDUS King, 1844. 

Schizodus Wheeleri Swallow. 

Plate XI, fig. 6 a an<l b. 

Oypricardia? Wlteeleri Swallow, 1R62, Trans. St. Louis A cad. Sci., ii, 96. 
Scltizodus obscurus Geinitz, 1866, Uarbonformat. und Dyas inN ebraska, 20 (not Sowerby, 

1821). 
Schizodu.s Wheeleri Meek, 1872, U. S. Geol. Surv. Nebraska, 209. 

Shell of moderate size, irregularly subtrihedral or subovate in outline; 
posterior portion laterally compressed ; anterior portion inflated; umbones 
elevated; beaks incurved, placed about one-quarter of the length of the 
shell from th~ anterior extremity ; margins of the front and of the anterior 

part of the base forming a continuous and regular curve ; basal.margin slop­
ing upward; and meeting the downward and backward slope of the posterior 
margin at a prominent angle, which is abruptly rounded; dorsal margin 
straight, sloping a little downward from the beaks to the obliquely-trun­
cated posterior margin ; posterior umbonal slope prominent, sometimes 
forming a rather d~stinct ridge, which ends at the prominent angle of the 
posterior margin and considerably increases its projection. Surface appar­
ently unmarked except by concentric lines of growth. 

Length, from front to posterior angle, thirty-one millin1eters; height, 
from base to top of umbo, twenty-one millimeters. 

Our examples are all natural casts, the shell-substance having 'in all 
cases been removed; but the characteristics of the species are so distinctive 

that it is recognized ·with little or no difficulty in that condition. It is a 
common species in the Upper Coal-Measures of 1\1issouri, Illinois, Iowa, and 
Nebraska; Professor Swallow's type-specimens of the species having been 
obtained in the first-named State. 

Position and locality.-Strata of the Carboniferous period ; near Bear , 
Spring, Camp Wingate, New Mexico. 
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GENUS ALLORISMA King, 1850. 

Alloris~a subcuneata {Var.) Meek and Hayden. 

Plate XII, fig. 7 a and b. 

Allorisma subcuneata l\feek and Hayden, l858, Proc. Acad. Nat. ·Sci. Phila., 263. · 
... 4.llorisma s~r.bcuneata Meek and Hayden, 1864, Paleont. of the Upper Missouri, 37. 

Shell of moderate size; outline clavate-cuneate as seen by either dor­
sal or ventral view, oblong-suboval as seen by side-view; posterior por­
tion laterally compressed; anterior portion moderately gibbous; beaks 
depressed and placed about one-eighth of the length of the shell from the 
anterior extremity; posterior end abruptly rounded; anterior end narrowly 
rounded, somewhat prominent below and obliquely sloping above; basal 
·margin straightened along the middle, but gently rounding before and 
behind to meet the anterior and posterior borders respectively ; dorsal mar­
gin straight. Surface marked by distinct concentric undulations. 

Length, about six CeJ?.timeters ; height, from base to cardinal border, 
twenty-eight millimeters. 

Our specimens are in moderately good condition, but not entirely per­
fect, and, so far as they exhibit essential specific characters, they agree with 
those of .A. subcuneata. They are, however, considerably smaller and rather 
less gibbous anteriorly than the type-specimens of Meek and Hayden are, 
and may possibly belong to a different species, yet I do not at present feel 
warranted in separating them from that species except as a variety. Typ­
ical examples of the species are somewhat common in the Upper Coal­
Measure.limestones of Missouri, Iowa, and Nebraska. 

Position and locality.-Strata of the Carboniferous period ; near Agua 
Azul, New Mexico. 
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CLASS G AS'fEROPODA. 
SuncLASs PROSOPOCEPHALA. 

ORDER SOL}~NOCONCIIA. 

F Al\IILY DENTALIIDATI. 

GENUS DENTALIUM Linn::eus, 1740. 

Dentalium canna White. 

Plate XII, fig. 6 a and b. 

Dentali~tm canna White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 23. 

Shell large, straight, or very slightly curved ; transverse section' circu­
lar or nearly so; test thin; surface marked by numerous, somewhat distinct, 
encircling lines of growth, crossed by fine, obscure, longitudinal strire, the 
latter seen only upon well-preserved examples. Our specimens indicate 
that some individuals of the species reached a length of ten or twelve cen­
timeters. The largest fragment measures a little more than nine millimeters 
in dia~Il;eter at the base, and, at a distance of five and a half centimeters 
toward the apex, the diameter is six millimeters. 

This species is distinguished for its large size in connection with the 
presence of encircling and longitudinal strire. It resembles D. priscum 

Muenster from the . Carboniferous rocks of Belgium, as described and fig­
ured by de Koninck in Animaux fossiles du terraine de la Belgique, but 
its apical angle is smaller, and the aperture is little if any oblique, while in 
that species the obliquity of the aperture is a distinguishing character. 

Position and locality.-Strata of the Carboniferous period: near Salt 

Lake, New Mexico; and near Relief Spring, Arizona. 
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SuBCLAss DICECA. 

OunER RHIP.IIIDOGLOSSA. 
SUBORDER DIORANOBRANOHIA. 

FAMILY BELLEROPHONTIDlE. 

GENUS BELLEROPHON Montfort, 1808. 

Bellerophon crass us Meek and Worthen. 

Plate_ XII, fig. 1 a. 

Belleroplwn crassus Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Pbila., 458. 
Bellerophon crassus Meek and Worthen, 1866, Ge_ol. Surv. Illinois, ii, 3S5. 

lf>7 

Shell large, massive, subglobose; volutions gradually expanding lat­
erally, broadly rounded upon the back, more abruptly rounded at the sides 
and into the umbilici, which are rather small; outline of aperture reniform, 
its transverse diameter greatest; postero-lateral portions of the lip thickened 
an~ spread outward and backward over the inner volutions and also partly 
over the umbilici; antero-lateral portions of the lip thinner, their margins 
slightly convex on each side of the mesial notch; mesial band narrow, 
more or less distinct ; mesial notch not deep. 

Surface marked by distinct lines, of growth, a part of which assume 
the character of somewhat irregular transverse wrinkles. 

The collections contain only a single specimen of this well-marked 
species, which, although it measures thirty-eight millimeters across the 
aperture, is one-quarter smaller than one of the type-specimens used by 
Meek and Worthen in their description of the species. 

The types were obtained from the Lower C~:>al-Measures of Illinois, 
and the species is also known to occur in the Upper Coal-Measures of Io·wa 
and Missouri. So far as I am aware, it has not been found in the Lower 
Coal-1\Ieasures of the two last-named States. 

Position and locality.-Strata of the Carboniferous period; Camp Cot­
tonwood, near Spring Mountain, Nevada. 
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SUBORDER PODOPHTHALMA. 

FAMILY EUOMPHALIDlE. 

GENUS EUOMPHALUS Sowerby, 1815. 

Euomphalus pernodosus Meek and Worthen. 

Plate XII, fig. 2 a and b. 

Straparollus (Euomphalus) pernodosus Meek and Worthen, 1870, Proc. Acad. Nat. Sei. 
Phil a., 45. 

Straparollus (Euomphalus) pernodosus Meek and Worthen, 1873, Geol. ~urv. Illinois, 
v, 604. 

Shell ratl~er above mediun1 size \vhen full grown, nearly discoidal, the 
spire being only very slightly el~vated, and the inner portion of it being 
quite flat,. or even slightly depressed; test thick; volutions five or six, the 
upper side flattened and sloping gently inward t? the distinct suture, outer 
side flattened convex, under side rounding and sloping into the umbilicus; 
the angle formed by the upper and outer sides constituting a distinct carina, 
which is rugose or corrugated upon the outer volution; upon the under 
side of the volutions there is a row of moderately large, rounded nodes, 
separated by spaces of about their own width, those of the last half of 
the outer volution, and apparently those also of the two or three inner 
volutions, being obsolete ; umbilicus moderately broad and deep, showing 
all the inner volutions. 

Surfac.e marked by strire, distinct lines, and even ridges, of growth. 
None of the specimens in the collections are quite perfect, bu~ their identity 
with E. pernodosus is unmistakable. The largest example n1easures about 
four and a half centimeters in diameter of coil. The types of the species 
rneasured one centimeter more. This well-marked species is comparatively 
rare, and, so far as I know, it has been found only at the locality which 
furnished the type-specimens and that from which tho_se in the collections 
w·ere obtained. The former were from the Lower Coal-Measures of Illinois. 

It is quite distinct from every other species known to me, and may be 

easi~y recognized by its carina upon the outer side of the volutions above 
and its strong nodes below. 

Position and locality.-Strata of the Carboniferous period; at the Mesa, 
Carrizo River, Arizona. 
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ORDER PEC1'INIBRANCHIA'rA. 
SUBORDER TlENIOGLOSSA. 

FAMIIJY NATIOIDlE. 

GENUS NATICOPSIS McCoy, 1844. 

N aticopsis nan a Meek and vV orthen. 

Plate XII, fig. 4 a and b. 

Naticopsis nana ME}ek and Worthen, 1866, Geol. Surv. Illinois, ii, 365. 

Shell sn1all, subglobose, wider than high; spire much depressed; volu-
. tions about three, increasing very rapidly in size, last one large and ven­

tricose; suture well defined; aperture large, broad-subovate, somewhat 

straightened at the inner. side, its diameter nearly equal to seven-eighths of 
the entire axial length of the shell ; outer lip thin ; inner lip no~ much 
thickened; columella slightly flattened. Surface marked by fine lines of 
growth, which are a little stronger and more unifor1n on the upper side of 
the whorls, near the suture, than else~here. 

Length, four millimeters; breadth, five millimeters. 
Our examples of this little shell agree so exactly with the description 

and figures given by Meek and Worthen (loc. cit.) that I have given the 
foregoing description almost in the words of those authors .. 

Position and locality.-Strata of the Carboniferous period; Camp Cotton­
wood, near Spring Mountain, Lincoln County, Nevada, where it was found 
associated with Macrocheilus anguliferus White. 

FAMILY OAPULIDlE. 

GENUS PLATYCERAS Conrad, 1840. 

Platyceras Nebrascense Meek. 

Plate XII, fig. 5 a, b, c, antl cl. 

Platyceras Nebr[l;scensis l\feek, 1872, U. S. Geol. Surv. Nebraskn, 227. 

Shell small, elongate-conical, strongly curved or subspiral ; apex free,_ 
bluntly pointed, n1ore or ·Jess curved toward the body, and turned to the 
dextral side of the shell; aperture irregularly oval; lip thin, broadly sinuous 
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behind to the left of the apex, remainder of the border, having several 
other more or less indistinct sinuosities, with all of which the lines of growth 
upon the surface of the shell correspond. 

All the specimens in the collections, and also those in my private 
collection, obtained from the same Upper Ooal-Mea;sure strata in Nebraska 
that supplied Mr. Meek with the types of the species, have the apex a little 
more curved than his type-specimen had, as may be seen by comparing the 
figures on Plate XII with his illustrations (Zoe. cit.). In other respects, our 
examples correspond with his figures and description, and I have little or 

no doubt o{their specific identity with P. Nebrascensis. 
Length, nineteen millimeters ; breadth, nine millimeters. 
Position and locality.-Strata of the Carboniferous period ; near Santa 

Fe, New Mexico. 

FAMILY MACROCHEILIDlE. 

GENUS 1\-IACROCHEILUS Phillips, 1841. 

Macrocheilus anguliferus White. 

Plate XII, fig. 3 a, b, c, d, e, and f. 

Macrocheilus anguliferus White, 1874, Expl. & Surv. west 100th Meriel., Prelim. Rep. 
Invert. Foss., 22. 

Shell of mediun1 size, hTegularly rhombic in outline by side-view; 
spire about equal in length to two-fifths the full axial length of the shell, 
acutely pointed ; volutions six or seven, increasing somewhat rapidly in 
size ; outer side of the volutions n1ore or less convex, but the portion toward 
the apex is usually a little flattened; posterior side narrow, usually squarely 
truncated, so as to form a distinct angle with the outer side. This angle is 
usually more or less prominent, but in some cases it is nearly-obsolete, in 
which latter case the slight flattening of the posterior side merely produces 
the appearance of a deeply-impressed suture; in the former case, there -is a 
distinct, gradually-diminishing spiral shelf extending from the hinder part 
of the aperture to the apex; aperture irregularly ovate, more or less truncated 
behind by the shelf referred ~o, effuse below; outer lip sharp ; columella a 
little tortuous or nearly on a line with the axis of the shell. Surface appar­
ently unmarked, except by the usual lines of growth. 
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Length of the largest specimen in the collection, thirty-six millimeters; 
width of the body-volution, twenty-three millimeters. 

This shell varies considerably, especially in the distinctness of the angle 

and the convexity of. the volutions; but it differs conspicuously from aU 
other known species of Macrocheilus in the possession of such an angle at the 
posterior part of the whorls as has been described, or, in the absence of it, 
the somewhat deeply-impressed suture. 

Position and locality.-Strata of the Carboniferous period; Camp Cotton­
wood, near Spring Mountain, Nevada. 

CL.Ass CEPHALOPODA. 
ORDER 1'E'fRABRANCHIA'TA. 

FAMILY GONIATITID1E. 

GENUS GONIATITES de Haan, 1825. 

From Carboniferous strata upon the east side of Mount Nebo, Utah, 
a single, very impmfect specimen of Goniatites was obtained. It is too 
imperfect for specific characterization; but yet its form and traces of the 
septa seem to indicate a difference from any known species. The shell is 
discoid; sides of the volutions slightly convex, the last one measuring at the 
aperture half as much as the full diameter across the whorls. 

:FAMILY NAUTILID1E. 

GENUS NAUT!I.JUS Breynius, 1732. 

From strata of the c_arboniferous period at the Mesa near Can·i~o 
River, Arizona, some fragments of two species of Nautilus were obtained. 
One is probably identical with N. 'latus Meek and Worthen; the type­
specitnens of 'vhich were obtained from the Coal-Measures of Illinois. · The 
other is either identical with, or closely allied to, N. Springeri White and 
S~. John~ the type of which species was obtained fi·om the Upper Coal­
Measures of Iowa. 

11 F 
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CHAPTER VIlle 

MESOZOIC AGE. 

JURASSIC PERIOD. 

RADIATA. 
CLASS ECHINODERMATA. 

ORDER CRINOIDEA. 

FAMILY PENTACRINIDlE. 

GENUS PENTACRINUS Miller, 1821. 

Pentacrinus asteriscus Meek and Hayden. 

Plate XIII, fig. 6 a and b. 

Pentacrinus asteriscus Meek and Hayden 1864, Paleont. Upper Missouri, 67. 

T~1is species was described by Meek and Hayden from fragments of 
the column and branches alone, which were collected from Jurassic strata 
at the southwest base of the Black Hills, North Platte River. They char­
acterize the joints of the column thus:-" Rather small, thin, very symmetri­
cal, pentagonal, star-shaped bodies, the rays of which are usually a little 
longer than wide, and somewhat acutely angular at their_ extremities. 
Through the center of each of these joints, there is a minute circular per­
foration, from which five lance-oval petaloid areas radiate, one to the 
extremity of each of the angles ; the areas being ·bounded on each side by 
rather narrow, slightly-elevated, crenulate margins. This description 
applies more particularly to the largest-sized specimens, ·measuring about 
0.18 inch from point to point of the opposite angles. Associated with these, 
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there are smaller joints, varying from O.Ol) to 0.10 inch in diameter, having 
proportionally shorter and broader rays, which aJ~e usually less angular at 
the points than the broader ones are." · 

All the specimens of this species contained in the collections consist of 
portions of the column, and, up to the present time, nothing more has been 
learned concerning the characteristics of the species: Generally, these ~or­
tions of the Crinoidea are of very little value in specific discriminations ; 
but the characters of those parts of this species are so constant, even in 
examples collected at widely-separated localities, that it has been relied 
upon 'vith considerable confidence in the identification of Jurassic strata. 
This is the only species of the genus Pentacrinus yet recognized_ in the 
Jurassic rocks of America, but it is not improbable that others· may here­
after be discovered in them. The largest examples in the collections have 
a diameter one-third greater than that of the largest of those mentioned by 
}leek and Hayden, and they also present some slight variations fron1 the 
latter. The principal difference is the alternation, at irregular intervals, of 
joints that are almost pentahedral with those that are deeply pentalobate. 

'rhis character is shown in one of the figures on Plate XIII, but it is proba­
bly not a specific one. 

Position and locality.-Strata of the Jurassic period : Salt Creek} near 
Nephi ; and Diamond Valley, near Saint George, Utah. It has quite an 
extended geogr~phical range, having been also discovered in Idaho. 

MOLLUSCA. 
CLAss CONCHIFERA. 

ORDER MON()MYARIA., 

FAMILY OSTREIDlE. 

GENUS OSTHEA Linn::eus, 1758 . 
. 

Ostrea strigilecula \Vhite. 

Plato XIII, fig. 3 a, b, c, and d. 

Shell small,. irregularly suboval_ in outline; axis much curved, n1aking 
the ventral border broadly arcuate and the dorsal border n1ore or le~s 
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irregtilarly concave; posterior margin rounded; hinge-line of moderate 
length. Right valve nearly flat or only very slightly convex; beak short; 
area narrow; ligamenta! groove small, shallow ; muscular scar compara­
tively large, subcircular, situated nearly midlength of the valve, and nearer 
to the dorsal than to the ventral margin ; internal face of the margins appar­
ently not crenulated ih any part. Left valve n1ore capacious than the 
right; area small; ligamenta! groove small; an incipient alate expansion of 
the postero-dorsal portion is observable upon this valve, but not upon the 
other. Surface marked by the ordinary lines of growth, and also by a few 
very faint indications of radiating plications. 

Length, twenty millimeters ; breadth, fourteen millimeters. 
The collections contain a few examples, of both right and l~ft valves, 

in a good state of preservation, and they seem to represent a tolerably well­
defined species of true Ostrea. The. moderately large scar of attachment 
upon the beak of the left valve of our shell has somewhat distorted it; but 
there is no appearance of a curvature of the beak, such as is characteristic 
of the genus Gryphea. 

The presence also of incipient plications upon the left valve, and of a 

ligamenta! groove, like that of Ostrea, upon its area, is also against the sup­
position that the shell belongs to the genus Gryphea rather than to Ostrea. 

This species differs from the young of 0. Engelmanni 1\'Ieek and I-Iay­
den in being proportionally much longer and otherwise of different outline; 
the young of that species being broader than long, while ours is longer 
than broad, and has also the aspect of maturity. 

Position and locality.-Strata of the Jurassic period ; two miles south 
of Dirty Devillliver, Utah. 

F .AlVULY PEOTINIDlE. 

GENUS OA.MPTONEOTES l\Ieek (Agassiz), 1864. 

Camptonectes stygius Wllite. 
Plate XIII, fig. 2 a, b, and c. 

Oamplonectes stygius Wllite, 1874, Expl. & Surv. west lOOth l\Ierid., Prelim. Rep. Invert. 
Foss., 23. 

Shell of moderate size, thin, lenticular; length of the hinge~ line a little 
more than half tho height of the shell fron1 basal nutrgin to beak ; hinge-
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· line very slightly oblique with the axis of the shell, the latter inclining 
backward; but yet n1ore than half the bulk of the shell is in front of it; 
the margin of the lower two-thirds of the shell is regularly rounded, the 
basal portion having rather a shorter curve than either the anterior or 
posterior portions. 

Right valve apparently smooth, depressed-convex; posterior ear rather 
small, plain, its outer border forming a somewhat obtuse angle with the 
cardinal border"; anterior ear n1oderately large, prominent, proportionally 
narrow; byssal notch deep, narrow, the upper and lower sides approaching 
each other at an acute angle; anterior border extending farther forward 
than the extren1ity of the anterior ear does; the border at the front is 
abruptly rounded and then continued backward and upward in an almost 
direct line to the bottom of the byssal notch. Surface apparently marked 
only by concentric strire of growth, but, in a favorable light, indications of 
radiating strire may be observed upon the best-preserved examples. 

Height from base to beak, forty-one millimeters; breadth, forty milli­
meters; length of hinge, twenty-three millimeters. 

This shell resembles C. bellistriatus Meek and Hayden from Jurassic 
strata of Dakota; but it differs in ·the outlines of the borders, the shape of 
the ears and of the byssal notch, and also in the surface-markings. 

Position and locality.-Strata of the Jurassic period ; east of Aquarius . 
Plateau, fifteen to t\venty miles south of Dirty Devil River, and also at the 
North Fork of Virgin River, Utah. 

Ca:mptonectes bellistriatus Meek and Hayden. 

Among the collections made at a locality of Jurassic strata, five miles 
east of Gunnison, Utah, some imperfect examples of Camptonectes \vere col­
lected. They have the outlines and other characteristics, so far as they can 

be observed, of C. bellistriatus Meek and Hayden, and probably belong to 
that species. 
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FAMILY PTEREIDlE. 

GENUS INOCERAMUS Sowerby, 1814. 

Inoceramus crassalatus White. 

Plate XIII, fig. 4 a, b, and c. 

Shell rather small, thin; valves subequal, moderately convex, subo­
vate or obscurely tetrahedral in marginal outline; hinge-line rather short, 
forming an angle with the axis of the shell of about seventy degrees; 
beaks sn1all, not very prominent. Left valve more capacious than the right, 
having an indistinct auricular furrow extending from just behind the beak 
to the postero-basal border, obscurely defining a thick posterior wing; but 
the right valve has little or no trace of a similar furrow. 

Surface of both valves marked by the usual lines of growth, and also 
by more or less numerous, slightly-raised, concentric folds. 

Greatest length of an average example i~· the collection, about thirty 
millimeters; thickness, both valves together, about fifteen millimeters. 

Position and locality.-Strata of the Jurassic period ; North Fork of 
Virgin River, Utah. 

()RDER DIMYAI~IA. 

FAl\IILY TRIGONIIDlE. 

GENUS lVIYOPHORIA Bronn, 1830. 

Myophoria ambilineata White. 

Plato XIII, fig. 5 a and b. 

Shell subcircular or obscurely four-sided in outline, being very slightly 
longer than high, moderately gibbous; base broadly rounded; front regu­
larly, but more shortly, rounded than the base; hinge-line of moderate 
length, straight or nearly so; posterior border, from the extremity of the 
hinge-line to the infero-posterior anglo, nearly straight or slightly convex; 
infero-posterior angle sharply rounded; umbonal ridge passing to it fron1 
the beak with a slight curve, the convexity of which is to,vard the front; 
that ridge sometimes forming a slightly-raised but distinct carina. 

Surface, both in front of, and bHhind, the umbonal ridge marked by 
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numerous, distinct, slightl{:-raised, conc~ntric lines or narrow folds, which 
meet at nearly right angles at t~e umbonal ridge. 

Height, about eight millimeters; length, eight and a half millimeters. 
Position and locality.-Strata probably of the Jurassic period; Camp 

Cottonwood, old Mormon road, Nevada. 

GENUS TRIGONIA Bruguiere, 1789. 

Trigonia -- (~) .. 

· Associated with Ca·mptonectes bellistriatus Meek and Hayden· at a locality 
five miles east of Gunnison, Utah, some imperfect examples of a species of 
Trigonia of· Jurassic type were found.· They are too in1perfect for specific 
recognition, but are noticed here in consequence of the value of the type in 
stratigraphic geology. 

CLAss GASTEROPODA. 
SuBcLAss DICECA. · ·' 

Ol{DER RHIPHID()GLOSSA. 
SUBORDER PODOPHTH.ALMA. 

FAMILY NERITIDlE. 

GENUS NERITINA Lamarck, 1809. 

N eritina? phaseolaris White. 

Plate XIII, fig. 1 a, b, c, d, and e. 

Neritina phaseolaris White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 24. 

Shell small, obliquely suboval; volutions apparently from two and a 
half to three, the last one composing all but a very small part of that portion 
of the shell which is exposed to view; aperture obliquely ovate; character 
of the inner lip not clearly made out, but the shell has the external aspect 
of Neritina; a sn1all elevated fold is usually seen at the suture upon the 
outer volution appressed against the next volution within. In some examples, 
the convexity of the outer volution, from the base of the small.elevated fold 
above to the margin of the aperture below, is quite regular; but, in other 
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examples, this volntion has a revolving rounded prominence, situated a little 
nearer the suture than the base, which causes a more or less conspicuous 
flattening of 1he outer side of the volution, as well as a slighter flattening 
of the space between that prominence and the suture. All the examples of 
this species in the· collection having been preserved in a hard arenaceous 
lhnestone, all the characters of the inner lip could not be ascertained. 

Surface 1narked by moderately distinct lines of growth, and son1etimes 
faint indications of revolving strire are also seen. 

Greatest diameter of the largest example in the collection, thirteen 
millimeters ; ~;horter diameter, ten millimeters ; greatest height, lying with 
its aperture d·)wnward upon the table, eight millimeters. 

While preparing the preliminary report (loc. cit.), ·I thought I had 
ascertained to a good degree the character of the inner lip, but subsequent 
examination Etillleaves the true character of it in doubt. 

Position (lnd locality.-Strata of the Jurassic period ; Salt Creek, near 
Nephi, Utah, where it is associated with Pentacrinus asteriscus Meek and 
Hayden. 
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CHAPTER IX. 

ORETAUEOUS PERIOD. 

MOLLUSCA. 
MOLLUSCOID EA. 

CL.Ass BRACHIOPODA. 
ORDER LYOPOMATA. 

FAMIIJY LINGULIDJE. 

GENUS LINGULA Bruguiere, 1792. 

Lingula subspatula Hall and Meek. 

Plate XV, fig. 4 a. 

Lingula subspatula Hall and Meek, 1850, Meni. Amer. Acad. Arts & Sci., new set·ies, v, 
380. 

Shell of ordinary size, somewhat oblong or semi-elliptical; postero­
lateral margins gently convex to the posterior margin ; lateral and antero­

lateral margins nearly straight or only slightly curved, so that the shell is 
nan·o·wed a little toward the front; front margin subtruncate. Surlace 
marked by fine concentric strire and occasional gentle undulations. 

Position and locality.-The type-specimens of the species were obtained 
by Hall and Meek from Cretaceous strata at "Red Cedar Island, thirty­
five n1iles below Fort Pierre." Those contained in the collections from which 
the foregoing description was drawn were obtained from strata of the same 
period, ten n1iles sontheast of old Fort Wingate, New Mexico. 
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MOLLUSCA VERA. 

CLASS CONCHIFERA. 
OnnER MON()MYAI~IA. 

FAMILY OSTREID~. 

GENUS OSTREA Linmeus, 1858. 

Ostrea cortex Conrad. 

Plato XV, fig. 2 a, b, a.ncl c. 

Ol~trea cortex Conrad, 1857, U. S. & Mex. Bound. Surv., i, 157. 

Shell elongate, moderately capacious ; test of n1ature examples thick·; 

inferior valve much more capacious than the other, narrowing toward the 

apex, ·which is pointed and rather small; ligamenta! furrow long, mod­

erately broad and deep, somewhat curved, its raised borders broadly 

rounded; upper valve corresponding with the lower, except that it is usually 

near~y flat transversely. 
Surface 1)f both valves marked by numerous strong, prominent, imbri­

cating concentric laminre, which are sometimes laciniate, giving the shell a 

very rough a_ppearance. 
Length of the largest example in the collection, about one decimeter ; 

breadth, nearly five centimeters. 

Conrad's type-specimens of this species were obtained at "Dry Creek, 
Mexico," front strata the age of which was then unknown to him, because 

the collectors brought no associated species. Our collectio~s, however, con­
tain associat€:d species that indicate unmistakably their Cretaceous age. 
Our examples show that the species is a very variable one ; but they all 
present a cer1 ain facies that is quite characteristic, and w~ich is expressed 

in the figures, both of Conrad's and this report. It is an interesting fact 
that the test in nearly all the examples of this species has been made com­
pletely porous by a species of Cliona or other bu1;rolving sponge, ·while 
those of the 1ollowing species are almost entirely unaffected by it. Possibly, 
however, the case of the last-named species is only a loc~1-exception. 

Position t'tnd locality.-Strata of Cretaceous age; Colob Plateau, south­
west of J(anaL·a, and also at the North Fork of Virgin River, Utah. 
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Ostrea prudentia Wllite. 

Plate XIV, fig. 2 a, b, c, and d. 

Shell neat and ·symmetrical for a species of this genus, suboval or sub­
~ . .>ircular in outline when adult, subcircular when young, moderately capa­
cious; beaks small, usually distinct, and approaching so near to each other 

when the valves are together as to leave only a narrow space between the 
areas. Lower valve mode:rately deep ; area short and. broad; ligamenta! 
groove short, broad, ~nd distinct, bounded at each side by a rounded ridge ; 
beak extending very slightly beyond that of the other valve; scar of attach­
ment sometimes occupying one-quarter of the outer surface, sometimes 
extremely small, and so1netimes apparently absent. Upper valve usually 
flat or a little concave transversely, but a little convex longitudinally in adult 
·shells; ~rea a very little shorter than that of 'the other valve, moderately 
convex 01"' nearly flat. 

Surface of both valves marked by distinct lines and laminre of growth, 
but this species is rather less laminated and roughened than is usual in the 
genus Ostrea. Somewhat ntunerous, corrugated, but rather indist~nct radiat­

i_ng ~ostre are usually to be seen on the ventral valve of young examples, 
yet these corrugations seldom or never extend to the front half of old shells. 

Length, six centi1neters; breadth, five centimeters. 
This species is somewhat remarkable for its neatness of form and free­

dom from the crude extravagancies which species of this genus often exhibit. 
Position and locality.-Strata of the Cretaceous period; east of Imprac­

ticable Ridge, Utah. 
GEN~JS G UYPII EA. Lamarck, 1801. 

Gryphea Pitcheri var. Morton. 

Plate XVII, fig. 1 a, b, c, d, e, andf. 

Gryphea PUclwri Morton, 1834, Synop. Org. Remains, Cret. Group, 55. 
Gryphea .PUcheri Roomer, 1852, Kreidebildung von Texas, 73. 
G-ryphea Pitcheri Oonrad, 1857, U.S. & Mex. Bound. Burv., i, 155. 
Grypltea dilatata Marcon, 1858, Geol. North America, pl. iv, f. 2. 

Shell reaching a moderately large size, very variable in shape, gen­
erally having an irregularly subov~te marginal outline, often much longer 
than broad, but sometimes shorter than broad. Larger valve capacious, 
scaphoid, arcuate, more or less distinctly lobed, the posterior lobe occa­
sionally somewhat wing-like; test rather thick; umbo large, prominent, 
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and incurved, or flattened and short ; scar of attachment small or wanting; 
surface sometimes distinctly lamellose, but generally sonwwhat smooth, 
although Inar.ked by concentric lines of growth. 

Upper valve nearly flat, n1oderately thick in the umbonal region; 
hinge-line wdl defined, straight; area distinct; ligamenta! groove small; 

inner surface sn1ooth, 1nore or less distinctly crenulated at the lateral edges ; 
outer surface marked by numerous concentric, imbricating lines of growth, 
and sometimes also by faint, impressed, radiating strire. 

The collections contain numerous examples of this ·widely-kno·wn 
species, none of which, however, are of so large a size as. are some' of those 

figured by Rccmer, Conrad, and others. In selecting examples for illustra­
tion, I have (.hosen representatives of two extremes of form from among 

others of all intermediate gradations. 1\.fr. Conrad states (loc. cit.) that there 
are two distinct varietal types of this species, one of which resembles 
G. vesicularis Lamarck, and which was the typical form described and 
figured by Dr. Morton ; and the other he designates as var. navia. The 
collections under examination, however, although they contain representa­
tives of the two fom1s referred to by Mr. Conrad, seem to indicate no con­
stancy of separate varietal characters, either of those forms or any others. 

The largest specimens in the collections have a length of only about 
thirty-seven r:1illimeters from the umbo to the basal margin, which is con­
siderably less than that of some examples reported by other authors. 

Position and locality.-Strata of the Cretaceous period :-twenty-five 
miles southea::;t of, and also near, Paria ; East Fork of Paria Creek ; east of 
Impracticable Ridge ; Dirty Devil River, east of ridge, Utah: Canon 
five n1iles west of Puerco ; east of 1\fount Taylor; and Acoma Plateau, New 
Mexico, &c. 

GENUS EXUGYRA Say, 1819. 

Exogyra ponderosa Hmmer. 

Plate XIV, fig. 1 a, b, and c. 

Exogyra pondero.~a Roemer, 1852, Kreidebildung von Texas, 71. 
E.rogyra costata Conrad, 1857, U. S. & Mex. Bound. SHrv., i 7 154. 

Shell large, capacious; marginal outline irregularly subovate; larger 
vn]Y<' Yery gi Jbous; umbo distinctly spiral, but the coil is usually obscured 
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by a large scar of attach1nent; umbonal half obtusely carinate, the sides 
sloping abruptly frorn the carina to the n1argins; basal half not so deeply, 
but more regularly convex than the other. Test very massive, sometirr1es 
having a solid thickness of five or six centimeters, la1nellose, so much so 

that the valve often splits into numerous pieces along .the stufaces of the 
layers of growth; inner surface smooth; mus·cular scar of moderate size, 
somewhat deep, placed about 1nidlength of the valve, and, as usual, a little 
nearer to the posterior than to the anterior side ; surface 1narked by strong, 
irregular, in1bricating lan1ellre of growth, which become laciniate at and near 
the margins ; surface also marked by fine concentric strire, and by irregular, 
indistinct, radiating costre, the latter being usually removed by exfoliation 
fron1 old shells. The collections do not contain any example of the upper 
valve, but both Rmn1er and Conrad describe it as thick, concentrically 
lmninated; smooth within; umbo horizontal, distinctly spiral. 

Length of an exan1ple rather under the average size, from umbo to 
basal margin, about one decimeter; breadth, eight centimeters; convexity 
of the larger valve, nearly six centimeters. 

Among the nu1nerous examples of this species in the collections, none, 
except the one figured, show the radiating costre, and these costre seem to 
be quite different from those, at least of the typical forms, of E. costata Say. 
~r. Conrad states, however, that in New Jersey, Alabama,.and Texas every 
intennediate gradation of form and character is found, from typical fornlS of 
E. costata to E.JJOnderosa. Judging frorn our exa1nples alone, no person 

would suspect such specific relationship ; and, in want of any intermediate 
forms for personal examination, I prefer at present to place our examples 
under the designation given by Dr. Roomer. 

Position and locality.-Strata of the Cretaceous period; east of In1practi­
cable Ridge, Utah. 

Exogyra lreviuscula Roomer. 

Plate XVII, fig. 2 a, b, c, and d. 

Exogyra lreviusculct Roomer, 1852, Kreidebildung von Texas, 70. 
Jtxogyra lreviuscula Conrad, 1857, U.S. & l\fex. Bound. Surv., i, 154. 
Gryphea lreviusC'ltla Conrad, 1857., ib., p. 170 and pl. vii. 

· Shell of moderate size, capacious, somewhat semi-ovate in form, sub­
orbicular in 1narginal outline; test not n1assive; larger valve nntch inflated 
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and subhemiE.pherical; a very indistinctly-defined nn1bonal ridge is to be 
seen upon scme examples, especially near the beak, but in others this 
feature is war.ting. 

Umbo sin all, distinctly spiral, making about two volutions, sometin1es 
nearly free, but often very closely curved, giving the posterior side an 
umbilicated character, sometimes having a very small scar of attachment, .but 
often without such a scar, and always quite symmetrical, or at least not dis­
torted, as the beak often is in other specie·s of this genus; periphery of its 
curve usually extending beyond the hinge-line, but sometimes not. The 
smaller valve is nearly flat, or slightly and somewhat irregularly concave, 
suborbicular ::n outline. Surface of both valves having a smooth aspect, but 
it is 1narked ,iVith such lines of growth as are common to other genera of 
shells, and fr3e from the lamination of surface· so con1mon in the Ostreidce. 

Diamete:~ of the largest example in the collection, from umbo to basal 
n1argin, forty-seven millimeters; transverse diameter, forty-two n1illimeters; 

depth of the ]arger valve, twenty-eight millimeters. 

The collections contain numerous examples of this species, the type­
specimens of which 'vere obtained by Dr. Rremer from near San Antonio, 
Texas. The figure given by Dr. Rremer (loc. cit.) represents the umbo of 
the larger valve more nearly free than that of any of our examples is; the 
umbo in all cur examples being closely incurved. In this respect, ours are 
more nearly ~ike those figured and described by Conrad. 

Position r:tnd locality.-Strata of the Cretaceous period ; Linear Plateau, 

Southeastern U tab. 

Exogyra costata Say, var. fluminis. 

Plato XVII, fig. 3 a, b, c, aud d. 

Shell rather small, irregular! y ovate in outline, somewhat expanded. 
The larger vrive moderately capacious; greatest convexity near the 1niddle, 
fron1 which }Jart the sides slope with less convexity to the basal and lateral 
1nargins; an obtuse, indistinct carina generally appears upon the umbo, 
becomes obsJlete as it extends, and finally disappears ·about the middle of 
the valve; umbo small, depressed, distinctly spiral; volutions two or less; 
a scar of attachn1ent usually obscures the inner volution, but seldon1 or 
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never distorts tLe beak or in1pairs its Aymmetry. Smaller valve nearly flat 
or slightly concave, suborbicular in outline. Surface of the smaller valve 
marked by numerous thin imbiicating strire of growth ; that of the larger 
valve marked by numerous small radiating costre, which are quite distinct 
upon the umb.onal region, but' become obsolete or absent upon the basal 
portion of the valve. These costre are slightly crenulate or in·egular, 
increase a little in size from the umbo toward the base, increase in number 
both by intercalation and bifurcation, and occupy onlY. the external layers 
of the test, exfoliated surfaces being free from them. 

Diameter, from umbo to basal niargin, of the largest example in the 
collection, forty-two millimeters; transverse diameter, thirty-four milli­
meters; convexity of the larger valve, nineteen millimeters. 

This shell reaches a size nearly equal to that of E. lceviuscula Rcemer; 
but it is distinguished from that species b·y the costate surface, less con­
vexity, and smaller umbo of the larger valve. 

From the typical.forms of E. costata Say, as they are identified from · 
the Cretaceous strata of New Jersey, Alabama, and Texas, it differs in its 

much smaller size, its thinner and more delicate test, and proportionally 
smaller costre. The collections contain numerous examples of this variety, 
but none of the typical forms of E. co~tat(}. Some of the examples are very 
young, but the usual uniformity of size prevails among the larger ones that 
indicates adult age, and they have also the aspect of maturity. If ~t were 
not for the well-known tendency to extreme vaiiation among the Ostreidre, 
I should not hesitate to separate this as a distinct speci~s rather than as 
a variety. It is not improbable that, when full and careful comparisons 
shall have been made, our shell will be found specifically distinct from E. 
costata. In such a case, I propose the varietal name given above for a 
specific one. 

Position and localifiJJ~-Strata of the Cretaceous period ; east bank of the 
Rio Puerco, six miles below Casa S~.lazan, New Mexico. 
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FAMILY PEOTINID1E. 

GENUS CAMPTONECTES Meek (Agassiz), 1864. 

Camptonectes platessa White. 

Plate XVII, fig. 5 a. 

Oamptonectes ~Jlatessa "Thite, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
lnYert. Foss., 25. 

Shell thin, suborbicular in outline; length of hinge-line about equal 
to one-half the tran£verse diameter; ears well defined by auricular furrows; 
posterior ea:~ short, flat, its outer margin slightly concave; anterior ear 
moderately :.arge, marked by distinct lines of growth and obscure ra~iating 
strire. rrhe anterior ear of the right valve separated from the body-portion 
by a deep, rather narrow, and son1ewhat angular sinus, the depth of which 
is equal to a bout one-half the l~ngth of the ear from its outer extremity to 
the beak. Radiating strire of the surface moderately fine, increasing in 
number so rapidly that the direction of the outer ends of those above the 

· middle of the valve is transverse, and farther toward the hinge they are 
distinctly n curving; the radiating lines crossed by fine concentric strire, 
and. occasionally by more distinct lines of growth. 

Ileight and transverse diameter each about forty-five millimeters. 
This species somewhat resembles C. bellistriata 1\:feek and Hayden from 

the Jurassic strata of Dakota; but it is proportionally not so broad from 
front to rea:.~, the ears are· proportionally a little longer, and the radiating 
strire a little coarser. 

Positio1t~ and locality.-Strata of the Cretaceous period ; fifty miles north 
of Camp Apache, and five miles west of ~:fineral Spring, Arizona. 

FAMILY LIMID1E. 
GENUS LIMA Bruguicre, 1791. 

Lima W acoensis Uremcr. 

Plate XVII, fig .. 4 a, b, and c. 

Lima ll' acoen~is Roomer, 1852, Kreidebildung von Texas, 63. 
Lima Wacoen.~is Conrad, 1857, U.S. & Mex. Bound. Surv., i, 151. 

Shell 1-ather small, moderately convex, oblique, irregularly oval in 
marginal outline; antero-basal n1argin broadly rounded; posterior n1argin 
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regularly but more shortly rounded than the base; front margin subtruncate; 

}Jostero-dorsal margin nearly straight or slightly convex, and nearly parallel 
with the antero-basal n1argin ; hinge short; ears of about equal size, small, 
but distinct, each forn1ing an obtuse angle by the cardinal border, and the 
anterior and posterior borders respectively; beaks small, distinctly defined, 
projecting a very little over the cardinal border. Surface marked bynum­
erou.s radiating costre; which have interspaces of similar or slightly greater 

. width between them; costre · becoming smaller upon each side of the 
urn bonal region, and absent fron1 the ears. 

The long diameter of the largest example contained in the collections 
is about seventeen millimeters ; short diameter, fourteen millimeters. 

This beautiful and well-marked species has quite a wide geographical 
range. It was originally discovered by Roomer in the Cretaceous strata of 
the valley of the Guadalupe; near New Braunfels, Texas. 

Position and locality.-Strata of the Cretaceous period; southeast of Paria, 
Utah. 

F..t\.MILY PTERIID1E. 

GENUS INOUERAMUS Sowerby, 1814. 

Inoceramus problematicus Schlotbeim, sp. 

Plate XVI, fig. iJ a. 

Mytilus problema.ticus Schlotheim, 1820, Petref.wt., 312. 
Jl1ytiluslabiatttts Brongniart, 1822, Geol. des Envir. Paris·, 215. 
Inoceramus mytiloides Goldfm;;s, 1836, Petrefact. Germ., 118. 
Inoceramus problematicus d'Oruigny, 1843, Pal. Frangaise, iii, 510. 
Inoceramus mytiloides Hremer, 1852, Kreidebildung von Texas, 60. 

Shell oblique, elongate-ovate in marginal outline, moderately inflated 
in its anterior and un1bonal portions, but somewhat compressed posteriorly; 
valves subequal; left valve more capacious than the right; un1bones oblique; 
beaks small, pointing forw~rd and in curved, reaching a little farther forwar~ 
than the anterior border; front side broadly rounded, and neady parallel 
.with tpe posterior side; each valve, for a short distance below the beaks, 
bent abruptly inward to the margin; postero-basal margin abruptly rounded; 0 

posterior or anal side broadly rounded to the cardinal horder; hinge coin­
paratively short. 

12 F 
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Surface marked by moderately strong concentric plications, and also 
by fine concontric lines of growth. 

The dirrensions of this shell differ much 'vith age in their relative 
proportions ; the older ones being proportionally much more elongate than 
the young or.es. 'l1his is due to the more rapid growth of the shell in and 
near the postero-lateral region than elsewhere. The long diameter of one 
of our examples is a little more than six centin1eters; the short diameter 
about three Lnd a half centimeters. 

This is perhaps one of the most ·widely-distributed species of the genus 
in the Cretaceous strata of the United States, and also perhaps one of the 
most variablo. This, together with the fact that no species of Inocermn~ts 
possesses very salient specific characters, often renders its identification a 
matter of SOTile difficulty, especially if the specimens are imperfect. There 
seems, howeYer, to be very little reason for doubting that the forms under 
examination belong to the species I. problematicus, as originally described by 
Schlotheim. 

Position and locality.-Strata of the Cretaceous period: southeast of 
Paria, Utah; ,and also upon the West Fork of Paria Creek, Utah. 

Inoceramus fragilis Hall and Meek. 

Plate XV, fig. 3 a. 

Inoceramus fragilis Hall and Meek, 1856, Mem. Am. Acad. Arts & Sci., n. s., v, 388. 

Shell of medium size, obliquely ovate in n1arginal outline, somewhat 
inflated ; beaks small, pointed, turned forward ; hinge-line rather long; 
surface marked by concentric undulations and fine lines of growth, but the 
shell has a so mew hat smooth aspect. 

The collections contain only a single example of this species, which 
has been rec:>gnized by Mr. ~leek as identical with I. fragilis. 

Position and locality.-Strata of the Cretaceous period; southeast of 
Paria, Utah. 

Inoceramus flaccidus White. 
Plato XVI, fig. 1 a and b. 

Shell large, irregularly subovate in marginal outline, exclusive of the 
ears; valves :;ubequal, not much inflated; wing moderately large, well defined 
at its inner :;ide by an auricular furrow; hinge-line not very long, nearly 
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at right angles 'vith the front of the shell, and only a little oblique with the 
axis; a more or less distinct, but somewhat irregular, furrow extending the 
whole length of the shell from the posterior side of the umbo to the postero­
basal margin, giving each valve an obscurely-bilobed appearance; crenu­
lated face of the hinge narrow, crenulations small; umbonal region nruTo,v; 
beaks prominent, curved forward and in,vard; test comparatively thin 
throughout the 'vhole shell; su1face having the ordinary concentric lines of 
growth, and the test is also thrown into numerous rude and irregular con­

centric undulations. 
Length of the largest example in the collection, about twenty-two cen­

timeters; greatest breadth, about fifteen centimeters. 
rrhis species is remarkable for the rudeness and extravagant irregu­

larity of the undulations of the su1face, of which irregularity the outline also 
partakes, giving the shell a flaccid aspect. The specimens of the collections 
are almost wholly in the form of natural casts, being preserved in a fine­
grained calcareous sandstone, some of which is crowded with fragments of 
this species. 

Position and locality.-Strata of the Cretaceous period; five miles above 
Pueblo, Colorado. 

Inoceramus deformis Meek. 

Plate XV, fig.l a and b. 

JAwceramus dejormis Meek, 1872, Geol. Surv. Wyoming & Contiguous Territories, 296. 
Inoceramus dejormis 1\Ieek, 1874, (Manuscript) U. S. Geol. Expl. 40th Parallel. 

Shell moderately large, irregularly subovate or subcircular in marginal 
outline; entire form subglobose when adult; valves subequal, very much 
inflated; beaks broad, not very prominent; hinge-line short; cardinal bor­
der of test somewhat massive; crenulated face of the hinge moderately 
broad; test thin in the middle region of the valves, but it becomes greatly 
thickened at the· margin of old shells, in some cases forming a massive rim 
around the whole border of each valve, including the cardinal border. 

Surface· marked by the ordinary fine concentric lines of growth, and 
the test is also thrown into more or less regular, coarse, concentric folds or 
undulations~ 

Diameter of the l~trgest example in the collections, measured along the 
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axis of the shell, nearly sixteen centinwters; breadth of the same at right 

angles with t: 1e forn1er measurement, about fourteen c~ntimeters; thickness, 
both valves together, not far from fourteen centimeters. 

This species is remarkable for its extreme gibbosity, and the great thick­
ening of thQ test at the borders of the valves. Disconnected fragments of 
these thickened valves are often n1et with, which has led to the supposition 
that they indicated a species, perfect examples of which were not yet dis­
covered, and 1vhich 1vas provided with a test equally thick throughout. 
The relative thickness of the test, however, in different parts of the valve, 
is shown at 1<3ast approximately in figure 1 b, Plate XV. 

The test of all the known exan1ples of this species, as is usually found 
to be the cas<3 with the test of Inoceramus, l1as wholly a prismatic structure, 
and is much thinner in the middle and umbonal regions than toward the 
free borders, 1vhile the reverse is usually the case with conchifers. This 
seems to ind'.cate that a portion of the thickness of the valve at the middle 
and umbonal region was absorbed while the animal was alive, or that a thin 
pearly layer was ·originally formed upon the inside of the valves, as in 
Pinna, and tbat it became dissolved or decompo~ed after ~ts entombment, by 
agencies whi(~h the prisn1atic layer resisted. The latter suggestion is strength­
ened by the fact that 1nany of the Cretaceous Pinnas show no trace of a 
pearly layer: such as living Pinnas have, 'vhile the prismatic layer is well 
preserved. lt is difficult, ho·wever, to reconcile this with the fact that the 
pearly layer in I. Barabini is often as well or better preserved than the pris­

matic layer. 
Position and locality.-Stra.ta of the Cretaceous period ; five miles above 

Pueblo, Oolcrado. 
Inoceramus Barabini Morton. 

Plate XVI, fig. 4 a. 

Inoceramus Barabini Morton, 1834, Synop. Org. Remains Cret. Group, 62. 
? Inoccramns Orispii Conrad, 1857, U.S. & Mex. Bound. Snrv., i, 152 (not l\fantell). 

Shell of medium size, elongate-ovate in marginal outline, moderately 
inflated, especially in front and in the umbonal regions; valves equal, or 
nearly so; umbones n1ore or less inflated ; beaks small, not reaching quite 
so far forwar:l as the front side of the shell; front truncated and short; 
basal margin broadly rounded; posterior margin curving some·what abruptly 
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up,va:t~d from the base and rounded to the cardinal margin ; hinge-line long, 
sometimes nearly parallel with the basal border; and never n1uch divergent 
fron1 it. 

Surface marked by moderately strong folds or undulations, and also by 
fine lines of growth. 

Long diameter, of an average-sized example, about seven centimeters; 
shorter diameter, at right angles ·with the former measurel)J.ent, four and a 
half centimeters. 

The conspicuous features of this species are its long, slightly divergent 
hinge-line, and its inflated truncated front. . 

It .is a fact worthy of note that the greater part o.f the examples of this 

species in the collections have the pearly layer of the test in a better state 
of preservation than the prisn1atic layer, while in the numerous other species 

of the genus that have come under my observation, the pearly layer is 
usually, if not always, wanting. 

Position and locality.-Strata of the Cretaceous period; one and a quarter 
n1iles south of Bowlder, Colorado, and at Gallinas Creek, New Mexico. 

Inoceramus dimidius White. 

Plate XVI, fig. 2 a, b, c, and d. 

Inoceramus dimidius "\\7 hite, 1874, Expl. & Snrv. west lOOth Merid., Prelim. Rep. Invert. 
Foss., 25. 

Shell very small for one of this genus, infl~ted, sometimes much so, 
obliquely subovate in outline; valves subequal, the left one being a very 
little more capacious than the other; test thin; beaks small, prominent, 
~cute, incurving, and pointing a very little forward; hinge-line straight or 
nearly so, rather short. 

Su1face marked by more or less regular and more or less .strong con­
centric folds or undulations. In some cases, these undulations continued to 

·be formed only until the ~hell had attained about half its full size, when they 
ceased, the r~mainder of the stuface being marked only by ordinary con­
centric lines of gro,vth. This irregularity in the formation of concentric 
folds is sonwti"mes connected with considerable distortion of the usual 
symmetry of the shell. 

The long diameter of an average example from the umbo to the postero-
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ventral margin, twenty-six 1nillimeters; greatest breadth, eighteen Inilli­
meters; thickness, sixteen millimeters. 

This sr ecies is especially distinguished by its small size. Its other 
n1ore conspicuous specific characters are the small but pro1ninent and 
pointed beaks and subequal Yalves. From the young of I. problmnaticus, 
the valves of which are also subequal, it differs in the ~haracter of the beaks 
just mention13d, the much greater convexity of the valves, and other evidences 
of n1ature giowth. 

The collections contain quite a large number of examples of this neat 
little species, both valves of which, in a majority of cases, are together in 
their natu~al position. 

Position and locality.-Strata of the Cretaceous period; Ojo del Piscado, 
New Mexico. 

FAMILY PINNID1E. 
GENUS PINNA Linnreus, 1758. 

Pinna petrina White. 

Plate XIII, fig. 7 a and b. 

P'inna petrina White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Fo~s., 24. 

Shell m)derately large, broad, rather thick, rapidly expanding in height 

as it increasEs in length; dorsal margin concave; ventral margin convex; 
a more or leBs strongly-raised carina extending from the beak to the poste­
rior margin, defining a prominent longitudinal angle along the median por-

. tion of each valve, which is placed a little nearer the ventral than the dorsal 
border; transverse section rhomboidal, the sides of the rhomb being 

slightly conyex; posterior margin o?lique with the axis of the shell, form­
ing a distinc~; but obtuse angle with the dorsal margin. The acute angle 
which it wot.ld form with the ventral margin if continued all the way to it 
in a direct course is abruptly rounded. 

Surface marked by strong, distinct lines of growth, which run obliquely 
downward and backward in a nearly direct course from the dorsal margin, 
across the mesial. angle, to near the ventral margin, 'vhere they are abruptly 
flexed forward, and blend with the ventral border. Crossing the lines of 
growth upon the surface above the 1nesial. angle, there are coarse bt1t indis-
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tinct radiating strire, and occasionally still more indistinct traces of similar 
ones below that angle, all of which are more discernible upon the anterior 
than upon the posterior part of the shell. More or less of the test is pre­
served upon all the specimens; but no trace of the pearly layer has ·been 
detected, all the test having the usual prisn1atic structure. 

Some of the largest examples measure seven and a half centimeters in 
width along the posterior margin, and they must have been not less than 
seventeen centimeters in length when entire. The large size, proportionally 
great width, and angular aspect of this shell distinguish it from any other 
likely to be confounded with it. It resembles P. Renauxiana d'Orbigny, 
as figured by him in Paleontologie Franc;aise, but it expands much more 

rapidly in width than that species does, is not proportionally so thicJc, and 
has a very different posterior marginal outline. In tha:t shell it is the mid­
dle of the posterior margin that is most extended, w bile in ours the greatest 
extension is much below the middle. 

Position and locality.-Strata of the Cretaceous period ; east of Mount 
Taylor, one mile south of Pajuate~ N evv Mexico. 

ORDER DYMYARIA. 
FAl\1ILY .AROIDlE. 

GENUS IDONEAHCA Conrad, 1862. 

Idonearca depressa '\Vhite. 

Plate XVIII, fig. 13 a and b. 

Shell of moderate size, gibbous, irregularly trapezoidal or subovate in 
· marginal outline; posterior half of the ?asal margin nearly _straight, broadly 

rounding upward anteriorly, and sharply rounding the end of the umbonal 
ridge to meet the posterior margin; anterior margin regularly rounded up 
to the hinge-line; posterior margin long, about equal in length to the full 
height of the shell, nearly straight or slightly convex, extending obliquely 
downward and backward; hinge-line equal to a little more than half the 
length of the shell; areas small, narrow, well defined, slightly concave; 
beaks very small, depressed, a little incurved; umbonal ridges very prolni­
nent, each bounding anteriorly a flattened, three-sided space, along the 
ll1iddle of which there is a, radiating, raised line. 
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SurfacE: marked by the usual lines of growth and also by nun1erous 
small, flat, radiating costre of unequal width, with narro·w, sharply­

impressed i aterspaces between them ; costre largest upon and near the 
umbonal ridge, becoming obsolete near the cardinal border, both anteriorly 

and posteticrly. 
Length, measuring across at about midheight of the shell, hventy­

eight millin.eters ; height, from base to umbo, twenty-three millimeters; 
thickness, h)th valves together, about twenty millimeters. 

This species is not fully represented in the collections, but its specific 
characters Lre very satisfactorily shown. A full collection of examples 
would proh:tbly show variations of outline, due to sex, in some cases, 
whereby thE aspect of the shell n1ay be a little different from that of the 
figure. It iB perhapR as nearly related to I. Shumardi Meek and Hayden as 
to any other described species, but it is clearly distinguished from that by 
its depressec. beaks and pron1inent umbonal ridges. 

Position and locality.-Strata of the Cretaceous period; east bank of 
Rio Puerco, six miles below Casa Salazan, N e'v Mexico. 

FAMILY LUCINID~. 

GENUS LUCINA Brugniere, 1792. 

Lucina subundata Hall and Meek: 

Plate XVIII, fig. 12 a. 

Lucina subundxta Hall and Meek, 1856, Mem. Am. Acad. Arts & Sci.; n. s., v, 382. 

Shell sr.borbicular · in marginal outline, lenticular, moderately convex, 
length a litt:.e greater than the height ; basal margin broadly rounded ; 
anterior and posterior margins a little more narrowly rounded than the base; 
postero-dorsal margin gently sloping; beak small, slightly elevated, a trifle 
nearer to the postetior than to the anterior side. Surface marked by the 
ordinary concentric lines of growth, which are crossed by very faint radi­
ating strire. 

Length, fifteen millimeters ; height, thirteen millimeters. 
Position and locality.-Strata of the Cretaceous period ; southeast of 

Paria, U tab. 
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FAMILY ·GLOSSID1E. 

GENUS VE~IELLA Stoliczska, 1870. 

Veniella goniophora Meek. 

Veniella goniopltora Meek, 1875, Paleont. Upper Missouri River, 152. 

Some imperfect examples of this species were obtained fron1 Cretaceous 
strata southeast of Paria., Utah. Mr. Meek's types of the species were 

obtained fron1 the valley .of the Missotui River, near Fort Benton. rhe 
above-named "vork, which 1s now issuing from the press, contains full 
descrir.tions and illustrations, for "vhich the examples in hand are too imper­
fect to furnish a satisfactory basis. 

F .AMILY MAOTRID1E. 

GENUS MACTRA Linnreus. 

Mactra? in com pta Wuite. 

Plate XVII, fig. 6 a aml b. 

"Shell small, transversely subovate in marginal outline; valves moder­
ately convex; beaks somewhat prominent, placed a little more than one­
third the length of the shell from the front ; dorsal bo.rder strongly arching ; 
base broadly rounded; front regularly but strongly rounded; posterior 
border broadly rounded down to the basal margin, which it meets at an 
obtuse angle, and which is there met by an obscure, broadly-curving umbo­
nal ridge. Stnface marked by somew·hat regular, small but distinct, raised, 
concentric strire. The general aspect of ·the shell, the absence of an exter­
nal ligament, and the presence of a well-developed lateral tooth in the left 
valve (all of the hinge yet seen) suggest its reference to the genus Mactra, 
but it may probably be found to differ from the typical forms of that genus 

• 
by the discovery of the whole hinge. 

Length, eighteen millimeters; height, from beaks to base, fourteen mil­
limeters ; thickness, nine millimeters. 

Position and locality.-Str~ta of the Cretaceous period; five miles above 
Pueblo, Colorado. 
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FAMILY ANATINIDlE. 

GENUS LEIOPISTHA Meek, 1864. 

SunGENUS PSILO~IYA. Meek (manuscript, 1874). 

Leiopistha (Psilomya) Meekii White. 

Plate XVIII, fig. ·14 a, b, c, and d. 

Lciopistlta (P~ilomya) JJieekii White, 1874, Exp. & Snrv. west lOOtll Merid., Prelim. Rep. 
ln'Tert. Foss., 26. 

Shell short, much inflated ; umbones large, elevated ; beaks small, 

strongly curved inward and downward, and very slightly turned forward; 

posterior pc•rtion moderately produced, some·what compressed laterally; 
free n1argin~: forming a regular but unequally convex curve, the greatest 

convexity o:: which is in front and the least along the base; upper portion 

of the posterior border obliquely truncated, so that the greatest posterior 

extension of the shell is a little below the hinge-extremity. 

SurfacE having a smooth aspect, but it is marked by fine concentric 

lines of growth. Under a lens, very fine, obscure, radiating strire are seen 

upon the su1face of a little :more than the anterior half of the shell; and upon 

the remainder of the surface, except a sn1all space adjoining the posterior 
cardinal border, there are small, so1newhat distant, radiating strire, easily 
seen by the unas.sisted eye. Upon these strire, both the distinct and obscure, 
the lens shows numerous minute punctures, placed at irregular intervals, 
which are tl.e bases of minute, short, blunt spines, or which mark the places 
from which the spines have been removed. 

Length: twenty-five millimeters; height, from base to un1bo, twenty 
1nillimeters; greatest thickness, both valves together, sixteen millimeters. 

This sLell seen1s to be more nearly related to L. globosa ( = Poromya 
globosa Forb 3S) than to any other described species. Compared with that 
species, as fi.s-ured and described by Stoliczska (Cretaceous Fauna of South­
ern India, vol. iii, p. 4 7, pl. iii, fig. 8, and pl. xvi, fig. 16 ), ours differs in 
being less g1obular, in having the umbones more elevated, and in the more 
distinct radiating strire upon the posterior half of each valve. 

This sp3cies belongs to an interesting group of shells, which form a 
part of the family Anatinidce, and ·which l\!r. F. B. 1_\,feek has defined under 
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the generic name of Leiopistha, of which genus he regards the Cardium 

clcgantulum of Roomer as the type. l-Ie has also divided the genus into 
three sections or subgenera, under the names of Leiopistha proper, Cymella 

and Psilomya (the latter yet in manuscript and awaiting publication). The 
species here described is regarded as a typical one of the last-named sub­
genus. rrhe completeness and precision with which that distinguished 

· paleontologist has done the work upon this group of shells reflect great 
credit upon the science, and it affords me pleasure to name this species in 

his honor. 
Position and locality.-Strata of Cretaceous age ; southeast of Paria, 

Utah. 
SunGENUS CYMELLA Meek, 1864. 

Leiopistha (Cymella) undata Meek and Hayden, sp. 

Plate XVIII, fig. 15 a. 

·PJwladmnya undata Meek and Hayden, 1856, Proc. Acad. Nat. Sci. Pllila., 81. 
Cymella undata Meek, 1864, Smithsonian Check-List Oret. and Jurassic Fossils, 34. 

Shell small, subovate in marginal outline; valves moderately convex; 
beaks somewhat prominent, incurving, and very slightly turned forward, 
placed about two-fifths the length of the shell from the front; front margin 
regularly, and basal margin more broadly, rounded; dorsal margin sloping 
a littie downward to the front and behind,· sloping gently to the posterior 
margin; the latter margin regularly, but a little more abruptly, rounded than 
the front; concentric undulations comparatively strong and distinct, all 
around, parallel with the free margins; radiating impressed lines of the 
middle of the valves also distinct, but rapidly diminishing in distinctness 
toward both ends; a narrow fold extends from beneath the beak, along the 
postero-dorsal region, producing a narrow furrow along the lo,ver side of 
the fold, and a similar but less distinct one bet,veen it and the dorsal border, 
both fturows being of about the same 'vidth as the fold. 

Leng~h, thirteen millimeters; height, from beak to base, nearly ten 
millimeters. 

This species is the type of the subgenus Cymella. 

Position and locality.-Strata of the Cretaceous period; Gallinas Creek, 
New Mexico. 
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FAMILY OORBULIDlE. 

GENUS OORBULA Bruguiere, 1792. 

Corbula nematophora Meek. 

Plate XVII, fig. 7 a, b, ancl c. 

Oorbula neml!toplwra Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 496. 

Shell small, subovate or subtetrahedral in marginal outline, nearly 

equivalve, :noderatel;r gibbous; height in relation to the length about as 
seven to ten, posterior extremity somewhat produced; basal margin broadly 
rounded, abruptly rounded up at each end to meet the anterior and pos­
terior slopEs respectively; anterior slope more abrupt than the posterior, 

almost strai.5ht or slightly concave; posterior slope longer and more oblique 
than the anterior, nearly straight; umbones rather prominent; beaks small, 
slightly inc·.1rved; umbonal ridge somewhat distinct; postero-dorsal region 
flattened and sometimes marked by an inconspicuous radiating raised line. 

Surface marked by fine, raised; concentric lines of growth, and also 

by strong, eoncentric folds placed at irregular intervals, having apparently 
been produeed by the temporarily arrested marginal growth of the shell at 
irregular intervals of time. Sometimes the su1face, especially that of the 

left valve, i:; nearly free from these folds, but in other cases they are so dis­

tinct as to :rroduce considerable distortion of the valve. 
Length, six 1nillin1eters; ~1eight, four millimeters. 
The average size of the specin1ens contained in the collections is con­

siderably le:'s than that given by Mr. ~feek (Zoe. cit.) for his largest typical 
example; but there seems to be very little reason to doubt that the shells 
under exam:nation are specifically identical with C. nematoplwra. 

The a-verage size of the specirnens obtained at the second locality 
nan1ed below is greater than that of those obtained from the first-named 
locality. This is probably due to the difference in the conditions of the 
habitat of the_ mollusks at the two localities respectively, ·while they lived, 
as indicated by the composition of the rock in which they are now embed­
ded; that of the first-named locality being comparatively pure limestone, 
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while the rock of the othf'r locality is soft, clayey shale, with thin intercalated 

layers of impure limestone. 
Position and locality.-Str~ta of the Cretaceous period; plateau ncar the 

west crossing of the North Fork of Virgin River, and elsewhere near the 

North Fork of that river, Utah. 

CLAss GASTEROPODA. 
SuBCLAss DICECA. 

ORDER RHIPHIDOGLOSSA. 
SUBORDER. PODOPHTHALMA. 

FAMILY NERITIDlE. 
GENUS NERITINA Lamarck, 1809. 

SuBGENUS VELA'l'ELLA Meek, 1872. 

Neritina (Velatella) carditoides Meek. 

Plate XVIII, fig. 7 a, b, and c. 

Neritina (Dostia ?) carditoides Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and 
Utah, 499. 

Shell of medium ~ize, broa~ly oval in m~rginal outline, depressed-con­
vex; apex subspiral, slightly oblique, reaching nearly to the posterior margin, 
and depressed nearly upon the posterior border; inner lip occupying a little 
more than half the under surface of the shell, smooth, slightly convex, appar­
ently thick, but really thinned by absorption within; the free margin of the 
inner lip somewhat sharp, straight, plain; outer lip thickened, coarsely and 
somewhat obscurely crenulate; aperture subreniforn1, considerably less in 
size than one-half the under surface of the shell. The space between the 
shelf-like inner lip and the roof of the shell is partially divided by a thin, 
slightly-twisted process or vertical partitiqn, which extends inward and 
backward from .the antero-dextral corner directly toward, but not reaching, 
the apex, so that communication between the two portions of the space thus 
partially divided was around the posterior edge of the partition. 

Su1face marked by fifteen or twenty radiating costre sin1ilar to those 
that mark Cardium or Cardita, and these are· crossed by numerous distinct 
lines of growth. 
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Mr. M3ek described this species from Cretaceous strata at Coalville, 
U tab, together with N. bellatula, another species possessing similar sub­
generic characters, to designate which he proposed the subgeneric name of 

Velatella. 
Positio:tt and locality.-Strata of the Cretaceous period; south of Last 

Bluff, Utah 

ORDER PI~CTINIBRANCHIA1,A. 

SUBORDER TlENIOGLOSSA. 

FAMILY APORRHAIDlE. 

GENUS ANCBURA Oonrad, 1860. 

Anchura ? fusiformis Meek. 

Plate XVIII, fig. 4 a • 

.A.rwhura? fudformis Meek, 1874 (Manuscript), Geol. Expl. 40th Parallel. 

Shell of medium size; body subfusiform; spire somewhat elongated 
and taperin:s to a point; volutions eight or nine, convex; suture impress.ed; 
last volution moderately large, without a revolving angle. Wing moderately 
large, broad-oblong; outer border nearly straight and nearly parallel with 
a line produced from the slope of the opposite side of the spire ; its posterior 
end t~rminLting in a somewhat slender, slightly curved, sharp, back,vard­
projecting spine-like process; its anterior end terminating in a somewhat 
distinct, bu:; obtuse, angle; posterior border of the wing having a somewhat 
regular con~ave curve between the base of the spine-like process and the 
spire; anterior border of the wing curving with slight irregularity from the 
anterior angle of the outer border to the anterior canal; this canal is mod­
m·ately lone: and slender. 

Test tl.in and delicate, except at the borders of the wing, where it is 
considerably thickened, and there are also some indications upon one of our 
examples of a thickening of the posterior end of the inner lip. 

S1.1rfacn marked by fine, distinct strire and numerous, somewhat irregular 
undulations of growth. Crossing these strire of gro·wth, the surface is covered 
with minuto revolving strire of uniform size, giving it a delicately-ornamented 
appearance under the lens. Upon some of our examples, however, the 
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revolving strire are obsolete. Occasionally also a few incipient vertical 

costre are to be seen upon the body volntion of large specimens. 

Length of the largest' example in the collection, from the apex of the 
spire to the end of the anterior canal, thirty 1nillimeters. 

"Mr. Meek's type-specimens being incon1plete, he was in doubt whether 
they ought to be referred to the genus Anchura or not. The examples under 
consideration will not enable me to decide the question now. The presence 
of a little callus preserved at the posterior portion of the aperture of one of 
our examples suggests the probable presence of a posterior canal; in which 
case the shell cannot be assigned to .Anchura, but probably belongs to the 
genus Helica~tlax Gabb. 

Position ancl locality.-Strata of the Cretaceous period: east bank of Rio 
Puerco, six miles below Casa Salazan; six n1iles west of Seboetto; and Cerro 
Rotunda, N e'v Mexico. 

GENUS LISPODESTHES, nov. gen. 

Etyrn,-U(nro~, smooth, and eaOr;~, a garment; in allusion to the callus-covered spire. 

Shell fusiform; anterior canal straight or slightly curved, and more or 
less produced ; posterior canal extending nearly or quite the whole length 
of the spire, from near the apex of which it may be a little deflected; aper­
ture winged ; wing rather large, bearing two processes ; the posterior pro­
cess spine-like or falciform; the anterior process either in the form of a lobe 

,~ or tongue-shaped; inner lip and spire covered with callus. 
This genus is related to Helicauiax Gabb, and may possibly prove to 

be only subgenerically distinct from it. It differs from that geJ?.US in having 
the callus enveloping the whole spire instead of extending along the under 
side only, and also in .the p!'esence of the moderately large anterior process 
of the wing. In some respects it is like Calyptrophorus Conrad, but it differs 
conspicuously from that genus in having two prominent processes to the 
wing instead of being plain, thickened, rounded, and smooth. Besides this, 
the form is not so elongate as is common in that genus. 

Only two species of this genus, so far as lam aware, have been dis­
covered in the Cretaceous strata of North America, both of which are 
described in this report. 
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Lispodesthes nuptialis White. 

Plate XVIII, fig. 3 a and b. 

Anchura nupt<alis White, 1874, Exp. & Surv. west tOOth 1\>Ierid., Prelim. Rep. Invert. 
Fo.,s., 24. 

Shell s:nall; body subfusiform; ·wing moderately large; spire some­

what promi:1ent, acute, but so thickly encrusted with callus that the volu­
tions are only obscurely shown, except ·where the callus is removed by 
exfoliation; revolving angle absent or obsolete upon the volitions of the 

spire, even ·when bared by exfoliation of the callus, but it is somewhat dis­
tinct upon the body-volution, being continued out upon the falciform pro­
cess of the wing. This posterior falciform process diverges widely from 

the axis of 1he shell, but, by recurving, it extends nearly as far backward 
as the apex of the spire ; anterior process of the wing somewhat thickened, 

its breadth throughout about equal to that of the falciform process at the 
base, its length and breadth about equal, its outer end obliquely rounded; 
space between the two processes very narrow; from the base of the anterior 
process the ·Jorder of the wing extends forward with a concave curve to the 
base of, and ends at, the ~ong, slender anterior canal ; posterior border of the 
·wing concaYe and continuous with that of the falciform process on the one 
band, and with the callus-border of. the posterior canal on .the other. 

Length, fro1n the apex of the spire to the end of the anterior canal, 
twenty millimeters ; b1·eadth, n1easuring across from the base of the pro­
cesses of the wing to t4e opposite side, nine millinleters ; spire, falciform 
process, and anterior canal, each about seven millimeters. 

Positior,. and locality.-Strata of the Cretaceous period ; fifty miles north 
of Can1p Apache, five miles 1-vest of J\fineral Spring, Arizona. 

Lispodesthes lingulifera White. 

Plato XVIII, fig. 2 a and b. 

Shell r:tther small; body subfusiforn1; wing n1oderately large; spire 
of medium ~ize, acute, nearly or wholly encrusted with callus, by which the 
form of the volutions is obscured; volutions six or seven, seen to be regu­
larly convex where the callus is exfoliated; suture in1pressed; rev?lving 
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angle distinct upon the body-volution, and forms a carina as it is contin~ted 
out upon the spine-like posterior process of the wing. This process 
diverges widely from the axis of the. shell, and curves gently backward; 
anterior process of the wing moderately large, linguliform, projecting 

straight outward, and a little forward, and separated from the other process 
by a notch of moderate width, which is abruptly rounded at the bottom. 
From the base of the spine-like process, the posterior border of the wing 
curves . gently inward and backward against the spire ; anterior border of 
the wing curving forward from the base of the anterior process and ending 
in the slender anterior canal; posterior canal or groove narro·w, extending 
back nearly or quite to the apex of the spire. Surface of the wing marked by 
the ordinary lines of growth, and upon the outer volution of some speci­
mens there are faint indications of revolving stlire. 

Full length of the shell, from the apex to the end of the anterior canal, 
about thirteen millimeters ; width across the last volution, including the 
·whole wing, but not the processes, six millimeters. 

This species is close I y related to L. nuptial is of the preceding descrip­
tion, but differs from that species in its less robust form, comparatively 

. smaller wing, more slender and less recurving posterior process, and in the 
linguliform, instead of lobe-shaped anterior process. 

Position and locality.-Strata of the Cretaceous period; east of Mount 
Taylor, one mile south of Pajuate, New Mexico. 

FAMILY TECTURIDlE. 

GENUS ANISOMYON Meek and Hayden, 1860. 

Anisomyon borealis Morton, sp. 

Plate XVIII, fig. 9 a and b. 

Hippongx borealis Morton, 1842, Jour. Acad. Nat. Sci. Phila., viii, pl. ii, fig. 6. 
IIclcion carinatus Meek and Hayden, 1856, Proc. A cad. Nat. Sci. Phila., 68. 
Jlnismnyon borealis Meek and Hayden, 1860, Am. Jour. Sci., xxviii, 2d .s., 35. 

Shell obliquely conical; marginal outline broadly oval or suboval; 
breadth greater than the height; lateral slopes nearly straight or slightly 
convex; anterior slope concave; posterior slope convex. Stuface marked 

· 13 F 
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by conspicuous lines of growth, which are crossed by numerous finer 
radiating lines. . Besides the latter~ there are eight slightly-raised radiating 
ridges extending from the apex t<? the border, whic~ leave upon the internal 
cast faint shallow furrows, and where the shell is partially exfoliated they show 
asna~To~ linear grooves in its substance. These grooves or ridges are usually 
arranged with considerable regularity as to their relative distances from each 
other, but sometimes they are less symmetrically arranged than they are rep­
resented in figure 9 a. The margin is usually very slightly emarginate at 
each of the radiating ridges, and seems to have been elevated a little at the 
front. 

Antero-posterior diameter, thirty millimeters; transverse diameter, 
twenty-five millimeters; height, about twenty millimeters. 

Position and locality.-Strata of the Cretaceous period ; Gallinas Creek, 
New Mexico. 

Anisomyon centrale Meek. 

Plate XVIII, fig. 8 a and b. 

Anisomyon centrale Meek, 1870, Geol. Surv. Wyoming & Contiguous Territories, 312. 

Among the collections made at Gallinas Creek, New Mexico, there is 
a single internal cast in indurated clay, which I refer with cm:~paratively 
little doubt to A. centrale Meek. Its height is proportionally much less 
than that of typical examples of this species. This imperfection, together 
with the absence of the test, render it insufficient of itself to base a specific 
description upon; consequently, I give the substance of Mr. M~ek's original 

0 

description as follows :-
"Shell depressed-conical; apex nearl~ central; slopes nearly straight 

all around, but sometimes the anterior and sometimes the posterior slope is 
a little convex; marginal outline nearly circular or very broadly oval. 
Surface marked by concentric lines of growth, by slightly-raised radiating· 
strire, and also by somewhat irregular radiating furrows of unequal depth ; 
the furrows being larger and .deeper upon the anterior half of the shell. 

· "Breadth of the largest specimens seen, 1.16 inches; height, about 
0.95 inch." 

Our example is represented in figure 8 a and b, of natural size, by 
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which it will be seen to be considerably smaller than the maximum size of 
Mr. Meek's specimens. It differs somewhat also from his description in 
having its radiating furrows more irregularly disposed upon the anterior 
part of the shell, but this is regarded as only an individual variation. 

li1AMILY TURRITELLIDlE. 

GENUS TURRITELLA Lamarck, 1801. 

Turritella uvasana Conrad. 

Plate XVIII, fig. 11 a nnd b. · 

Turritella uvasana Conrad, 1856, Pacific Railroad Surveys, v, 321. 
Turritella uvasana Gabb, 1864, Paleontology of California, i, 134. 

Shell of ordinary size, elongate, slender; sides straight; volutions nu­
merous, apparently reaching eighteen or twenty in number when full-grown; 
the sides of the volutions nearly straight or only slightly convex; suture 

·broad, deeply impressed. 
Surface marked by numerous revolving raised lines, six or eight of 

which are moderately large, the smaller ones alternating with then1. The 
larger line~ are minutely nodose. upon the larger volutions, and upon the 
last one they are sometimes even subspinulose. 

All the specimens of this species in the collection are more or less 
broken, but, judging from the apical angle indicated by their sides,. the 
largest one must have been about five and a half centimeters long, and its 
last whorl about thirteen millimeters in diameter. 

I have referred this species to T. uvasana Conrad with some doubt, for 
several reasons. Both Conrad's and Gahb's descriptions are unsatisfactorily 
short: Conrad's ~gure is of only a fragment; Gabb's figure is proportionally 
more slender than any of our examples; and, finally, Conrad refers his species 
to the Eocene period. Gabb, however, obtaining his specimens from the 
typical locality, in Los Angeles County, California, refers the strata there 
to the Cretaceous period. 

Positi~n and locality.-Strata of the Cretaceous period ; southeast of 
Paria, Utah. 
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GENUS OASSIOPE Coquand, 1865. 

Cassiope Whitfieldi White. 

Plato XVIII, fig. 1 a. 

Oassiope Whitfieldi, White, 1874, Expl. & Surv. west lOOth 1\ierid., Prelim. Rep. Invert. 
Foss., 27. 

Shell moderately large, elongate-conical, umbilicate; volutions appar­
ently about twelve, prominent and prominently angular below the middle 
of t4~ visible portion, slightly concave. from the prominent revolving angle 
to the suture belo·w, also very slightly and somewhat irregularly concave 
from that angle to the suture above. A little below the suture there is a rather 
small, shallow furrow, with its borders above and below raised into more or 
less distinct revolving ridges. Upon the under side of the last volution, 
which is rather strongly convex, there are three small revolving ridges, one 
of them bounding the umbilicus; the other two are placed near each other 
above the middle of the space, and are continuous to the apex of the shell. 
It is between the two last-named ridges that the hinder edge of each 
succeeding volution joins the preceding one. Umbilicus moderately large 
and deep; aperture subovate in outline; outer lip sinuate, having a broad, 
shallow notch above its middle, projecting somewhat anteriorly, and rounded 
abruptly into the umbilicus. 

Su1face marked by more or less strong undulating lines of growth, 
apparently without small revolving lines. 

Diameter of the last volution of our largest example, nearly four and 
a half centimeters ; the full height of the same, when entire, n1ust have been 
not far from eleven centimeters. 

This shell has nearly the general aspect of Turritella Mortoni Conrad, 
but the presence of an umbilicus separates it generically from that shell. 

Dedicated to Mr. R. P. \Vhitfield, the accomplished paleontologist of 
Albany, New York. 

Position and locality.-Strata ·of the Cretaceous period; at. the head of 
LeV erken Creek, and also in Pace's Canon, U ta)1. 
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GENUS EULIMELLA Forbes, 1846. 

Eulimella funicula Meek. 

Plate XVIII, fig. 6 a. 

Eulimella? funicula Meel{, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 506. 

Shell rather small, slender, elongate-conical ; sides, from the last 
volution to the apex, slightly convex; volutions ten or twelve, their sides 
nearly tlat or slightly convex; last volution subangular below the ·middle; 
suture linear; aperture oval, rounded anteriorly, subangular posteriorly; 
inner lip a little thicken<?d; colun1ella ilnperforate, nearly or quite straight, 
·and in a line with the axis of the shell; surface smooth, apparently polished. 

Length, about si~teen millimeters; angle of lateral divergence, eighteen 
or twenty degrees. 

lVlr. 1\tleek referred this species to Eulima with much hesitation, and 
suggested (loc. cit.) that it might subsequently be found, through the dis­
covery of more perfect specimens, to belong to the genus Eulimella. None 
of our examples show the apex, and it is, therefore, not known whether it 
is sinistral or not, but the one selected for figuring shows the colume.lla to 
be simple, and nearly or quite straight, as in true Eulimella. I therefore 
refer it provisionally to that genus. 

Position and locality.-Strata of the Cretaceous period ; North Fork of 
Virgin River_ Utah. 

FAMILY PYRAMIDELLID~. 

GENUS TUHBONILLA Leach, 1825. 

SuBGENUS CHEMNITZIA Conrad, 1860. 

Turbonilla (Chemnitzia) melanopsis Conrad(~). 

Plate XV III, fig. 10 a. 

Among the fossils obtained from near the west crossing of Virgin River, 
Utah, are some imperfect examples of a shell that seems to be identical·with 
T. 1nelanopsis Conrad. As these are all too imperfect to base a full descri p­
tion upon, I copy that of the author from the Journal of the Academy of 
Natural Sciences of Philadelphia, (2d series, vot iv, p. 287) :-'' T. ( Chem-
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nitzia) nzelanopsis.-Subulate ;· whorls nine, flattened on the sides ; ribs 
regular, slightly curved, about seventeen in number on the body-whorl; 
revolving lines distinct, uhequal, about seventeen in number on the penulti­
mate whorl; suture impressed, slightly waved; aperture long,- elliptical." 

SUBORDER TOXOGLOSSA. 

FAMILY ADMETIDAjJ. 

GE~US ADMETE :Moller, 1842. 

SUBGENUS ADMETOPSIS ... Meek, 1872. 

Admete (Admetopsis) gregaria 1\feek. 

Plate XVIII, fig. 5 a and b. 

Admete? gregaria 1\ieek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 506. 

Shell r~ther sn1all, subfusiform, excluding the outer lip; spire proini­
nent, tapering to a small apex; volutions six or eight, convex, abruptly 
rounded in to the suture above; suture well defined; last volution nloder­
ately inflated, its length equal to, or a little greater than, one-half the full 
length of the shell; apertur~ of moderate size, about as long as the spire, 
narr.owing posteriorly and ending anteriorly, at the base of the columella, 
in a disti~ct sinus ; columella marked by two spiral folds, the larger one of 
which blends with the truncated extremity of the columella. The other 
fold i'3 placed a little above the first and passes backward into the aperture 
a little more obliquely; inner lip a little thickened alqng its whole length; 
outer lip in adult shells moderately thick, its outer margin broadly rounded, 
and its anterior margin abruptly truncated to the base of the columella. ~ 

Surface marked by numerous, more or less strongly-elevated, longitudi­
nal or slightly oblique folds, of regular but gradually-increasing size, coin­
cident with the growth of the shell. These folds are quite distinct upon the 
middle volutions, scarcely observable near th~ apex, and sometimes obsolete 
upon the last volution, or visible only upon its posterior portion. N umer­
ous small, revolving, raised lines cross these folds, often not perceptible 
between, but distinct upon, the folds, giving them a nodulose or corrugated 
appearance. These revolving lines are always present and usually con­
spicuous upon the anterior part of the last volution. 



Cl~El'ACEOUS PERIOD. 199 

Length of a large example, nineteen millimeters'; breadth of its last 
volution, including the outer lip, ten millimeters. 

Mr. }leek described (loc. cit.) two other closely-related species, all from 
the Cretaceous strata at Coalville, Utah, which he proposed to group under 
the subgeneric name of .A.drnetopsis. Their generic characters are very 
closely like those which distinguish the recent genus .A.dmete, but I agree 
with Mr: }leek in regarding the differences as of at least subgeneric if not 
full gen;ric value. In .A.dmetopsis it is the lower fold upon the columella 
that is most prominent, being particularly so just where ~ blends with the 
truncated end of the columella. . In .A.dmete, on the contrary, it is usually 
the second fold· that is most prominent. The inner lip also of tile former, 
·unlike that of the latter, is thickened along its whole length, and the shells 
throughout are a tlifle more n1assive than those of .A.dmete usually are. 

Position and locality.-Strata of the Cretaceous period; North Fork of 
Virgin River, Utah. 

CLASS CEPHAI_JOPOD.A. 
ORDER 1,E1,RABRANCHIA1,A. 

FAMILY BACULITIDlE. 
GENUS BACULITES Lamarck, 1801. 

Baculites ovatus Say. 

Plate XIX, figs. 4 a, b, and c, and 5 a, b, and c. 

· Among the collections made from Cretaceous strata :;tt a locality south­
east of Paria, Utah, there are several specimens of a species of Baculites. 
They are all small, slender shells, and in all observable respects they agree 
with young examples of B. o-vatus Say. 

It is, however, a noticeable fact that, although a considerable collection 
of different species of fossils were obtained at that locality, only these very 
small examples of Baculites were found among them. This fact suggests 
the possibility that these examples may be adult forms and specifically dif­
ferent from B. ovatus. In want of further evidence upon this point, how­
ever, I do not at present feel warranted in referring them to any other 
species. 
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Numerous examples of B. ovatus w~re also obtained from Gallinas 
Creek, New 1\fexico, some of 'vhich 'vere quite large. A large proportion 
of these ·were typical forn1s of the species. A transverse section of one of 
these is shown in figure 4 a, Plate XIX. Many of the examples, associated 
with these typical ones, were, however, quite constant in having their sides 
more flattened than those of typical form, giving an outline of transverse 

section, such as is shown in figure 5 b. The septa in all these last-named 
examples correspond so nearly with those of the typical forms of B. ovatus 
as described and figured by IIaU and Meek that I am disposed to regard 
them as only a variety of that species. The plan of the septa in this variety 

+i 

is shown in figure 5 a, and still more clearly in figure 5 c. 

FAMILY SOAPHITIDlE. 

GENUS SOA.PHITES.Parkinson, 1811. 

Scaphites Warreni Meek and Hayden. 

Plate XIX, fig. 3 a. 

Scaphites Warrcni Meek and Hayden, 1860, Proc. Acat.l. Nat. Sci. Phila., 177. 

The collections contain a single specimen of this species from Creta­
ceous strata three miles southwest of San Mateo, New J\1exico, which, 
although too imperfect for detailed description, is satisfactorily identified by 
its visible external characters. 

The type-specimens of J\ieek and Ilayden were obtained near the 
Black IIills, in Nebraska; the following being the substance of their descrip­

tion:-
"Shell small, transversely subovate, moderately compressed, rounded 

on the dorsum; volutions subcylindrical, increasing gradually in size; 
non-septate portion.of the last turn slightly compressed laterally and deflected 
from the regular curve of the others so as to become nearly or quite discon­
nected at the aperture. 

"Surface of the inner whorls ornamented by numerous small costw, 
which increase chiefly by implantation, and all cross the dorsum very reg­
ularly 'vithout arching ; on the' sides of the 11onseptate outer charnber, 
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about every fourth or fifth costa is n1uch more prominent and sharper than 
the others and extends quite across to the umbilic~l side, while those between 
die out or coalesce with the others at various distances. 

"Length, 1.45 inches; height, about 1.22 inches; breadth, 0.57 inch." 

:FAMILY AMMONITIDlE. 

GENUS AMMONITES BrugnU~rr, 1789. 

Ammonites Lcevianus White. 

Plate XIX, :fig. 1 a and b. 

Shell1noderately large, robust; volutions four or more, increasing rap­
idly in size, especially the outer one, so that the umbilicus is rather deep 
but yet showing all the volutions; each volution embracing between one­
quarter and one-third of the width of each preceding one.;. transverse sec­
tion of outer v<;>lution, bet,veen the nodes, oval-subquadrate; surface, upon 
each side, marked by a row of moderately-elevated, transversely elongate 
nodes, situated about one-third of the distance from the umbilicus to the 

dorsum ; and also by a row of very prominent nodes on each side of the 
dorsun1. Each of these rows consist of the. same. number of nodes. rrhe 
dorsal nodes diverge strongly, but are wholly embraced by each succeeding 
volution, an~ do not therefore appear in the umbilicus. Between these two 
rows of dorsal nodes, the dorsum is slightly convex and the outer surface of 
the shell appears ·to have been marked by a small median carina. Between 
these nodes and the umbilicus, the sides of the volution are broadly convex. 

A greater transverse elongation of the lateral nodes than exists on our 
example would make each continuous with its corresponding dorsal node, 
which would give to each lateral pair of nodes the character of a rib. It is 

not improbable that this modification may be found to exist in some ex­
amples of the species. 

Septa co1nplex; dorsal lobe and part of dorsal saddle unknown; supe­
rior lateral lobe moderately large, bifid; lateral saddle about as large as the 
lateral lobe, but not bifid; inferior lateral lobe small, natTow, not bifid; 
accessory lobes and saddles few and small; the borders of all the lobes and 
saddles more or less deeply notched or dentate. 
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Diameter of the only example in the collections, the larger part of the 
outer chan1ber being _broken away, fourteen centimeters. 

Specific name given in honor of Dr. Oscar Lrew. 

Position and locality.-Strata of the Cretaceous period ; Ojo de los 
Cuervas, New Mexico. 

Ammonites placenta Dekay var. intercalaris Meek and Hayden. 

Some more or less imperfect. specimens of this species are contained · 
among the collections from Gallinas Creek, New Mexico. A small portion 
only of the external surface is shown, but this contains in part the charac­
teristics by which Meek and Hayden separate the variety intercalaris from 
the typical forms of the species as published by Dekay. It agrees with 

the variety above r~ferred to also in being less compressed than the typical 
forms of A. placenta are. 

GENUS BUCHICERAS Hyatt, 1875. 

Buchiceras Swallovi Shumard. 

Plate XX, fig. 1 a, b, ancl c. 

Ammonites Swallov~ Shumard, 1860, Trans. St. Louis Acad. Sci., i, 591. 

Shell moderately large, flattened-discoid; sides gently convex; dorsum 
narrowly flattened, the flattened space bordered 01:1 each side by a row of 
more or less distinct nodes; -volutions three or four, partially embracing; 
umbilicus broad, its outline not clearly ·defined, deep for so discoid a shell, 
although it has a shallow aspect because of its breadth and want of definite 
outline, and exhibiting a large part of each of the inner volutions ; aper­
ture subovate in outline, its longest diameter directed from the center of the 
shell, narrowest at the outer end, where it is truncated by the flattening of 
the dorsum ; sides of the volutions marked by prominent, somewhat flexuous, 
rounded costre, extending from the inner to the outer edge ; the space 
between each two of these principal costre is occupied by one or two short 
ones which do not reach the umbilicus, but they end at the dorsum like th~ 
others ; upon each costa, near its dorsal end, there is an obtuse node, which, 
together with the dorsal nodes before mentioned, constitute a double row 
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of nodes at each side of the dorsum. Saddles all broader, and simpler in 
outline than the lobes; none of the former being really digitate, and those 
near the ventr~l side of the volutions, especially the inner volutions, are 
nearly as simple in outline as they are in Oeratites. 

This shell presents some differences from the description by Dr. 
Shumard of A. Swallovi, the p1incipal of which is the absence of the nodes 
at the umbilical side of the volutions and of the distinct transverse 1ibs of 
the dorsum mentioned by him; but these are not regarded as essential 
specific characters. 

Full diameter of the shell, about eighteen centimeters; transverse 
diameter of the aperture, nearly five and a half centimeters; .long diameter 
of the same, about eight and a half centimeters. 

Professor Hyatt writes me, after an examination of the specimen 
figured on Plate XX, that he regards it as a species of his genus B2tchiceras, 
but that "it differs from B. Syr:iac'IJ:m, the type of the genus, in having the 
larger lobes and cells more Ammonite-like." 

Position and locality.-Strata of the Cretaceous period; Glendale, Long. 

Valley, Utah. 

FAMILY TURRILITIDlE. 

GENUS HELICOUERAS d'Orbigny, 1842. 

Helicoceras Pariense White. 

Plate XIX, fig. 2 a, b, c, and cl. 

Shell dextral; spire much depressed; whorls distinct, subcirc~ar or 
very broadly oval in transverse section, increasing somewhat rapidly in' 
size; surface marked by comparatively strong, rather abruptly-ro:unded 
annulations, which cross the whorls obliquely; annulations only slightly 
prominent upon the inner side of the whorls, but more prominent upon the 
upper and under sides; upon the outer side of the whorl each annulation 
bears ·a pair of prominent nodes, one on each side of the siphuncle, forming 

. two dorsal rows of nodes along the whole length of the shell, the portion · 
of the annulation between each pair of nodes being straightened and 
slightly flattened upon the beak. The annulations are apparently always 



204 CB,ETACEOUS PEIUOD. 

simple, never coalescing, and never failing to completely encircle the volu­
tion. The nodes are moderately prominent upon exfoliated specimens, and 
where the test is preserved they are seen to be subspinous or sharply 
nodose. 

Septa moderately distant, sometimes embracing t'vo annulations, but 
to,vard the aperture only one. Lobes all smaller than the saddles, the size 
in each transverse series gradually diminishing from the dorsal to the ven­
tral one; the smallest saddle, the ventral, not being larger than the largest 
lobe, the dorsal; lobes all bifurcate, except the ventral, the inferior lateral 
lobe being but slightly so; the anterior portion of the space between the 
branches of the dorsal lobe occupied by two backward-projecting points; 
the ventral lobe is simple, small, naiTow, and serrate upon both sides. The 
saddles of the different longitudinal set1es all similar in shape, diminishing 
gradually in size from the dorsal to the ventral series; all broader than long, 
except the ventral one, the length and breadth of which are about equal; 
each partially parted at the middle; edges of all the lobes and saddles ser-

. rated or toothed. 
The longest fragment in the collection measures about seven centi­

meters~ At the larger end of this the long diameter is fifteen millimeters 
and the short diameter fourteen millimeters; at the smaller end the long 
diameter is eight and a half millimeters. 

· This species is similar in aspect to H. Mortoni Hall and Meek, but dif~ 
fers from it in diminishing in caliber much more rapidly toward the apex, 
in the presence of a double series of nodes along the dorsum of the volu­
tions, and in the proportions and details of its lobes and saddles. 

Position and locality.-Oretaceous strata; southeast of Paria, Utah. 
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ARTICULATA. 

CI.JASS VERM }1~8. 
ORDER l'UBICOLA. 

FAMILY SERPULIDlE. 

GENUS SERPULA Linnreus, 1758. 

Serpula intrica White. 

Plate XV, fig. 5 a. 

Tubes small, slender, cylindrical, smooth, very long and very tortuous, 
not perceptibly increasing in size, so far as our examples show, but neither 
the distal nor proximal extremity of the tube has been found unbroken.· 

Diameter of the tube, a little more than one millimeter. 
This sp~cies is remarkable for the great length and uniform size of the 

tubes, and for the intricacy of their contortions. 

Position and locality.-Strata of the Cretaceous period; southeast of 
Paria, Utah. 
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OHAPTER X. 

CENOZOIC AGE. 

TERTIARY PERIOD. 

MOLLUSCA. 
CLASS CONCHIFERA. 

()RDER DIMYARIA. 
FAMILY UNIONIDM. 
GENUS UNIO Retzius, 1788. 

U nio vetustus Meek. 

Plate XXII, fig. 12 a, b, c, and d. 

Unio vetustus Meek, 1860, Proc. Acad. Nat. Sci. Phila., 312. 
Unio priscus Meek, 1870, Geol. Surv. Wyoming & contiguous Territories, 298. 

Shell somewhat elongate-ovate, some examples a little compressed, but 
uld shells usually somewhat gibbous; test moderately thick; beaks placed 
near the ~nterior extremity; anterior margin regularly rounded down to 
the basal margin, which is only slightly convex or a little straightened; 
dorsal margin nearly straight or·a little convex, and nearly parallel with the 
base; posterior margin obliquely sloping downward and backward from the 
dorsal margin, and abruptly rounded below to meet the basal margin. 

Surface of young shells marked by numerous small, undulating con­
centric wrinkles, which cease to form as the shell increases in size, and are 
then seen only upon the beaks ; surface of adult shells marked by the 
ordinary lines of growth ; umbonal ridge rounded, not prominent ; two 
somewhat sharply raised lines radiate from just behind the beak obliquely 
downward and backward upon the space between the umbonal ridge and 
the dorsal margin. 
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Cardinal tooth of right valve moderately strong, prominent, conical, 
curved slightly upward and forward; depressions upon each side of it 
shallow; cardinal teeth of left valve not very prominent, nearly vertical; 
the pit between them for the reception of the tooth of the other valve rather 
deep; lateral teeth narrow, moderately prominent, very slightiy curved; 
anterior adductor scars deep, placed close before and a little below the 
cardinal teeth; anterior pedal scars so close together as to form a single 
depression, and placed immediately below the addu.ctor scars. 

Some of the specimens in the collection. are a little wider posteriorly 
than anteriorly, and some are also more gibbous than others, which differ­
ences are thought to be sexual rather than varietal, since such sexual differ­
ences of form are usual among living species of Unio. 

Length, sixty -seven millimeters; breadth, thirty-nine millimeters. These 
measurements are of examples that appear to be of medium adult size. 
Some fragments indicate that the species r~aches a considerably larger size, 
and also that some of them had a ·greater proportionate length. 

Mr. Meek has expressed the opinion, (Geological Survey of Wyoming 
and contiguous Territories, p. 298,) that this species is identical with U. 
priscus Meek and Hayden, but a still later development of facts leads me to 
think the strata fro~ which the two forms respectively come, belong to 
different periods. Therefore I prefer to retain separate names for the two 
forms at present, although they are so similar. 

Position and locality.-Strata probably of Eocene Tertiary age; Wales, 
Utah. 

FAMILY CYRENIDlE. 
GENUS CYRENA Lamarck, 1818. 

SUBGENUS VELORITINA Meek, 1872. 

Cyrena (Veloritina} Durkeei Meek, 

Plate XXI, fig. 13 a and b. 

Cyrena (Oorbicula) Durkeei Meek, 1870, Proc. Amer. Philo. Soc. Pbila., xi, 431. 
Corbicula ( Veloritina) Durkeei Meek, 1871, Geol. Surv. Montana and adjacent Terri­

tories, 376. 
Cyrena ( Veloritina) Durkeei Meek, 1874 (manuscript.). 

Shell rather large for one of the genus, subtrihedral in outline, gibbous, 
especially the upper median portion; posterior ~nd postero-ventral portions 
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somewhat compressed laterally; front margin abruptly and basal margin 
broadly rounded; posterior side sloping downward and backward to the 
postero-basal n1argin, where it is narrowly rounded to meet the basal margin; 
beaks elevated, pointed, curving inward and forward, and nearly meeting 
each other across the hinge. The dorsal margin of each valve behind the 
beak is bent more or less deeply and sharply inward and downward, form­
ing a prominent curved umbonal ridge, which extends from the beak to 
the postero-basal border, and completely obscures the line of union of the 
two valves along the postero-supe~ior margin, as the shell is viewed laterally. 
This last-named character is a marked feature of the shell, and gives the 
appearance of unusual elevation to the umbonal ridges. 

Surface marked by distinct, concentric lines of growth. 
Length from front to postero-basal margin, forty-:-nine millimeters; 

height, from base to top of umbo, forty-two millimeters. 
Position and locality.-Strata probably of Eocene Tertiary age; plateau 

near the 'vest crossing of the north fork of Virgin River, at Pace's Cailon, 
and at the north fork of Virgin River, Utah. 

~ENUS SPlllERIUM Scopoli, 1777. 

Sphrerium -- (~). 

Among the collections made from Tertiary· strata west of Fairview, · 
Utah, are some specimens of Sphcerium that appear to belong to S. forrnosttm 

Meek and Hayden, the type-specimens of which species were obtained from 
Tertiary strata near Fort Union, Nebraska. They are, however, too imper­
fect, and the specific characters too inconspicuous to allow their identity to 
be recognized wit? certainty. 
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CLAssGASTEROPODA. 
SUBCLASS PULMONIFERA. 

ORDER PULMONA1
1.A. 

SUBORDER BASOM.MATOPHORA. 

FAMILY LIMN1EID1E. 

GENUS PLANORBIS Guettarll, 1756. 

Planorbis Utahensis Meek. 

Plate XXI, fig. 8 a. 

Planorbis Utahensis Meek, 1860, Proc. Acad. Nat. Sci. Phila., 314. 

Shell moderately large, discoidal, compressed; slightly convex above; 
test thin ; the first two or three volutions often depressed a little below the 
general surface of the outer ones, making the top slightly concave at center; 
umbilicus broad, not very deep, showing all the inner volutions plainly; 
volutions from four to five and a half, rather slender, wider than high, sub-
elliptical in transverse section, convexity of the upper side slightly less than 
that of the lower side ; upper side of the outer volution slightly sloping 
outward and downward to the periphery, which is somewhat narrowly 

· rounded; suture distinct, but not very deep above, deeper and more distinct 
below; a small part of each volution concealed by the next succeeding 
one; aperture suboval, slightly expanded laterally. 

Surface marked by small oblique lines and occasional small wrinkles 
of growth. These lines extend obliquely outward and backward, the margin 
of the aperture also having the same direction. 

Greatest breadth of the largest specimen in the collection, twenty-four 
millimeters. Mr. Meek's type-specimens were obtained from Tertiary strata, 
which be was disposed to regard as Eocene, in the valley of Ham's Fork, 
latitude, 41° 40' north; longitude, 110° 10' west. 

Position and locality.-Strata of Tertiary age; east slope of Pine Mount­
ain and at Castle Valley, Utah. 

14 F 
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Planorbis --(~). 

Fron1 strata, probably of Eocene Tertiary age, at the head of Soldier's 
Fork, Utah, some specilnens of d.ark carbonaceous shale were obtained, con­
taining Unio vetustus l\leek, and which are also cro,vded with shells of a 

small Planorbis. rrhe shells are of. nearly unifonn size, averaging about 
three 1nillimeters in diameter; slightly convex above, narrowly umbilicate 
belo·w; volutions about throe, broader than high, not angulated, marked 
by ordinary lines and small wrinkles of growth. They appear to be mature 
shells, but they present too fe,v pron1inent specific characters to satisfy me 
of the present propriety of giving thorn a specific name. 

]fAlHILY . PHYSID.LE. 
GENUS PHYSA Draparnauc:l, 1801. 

Physa Bridgerensis 1\feek. "? 

Plate XXI, 1ig. 2 a. 

Physa Bl'idgerensis 1\l~eek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 51G. 

The collections contain a nurnber of in1perfect examples of a species of 
Physa, which seem to belong to J>. Bridgerensis l\feek, the type-specinwns of 
which he obtained from Tertiary strata at Church Buttes, fourteen miles 
from Fort Bridger, Wyon1ing Territory. They, however, present sonte 
differences 'vhich may prove to be of specific importance. The following 
is the substance of Mr. 1\leek's description, which I use because none of our 
specimens shows all the details n1entioned by him with clearness, although 
they are sufficient for . the identification of the species. The specinwn 
figured, while it presents the surface-markings and the character of the spire 
with more clearness than any of the others, is not so large nor quite so ro­
bust as most of the other examples are. ''Shell large, su bovate; spire promi­
nent, conical; volutions from four and a half to five, moderately convex; last 
one large, but not ventricose; suture ·well defined; aperture narro·w-snb­
ovate, arcuate, acutely angular above, and about twice as long as the spire ; 

columella twisted ir1to a rather prominent fold; surface with fine sharp 
lines of growth." . 

Position and locality.-Strata of the Tertiary period ; San Pete Valley, 
Utah. 
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· Physa pleromatis White. 

Plate XXI, fig. 1 a and b. 

Shell large, ovoid, ventricose; test thin; spire short; whorls five or 
six, moderately convex, last one inflated; suture distinct, somewhat iln­
pressed ; aperture narrowly subovoid, slightly arcuate, its length nearly 
equal to three-fourths that of the shell ; columella a little t'visted, so as to 
produce a slightly prominent fold. Surface rather smooth, but marked by 
the usual lines of growth. 

Length, _thirty-two. millimeters ; greatest breadth, twenty-two milli­
meters. Some fragments indicate that the shell often reached a still greater 
SIZe. 

This species differs from P. Bridgerensis Meek in its more robust form, 
shorter spire, more ventricose outer whorl, and in having the upper part of 
its aperture less acutely angular. It closely resembles_ the recent species 
P. Sayi Tappan, but the outer whorl of our shell is rather n1ore ventricose 
and the aperture proportionally narro'wer, especially its anterior portion. 

Position and locality.-Tertiary strata ; Last Bluff, Utah. 

SUBORDER GEOPBILA. 

FAMILY HELIOIDlE. 
GENUS HELIX Linnreus, 1758. 

Helix Leidyi Hall and Meek. 

Plate XXI, fig. 3 a, b, and c. 

Helix Leidyi Hall and Meek, 1856, Mem. Amer. Acad. Arts and Sci., v, new series, 3!J4. 

Shell rather large, ~ubglobose in form; spire moderately elevated; 
volutions about six in mature shells, ventricose, especially the outer one; 
suture distinct, that of the outer volutions more or less impressed; un1bilicus 

sn1all, probably nearly closed; aperture oblique, broad-subovate in outline; 

outer lip apparently, reflexed; surface marked by very numerous uniforn1, 

distinct, closely-arranged lines of growth and also by occasional shallow 
1vrinkles. 

Position and locality.-· The type-specimens of I-Iall and }leek 'vere 

obtained from the Eocene rrertiary strata, near the head of Bear Creek, 
Mauvaises Terres, Nebraska. Ours 'vere collected at Moo-se-ne-ah Peak 
and Pownsagunt Plateau, Utah. 
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SUBCLASS DICECA. 

ORDER PEC1,INIBRANCHIATA. 
SUBORDER TlENIOGLOSSA. 

FAMILY MELANIID~. 

GENUS GONIOBASIS Lea, 1862. 

Goniobasis tenuicarinata Meek and Hayden. 

Plato XXI, fig. 10 a and b. 

Melania tenuicarinata Meek nnd Hayden, 1857, Proc. Acad. Nat. Sci. Phila., 136. 

Shell conical, turreted, moderately elongate; apex somewhat acute; 
volutions six or seven, convex, but the upper portion of the outer side is a 
little flattened obliquely; suture deeply impressed; aperture ovoid, obtusely 
angular at the po~terior part, where the outer lip joins the inner one; 
outer lip sinuous, somewhat prominent below the middle; columella slightly 
curved·; surface marked by the usual regular lines of growth, and also 
along the middle of the volutions by elevated revolving lines, which vary 
in nun1ber and distinctness in different shells, but in all they are obsolete 
near the apex. The upper one of these lines is constantly more prominent 
than any of the others, its prominence sometin1es being sufficient to give a 
somewhat tabulated appearance to the upper part of the whorls; the next 
most prominent line is a little below the one just mentioned, and in some 
shells these t'vo only are to be distinctly seen; in other shells the whole 
su1face below these two is marked by other similar but a little less distinct 
revolving lines. 

Length of the largest example in the collection, sixteen millimeters ; 
breadth of body-whorl of the same, nearly eight n1illimeters. 

Position and locality.-Strata of Tertiary age ; Wales, Utah. 

Goniobasis tenera Hall, sp. 

Plate XXI, fig. 11 a, b, aml c. 

Oerithium tenermn Hall, 1845, Ex pl. Exp. Oregon and N ortbern California, 308. 

Shell turreted, very slender; volutions about twelve, moderately con­
vex, longitudinally plicate; suture impressed; aperture suboval, considera­
bly extended forward; columella curved ; outer lip thin. 
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The longitudinal plications vary somewhat in character and distinct­
ness in different shells and also in different parts of the same shell ; they 
are smaller and more numerous upon the small volutions, and become large, 
distant, and prominent on the larger ones; all are curved a little outward 
and forward, none having the exact direction of the axis. 

The surface of the shell is marked by numerous small, raised, revolv­
ing lines, which are more prominent, and sometimes even slightly spinous, 
where they cross the longitudinal plications. 

Length of the largest specimen in the collection, thirty-two millime­
ters; breadth of the last volution, nine millimeters. 

This shell closely resembles the figure given by Hall of G. tenera 

(=Cerithiurn tenerurn Hall, Expl. E?CP· Oregon and Northern California, 308), 
and is, not without some hesitation, referred to that species. 'fhere is, 
however, great variation among the related fonns of this genus, as found in 
the Tertiary rocks of that part of the country, and satisfactory specific dis­
crimination is often itnpracticable. 

Posit,ion and locality.-Strata probably of Eocene Tertiary age ; head 
of Soldier's Fork, Utah. 

* Goniobasis N ebrascensis Meek and Hayden. 

Plate XXI, fig. 9 a, b, and c. 

Goniobasis Nebt·ascensis Meek and ·Hayden, 1856, Proc. Acad. Nat. Sei. Pbila., 124. 

Shell pointed-subovate, elongate; spire moderately elevated, conical; 
volutions five to seven, depressed-convex; ·suture distinct, impressed; aper­
ture subovate, narro.w behind, abruptly rounded in front; outer lip sinuous, 
son1ewhat prominent toward the front; columella curved. 

Surface marked by the usual fine lines of growth, and also by a number 

of more or less distinctly raised revolving lines, which are more distinct 

upon the middle of the volutions than elsewhere; one line about the 1niddle 

of the vohition is usually a little more prominent than any of the others, 

which gives it an angulated or subcarinate appearance. 
Length of the largest example in the collection, seventeen millin1eters ; 

jf.The general form of this shell differs somewhat from the typical forms of Goniobasis, and approaclles 
~:~omowhat that of Lioplacodes; but, so far as I have boen able to observe, the aperture is much more 
nearly liko that of the former genus than the latter. 
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breadth of body-volution, nine .millimeters; apical angle varying from forty 
to forty-five degrees. 

Posit,ion and locality.-The·type-specimens of Meek and Hayden were 
obtained from Tertiary strata, near Fort Union. Ours are from strata of the 
san1e period, Wales, Utah . 

. FAMILY VIVIPARID~. 
GENUS VIVIP ARUS Montfort, 1810. 

Viviparus trochiformis Meek and Hayden. 

Plate XXI, fig. 4 a, b, and c. 

Paludina trochiformis Meek and Hayden, 1856, Proc. Acad. Nat. Sci. Phila., 122. 
Viviparus trochiformis Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 

. 478. 

Shell trochiform ; spire somewhat broadly conical; apex acute; volu­
tions five or six, moderately convex, marked by a greater or less number of 
slightly raised revolving lines ; the last volution angular or abruptly 
rounded below the middle; suture linear, usually indistinct, especially 
between the larger volutions, but rather 1nore distinct between those near 
the apex; aperture subcircular or subtetrahedral; lip thin, reflexed against 
the colu1nella in front, by which a sma.U u1nbilical suture or groove is pro­
duced ; . columella arcuate. 

This species presents considerable variation in form and appearance, 
and also in the character of the revolving lines; upon some examples these 
lines are few and indistinct, especially upon the body-whorl, bi1t upon 
others they are numerous, and son1etimes one or two of them are found to 
assume the character· of small carinre. 

Surface marked also by the ordinary lines of growth. 
Length, about twenty-three millimeters; breadth of body-whorl, eight­

een 1nillimeters; apical angle, about seventy-five degrees, but the spire is 
a little convex-conical. 

Position and locality.-Strata of rrertiary age at the following localities 

in Utah: Last Bluff; Ephn.timCity; south of Last Bluff; east of Joe'~ 
Valley; and at the head of Soldier's }...,ork. 

Viviparus trochiformis, var. 

Plate XXI, fig. 5, a an<l b. 

Associated with typieal forn1s of V. trochiformis at a locality south of 



TERTIARY PERIOD. 215 
~ 

La.st Bluff, Utah, ~re some that differ considerably from them. They, how-
ever, possess the general chara.cteristics of the species, a.nd are, therefore, 
rega.rded as only va.rietal examples. One of these is figured as indicated 
above. It is more elongate, sutures more distinct, and the revolving lines 
more obscure than they usua.lly are in typical exatnples. 

Length, twenty-two millimeters; breadth of body-whorl, fourteen 
millimeters. 

Viviparus ionicus White. 

Plate XXI, fig. 6 a and b. 

8hell of medium size, broadly trochiform ; spire moderately elevated; 

volutions five or six, pron1inent; inner ones convex; outer one more or 
less flat1ened upon the upper side, forming thus a more or less distinct angle 
with the rounded outer side; under side broadly rounded; suture distinct. 

Surface marked by the usual lines of growth and apparently also by 
small 1·aised revolving lines. Upon the outer volution below its middle 
there is a prominence made more or less conspicuous by the presence upon 
it of a revolving raised line. In some exan1ples _this prominence amounts 
almost to an angulation of the lower portion of the body-whorl. 

Length, about nineteen millimeters; breadth of body-whorl, seventeen 
millimeters. 

The examples contained in the collections are aJl preserved in a fine­
gra.ined sandstone and the surface-markings are not distinctly shown; but 
its broadly turbinate form and the more or less distinc.t.Jy tabulated character 
of the upper part of the body-whorl sufficiently distinguish the species. 

Position and locality.-Strata probably of Tertiary age; east side of 
Joe's Valley, Utah. 

Viviparus ? -- ? 

Plate XXI, fig. 7 a and b. 

As~ociated with the other species just described, at Wales, U tab, 
numerous examples of a small shell were obtained which are probably the 
young of a species of Viviparus or some nearly allied shell. They are 
possibly adult, but the features by which they might be specifically char­
acterized are too indefinite to justify a specific description and name before 
the a.ssociated forms have all been carefully studied. 
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ARTICULATA. 
CLASS CRUSTACEA. 

ORDER OS1'RAC()DA. 

FAMILY CYPRIDINID1E. 

GENUS CYPRIS Miiller, 1785. 

Cypris--? 

At a locality 'vest of Fairview and another at the head of Soldier's 
Fork, Utah, associated with some of the foregoing species, the minute shells 
of a species of Cypris are very abundant. They are all compressed in shale 
and too much injured to allow of a satisfactory specific determination, but 
they are probably identical with Cypris Leidyi Evans and Shumard. The 
type-specimens of that species were obtained from the '' vicinity o~ Reno 
Creek, a tributary of Teton or Little Missouri, about ninety miles from 
Fort Pierre Chouteau." 
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EXPLANATION OF PLATE I. 

Fw. 1. CnuzrANA nusncA. (Page 33.) 
a. A large but imperfect specimen. 
b. A sti1l Rmaller frngmcut., showing the manner of the breaking-up of the bodies Lefore 

they became em bedded. 

FIG. 2. CHCZIANA LINNAHSSONI. (Page 32.) 
a. Typical form of the species, showing stipe in place. 
b. Probably the same species as 2 a. 
c. Same as 2 b, side view. 

l<..,IG. 3. ACHOTHI~TA T SUDSIDUA. (Page 34.) 
a. Interior view of ventral valve, enlarged; details impaired by weathering. 
b. Interior view of dorsal valve, enlarged; similarly impaired by weathering. 
c. Profile view, showing the thickness of the shell and convexity of the valves. 
d. Internal cast of part of a dort~al valve, probably of the same species. 

FIG. 4. THE:\fATIS PANNUJ,US. (Page 36.) 
a. View of one valve, enlarged. 
b. Fragment of the same, magnified, to show character of surface-markings. 

FIG. 5. HYOLITHES PHIMOHDIAUS t (Page :37.) 
a. View of flattened or dorsal side, a little enlarged. 
b. The same, lateral view. 
c. The same, view of ventral or convex side. 
d. The same, outline of transverse section. 
e. Fragment of rock containing two specimens partly embedded. 

FIG. 6. THACKS, PHOllADLY Ol!' A $\fALl, CRCSTACEAN. (Page 49.) 
a. Natural size. 
b. The same, enlarged, showing each track to have been more than once impressed by organs of 

locomotion of similar shape and size. 





EXPLANA~_,ION OF PLA'"fE II. 

FIG. 1. AsAPHISCUS WnEELmu. (Page 43.) 
a. A full-sized individual, outlines restored. 
b. Young individual. 
c. Fragment, sllowing course of facial suture and characters of tho glabella. 
d. Individual of medium ·size, showing thorax and pygidium complete. 
e. Separate thoracic segment, enlarged. 
f. Pygidium ; crust of broad border partly removed, showing tho character of the striation 

upon its nllllor surface. 

l!""IG. 2. CONOCORYPJIE (PTYCHOPAniA) KINGII. (Page 40.) 
a. Adult individual. 
b. Young individual, showing its greater proportionate size of bead and length of cheek­

spines. 
c. Another young individual, much enlarged, showing the faint lines passing from the front 

end of each eye to the glabella; movable cheeks separated at the facial sutures. 

FIG. 3. 0LENELLUS GILBERTI. (Page 44.) 
a. Head, full~:~ize, broken outlines restored. 
b. Head, not full-grown. 
c. Head, young. 
d. Long third pleura, with remainder of thoracic segment restored. 
e. Pleura of another segment; missing parts restored. 

FIG. 4. OLENEI.LuS HowEr.u. (Page 47.) 
a. Head, fnll siz£'1 top view. 
b. The same, side view. 

FIG. 5. AGNOSTUS INTERSTRICTUS. (Page 38.) 
a. Top view, much enlarged. 
b. The same, side view. 





EXPLANA1,ION OF PLATE III. 

FIG. 1. PIIYLLOGBAPTUS LOIUNGI. (Page 51.) 
a. Sicle viow of stipe, natural size. 
b. Portion of same, enlarged, showing shape of cell-apert.ures. 

}'JG. 2. LINC.ULA 7 MANTICULA. (Page 52.) 
a. Dorsal val vo. 
b. Ventral valve. 

l•'IG. 3. ACBOTRETA PYXIDICUT-A. (Page 53.) 
a. Exterior view of ventral valve. 
b. Posterior view of the same. 
c. Sido view of the same. 
d. Dorsal valve.-All very much enlarged. 

}'IG. 4. 8TROPIIOMENA :FONTINAUS. (Page 54.) 
a. Dorsal val v.e. 
b. Ventral valve of another and smaller shell. 
c. Fragment of u, enlarged, showing bifurcation of strire and their fino crenulation. 

FJG. 5. OnTIIOCERAS (CAMAROCERAS) COLON. (Page 56.) 
a, b, and c. Different lateral views. 
d. View of the convex side of a septum, showing shape, size, and position of the siphuncle. 

FIG. 6. BEI-LEROPHON ALI-EGORicus. (Page 55.) 
a. Side view. 
b. Dorsal view. 
c. Posterior view. 

FJG. 7. LEPEHDITU lllVIA. (Page 58.) 
a. Left valve. 
b. Right valve. 
c. Vic~w of lower edge of left valve, showing the beveled border. 
d. View of lower edge of right valve, showing the position of the two pores. 

FIG. d. DICELLOCEPIIALUS 'if FLAGRICAUDUS. (Page 60.) 
a. Naturai size. 
b. The same, enlarged. 

~ .. IG. 9. :MEGALASPIS BELEMNUimS. (Page 59.) 





EXPLANArriON OF PLATE IV. 

}'IG. 1. GllAPTOLITIIUS QUADHil\lUCHONATUS f. (Page 65.) 
a. View of one side of a stipe, enlarged two diameters. 
b. Same, still more enlarged from gutta-perclm impression, showing shape of the cells. 

l•'w. 2. GnAPToLITllUS (DIPLOGHAPTUS) PRISTIS Y. (Page 65.) 
a. Nat mal size. 
b. Same, enlarged. 

FIG. 3. GHATOUTillJS HAl\IULUS. (Page 62.) 
a. Natural size. 
b. Part of same, eularged. 
c. Another part of the same, enlarged from gutta-pcrcha cast, tlJe specimen being a natural 

mold in ~:hale. 

FIG. 4. GH.\PTOUTJIUS (DIPLOGHAPTUS) IIYPNIFOIU\118. (Page 63.) 
a. Natural size. 
b. Snmc, enlarged. 

FIG. 5. 1\IoNTJCUUPOHA DALII. (Page ~6.) 
a, Side view of stem, sllowing its broken end. 

FIG. G. FAVISTEI.LA STEI.I.ATA. (Page 67.) 
a. Top view, natural size. 
b. Side view of cells, slJowing longitudinal striation of the walls. 
c. Single cell, enlarged, showing rays. 

FIG. 7. LEPTJENA SEIUCEA f. (Page 70.) 
a. Interior view of dorsal valve. 

-~ FIG. 8. STHOPIIOl\IENA I~ILLITEXTA. (Page 69.) 
a. Interior view of ventral valve. 

FIG. 9. 0HTIIIS DIFOHA'l'A var. LYNX. (Page 74.) 
a. Ventral valve. 
b. Another ventral valve, llaving hinge-line shorter, and mesial sinus deeper at front than 

usual. 

FIG. 10. 0RTIIIS PLICATELL,\ 9. (Page 72.) 
a. Exterior of ventral valve. 
b. Interior of dorsal valve. 
c. Interior of anotlJet· dorsal valve, enlarged. 
d • . Fragment, enlargetl, showing concentric striro. 

FJG. 11. 0HTIIIS OCCIDENTAUS. (Puge 70.) 
a. Ventral valve, exterior view. 
b. Dorsal valve, exh•rior view. 

J.'IG. 12. TIIIYNCIION.ELT,A AIWEXTt:IWICA, (Page 75.) 
a. Dorsal view. 
b. Ventral view. 
(\ Sido vi ow. 
(1. Front view. 
r. Frngmcnt., cn]argrd, showing coneentric, rniErd lines. 

Fw. t:t H.\PIITSTD:\JA Tnocnrscus. (Pngo 77.) 
a. Top view. 
b. Umbilical view. 
c. Si(lo view. 





EXPLANAT'ION OF 'PLA1.,E V. 

l!~IG. 1. ACTINOCRINUS VIATJCUS. (Page 82.) 
Basal view; partly embedded in stone. 

l!'IG. 2. PLATYCHINUS --7. (Page 81.) 
Side viow; partly embedded in stone; tho radial plates in part restored. 

l! ... IG. 3. GnANATOCRINUS J.OTOBLASTUS. (Page 80.) 
a. Sido view, enlarged. 
b. Basal view of same. 

FlU. 4. FAVOSlTES DIVERGE~•s. (Page 7D.) 
. a. Top view, showing form of tbe cells. 

FJ(}. !>. STJ:OI'IIOl\JENA JliiOl\IUOti~ALIS. (Page 85.) 
Ventral valve, partially exfoliated. 

l"'G. G. PJ:ODUCTUS PAHVUS. (Page 83.) 
a. Front view of ventral valve. 
b. Side view of tbc satue. 

FIG. 7. SrJI:IFim (l\IAH'fiNIA) PECULIAIUS. (Page ~0.) 

a. Veutral valve. 
b. Side view of tbe same. 

FIG. 8. SrmiFim CENTI;ONATUS. (Page 86.) 
a. Dorsal view. 
b. Ventral view of tbe same. 
c. Lateral view of the same. 

FIG. 9. SI'IIUFEU (SYI:INGOTHYms) l~XTENUATUS. (Page 88.) 
a. Ventral view. 
b. Dorsal view of the same. 
c. }'ront view of the same. 
ll. Posterior view of tbe same. 

Fw. 10. Sl'JI:IFER STJUATUS. (Page 88.) 
a. Exterior view of ventral valve. 

i<'r~:. 11. SPIJnGJmA 1\IONTJCOLA. (Page Ul.) 
a. Dorsal villw. 
b. Ventral view oftlw same. 
r. Lat('ml view of tho same. 
(1. Front view of tllc same. 

FIG. 1:.!. SPJI:JGEJL\ 01\:\JAXDL\. (Page 92.) 
Tllc part to t llc left of the obliqnc line has been restored by usc of fragments of other 

cx:unples. 

Ji'm. t:t EUO:\Jl'IL\LUS LUXUS· (Page !14.) 
a. Top view. 

b. IJntcrnl view of another example. 





EXPLANATION OF PLATE VI. 

FIG. 1. LITIIOSTROTION WHITNEY!. (Page 103.) 
a. Mass of embedded corallites, natural size. 
b. Longitudinal section of a corallite, showing vesicles, tabnlro, and, in part, the columella. 
c. A similar section, made a little to one side of tho columella, so that tho tabnlru seem to be 

plain. 

FIG. 2. Cn2ETETES 1\IILLEPORACIWS. (Page 98.) 
a. Side view of broken specimen, showing capilliform tubes. 

FIG. 3. ZAPHRENTIS EXCENTHICA. (Page 101.) 
a. Side view, Rhowing a part of the calyx, the greater part being broken away. 

FIG. 4. LOPIIOPHYI.LUM PHOLIFERUl\1 var. SAURIDENS. (Page 101.) 
a. Side view of rather large example. 
b. Longitudinal section of the same, the calyx filled with stony material. 
c. Transverse section of a corallnm, just below the calyx. 
d. Broken example, showing the manner in which the outer portions separate from the 

columella. 
e. Typical example of L. proliferurn from Springfield, Ill. 

FIG. 5. RHOMBOPORA LEPIDODENDROIDES~ (Page 99.) 
a. Fragment of a corallum, natural size. 
b. Part of the same, enlarged. 
c. Small part of the same, still more enlarged. 
d. Portions of silicified stems, having calcareous cores. 

FIG. 6. FUSULINA CYLINDRICA. (Page 96.) 
a. Elongate form, natural size. 
b. Subglobose form, natural size, a little broken at each end. 

FIG. 7. AnCH1EOCIDARIS ORNATUS. (Page 104.) 
a. Side view of one of the principal spines. 

:FIG. 8. ARCII1EOCIDAIUS TRUDIFER. (Page 104.) 
a. One of the principal spines, rather above average size. 
b. Intcrambulacral plate. 





EXPLANATION OF PLArrE VII. 

FIG. 1. PHODUCTUS PBATTENIANUS. (Pago 113.) 
a. Ventral view of a large example. 
b. Side viow of an avcr:J,ge-sized example. 
c. Posterior view of tlte same. 

:FIG. 2. Pr:ODUCTUS PUNCTATUS. (Page 114.) 
a. Ventral view of a typical example from Iowa. 
b. Dorsal view of tho same. 
c. Lateral view of an example distorted by pressure. 

FIG. 3. SYNOCLADIA niSERIALIS. (Page 107.) 
a. Portion from near the base of tho polyzoary, natural size. 
b. Portion of another example, enlarged, showing pores (after Meek). 
c. Enlarged view of a specimen split through all the cells, showing them to be larger below 

than they are at tho apertures. 

FIG. 4. POLYPOBA STRAGULA. (Page 108.) 
a. Fragment from uear the base of the polyzoary, natural size. 
b. Portion of the same, enlarged, showing the pores. The rows of pores as shown iu the figure 

are too distinct vertically, and not enough so obliquely. 
FIG. 5. GLAUCONo;\IE NEREIDIS. (Page 105.) 

a. Fragment of a polyzoary, a little enlarged. 
b. Part of the same, more enlarged. 
c. A portion, still more enlarged, showing the dimorphous pores. 
cl. View of non-poriferous side, a little enlarged. 
c. Same, more cnlargecl. 





EXPLANATION OF PLATE VIII. 

FIG. 1. PRODUCTUS SEl\1IlmTICUI.ATUS var. IVJ•:SII. (Page 111.) 
a. Ventral view of specimen of ordinary size. 
b. Lateral view oft be same. 
c. Dorsal view of a typical example of P. semirtJficulatus from Soutl•ern Iowa; introduced for 

comparison. 

~.,IG. 2. PHOD!JCTUS COSTATUS. (Page 109.) 
a. Ventral view of a typical example of tho American form of this species. 
b. Dorsal vi ow of the same. 
c. Ventral view of another example. 
d. Lateral view of the same. 

FIG. 3. PHOJ>UCTUS NEBHASCENSIS. (Page 116.) 
a. Typical example from Nebraska, ventral view. The spines are represented a lit.tle too 

coarse in the fignres. 
b. Dorsal view of the same. 
c. Partially-exfoliated example from near Santa ~ .. e. 
d. Lateml view of the same. 

l''IG. 4. PHODUCTUS MUIUCATl'S. (Page 120.) 
a. Ventral view of a r•al'tially-cxfoliated example. 
b. Posterior view of t.he same. 
c. Lateral view of the same. 

FIG. 5. PRODUCTUS LONGISPINUS. (Page 118.) 
a. Ventral view of a typical form of tho American sbeil. 
b. l>orsal view of tho same. 
c. Ventral view of a variety from near Santa Fe. 
cl. Dorsal view of the same. 

FIG. 6. PRODUCTUS 1\iEXICANUS. (Page 120.) 
a. Ventral view of a specimen from Nevada. 
b. Lateral view of tho same. 
c. Posterior view of the same. 





EXPLANATION OF PLA':rE IX. 

FIG. 1. IhiYNC:IIONELLA RoCI{Yl\IONTANA. (Pago 131.) 
a. Ventral valve, having only two plications in the sinus. 
b. Another ventral valve, having four plications in tho sinus. 
c. Lateral view of another example. 
d. Front view of t.he same. 

FIG. 2. H.IIYNCUONm,LA UTA. (Page 128.) 
a. Ventral view of a largo example. 
b. Dorsal view of the same, partially restored. 
c. Lateral view of the same. 

FIG. 3. RHYNCIIONELLA ~ WASATCIIENSIS. (Page 130.) 
a. Ventral view of an example from the Wasatch range. 
b. Dorsal view of the same. 
c. Lateral view of the same. 
d. Front view of the same. 

FIG. 4. MEEimLLA 'STIUATOCOSTATA. (Page 126.) 
a. Ventral view of a globose form from Southern Iowa. 
b. Front view of the same. Convergence of striro near the margins of the valves imperfectly 

shown in th13 figure. 
c. Lateral view of the same. 
cl. Ventral view of expanded variety. 
e. Posterior view of the same. 

FIG. 5. 0RTTIIS PECOSII. (Page 125.) 
a. Ventral view of an example a little above average size. 
b. Dorsal view of the same. 
c. Lateral view of the same. 
d. Posterior view of the same. 
e. Dorsal view of a smaller example. 

FIG. 6. CHONETES PLATYNOTA. (Page 121.) 
a. Ventral view of an averaged-sized example. 
b. Dorsal view of tho same. 
c. Interior of a ventral valve, enlarged. 
d. Posterior view of areas, enlarged. 
c. Vertical section along the median line, enJa:rged. 

l•'IG. 7. CIIONF.'l'ES l\mSOLOBA. (Page 123.) 
a. Ventral view, enlarged. 

}<'IG, 8. CHONETE~ GIL\NULIFERA. (Page 122.) 
a. Ventral view; hinge-line less extended than usual. 
b. Ventral view of another example. 
c. Dorsal view of tho sa mo. 





EXPLANA.TION OF PLATE X. 

FIG. 1. SrmiFim c.nmn.\TUS. (Page 132.) 
a. Dorsal view of an example from ncar S:tut:t Fe. 
b. Similar view of anotlier example from Northcru Missouri. 
c. Ventral view of the sa;:oc. 
d. LatL·ral view of th, s:tmo. 

:FIG. 2. Sl'Il:IFElt (1\lAHTI~IA) GLABEH var. CO~TIL\CTt;S. (Page 1:3G.) 
a. Ventral view of au cxamplt', Ul'ar average size. 
b. Do1s.ll view of tilu same. Tho ,..pecinu·11 has ueen a little compressed. 
c. LattraJ view of a large example; tt little dit~torted hy growth. 

'FIG. 3. SPIIUFBI"t (1.\L\RTI~IA) PLANOCO.NVEXUS. (Page 135.) 
a. Ventral view of a s"pecimen, enlarged. 
b. Dorsal view uf tho same. 
c. Lateral view of tlle same. 

FIG. 4. 8PIIUFEHI~A KENTUCKENSIR. (Page 138.) 
a. V cntml view of a specimen, enlarged; one hinge-extremity naturally longer than the 

other. 
b. Posterior view of tile same. 
c. Dorsal view of anotller example. 

FIG. G. ~l'llUGEHA PLANOSULCATA. (Page 14:3.) 
a. V cutral view of average size of those contained in the collections. 
b. Dorsal view of the sarue. 
c. La.tcml view of the same. 
d. Dorsal view of another example. 

FIG. 6. SrmiGimA SUBTILITA. (Page 141.) 
a. Ventral view of an example of ordinary size and form. 
b. Dorsal view of an example proportionally shorter. 
c. Lateral view of the same. 

FIG. 7. R·:TZIA :\Wlt:\WNII. (Page 141.) 
a. Vent.ral view of an example of onlinary size. 
b. Dor~:~al view of the same. 
c. Lateral view of the same. 

FW. H. SPUUFERI.NA OCTOPLICATA. (Page 139.) 
a. Ventral view of au example a little l>-3low average size. 

· b. Ventral view of ttnotlHw cxa~nple ;'test removed by exfoliation. 
c. Front view of the t~anH'. 

FIG. 9. II~<::'IIIPHONITI~S CJUNISTIUA. (Page 124.) 
a. Dorsal view of an example somewhat compressed. 

FIG. 10. UtlYNCIIONELLA l\IET.\LLICA. (Png~ 129.) 
a. Ventral view, natural size. 
b. Dorsal view of tile same. 
c. Lateral view of tho same. 
d. Front view of tho same. 





EXPLANArriON OF PLATE XI. 

:Fm. 1. ~VICULOI>ECTEN COREYA~US. (Page 147.) 
a. Left valve, a natural cast; the test wanting. 
b. Left valve of similar character, somewhat distorted by pressure. 

FIG. 2. AVICULOPECTl':N lWCoYI. (Page 149.) 
a. Left vah·e. The example is incomplete, hut the full size of the ears is either shown or 

indicated. The free border should he extended about one-third more for ears of that 
size. 

Fm. :J. .AviCULOI>ECTEN g I.NTEHLINEATUS. (Page 149.) 
a. Left valve. 

FIG. 4. Moxornmu ~IAIUAN. (Page 151.) 
a. Right valve. Some examples show a little ~renter proportionate elongation1 and some have 

tho median angle raised into a distinct carina. 
11. Front view, ~;bowing lunule. 
c. Frngment of surface enlarged, showing strire of growth. 

FIG. f>. PI~.NA l'EHACUTA '? (Page· 151.) 
a. Fragment of the right valve. 'fhe outline shows the E~uppo~ed shape of the whole.valve 

l!,lG. 6. 8CillZODUS WHEELER!. (Page 154.) . 
a. Right valve, of about ordinary size. Natural cast; the test wanting. 
b. J ... eft valve, in a similar condition. 

FIG. 7. BAKEVELLIA l'ARVA. (Page 153.) 
a. Left valve, enlargeu. From New Mexico. 
b. Lt'ft valve, enlarged. l•,rom Arizona. Probably of the same species as the other. 

FIG. H. MYALINA '! SWALLOVI. (Page 152.) 
a. Natural cast of left valve, natural size. 

FIG. 9. SPnmmrt nocKY.:\IOSTA.NUS. (Page 134.) 
a. Ventral view of a specimen of ordinary size. 
b. Dorsal view of the same. 
c. l-ateral view of the sam<'. 
cl. Dorsal view of another example, having plications a 1it.t.Ic more angular. 

Fm. 10. 1'EHEllHATUI,\ (DmLAS!\fA) novmEN~. (Page 144.) 
a. V cntm l vh•w of more than nsna11y elongate example. 
b. Dorsal view of tho same. 
c. I-aternl view of the same. 





EXPLANA'riON OF PLATE XII. 

J•'JG, 1. llELLEHOPIION CIUSSUS. (Page 157.) 
a. Dorso-lateral view. 

FIG. 2. Eum.n'IL\LUS I'ImNonosus. (Page 15o.) 
a. View of upper side. 
b. Umbilical view, showing the nodes. 

J<'w. 3. l\1.\CI:OCIIBILUS ANGULIFEIHJS. (Page 160.) 
a. A largo example, having tho anglo unusually prominent and distinct. 
b. Another view of the same. 
c. A smaller example; tho angle loss distinct. 
d. Another example, with anglo distinct. 
e. Young example, in which the anglo is hardly perceptible. 
f. Another example, in which the flattened upper side of the ~1uglo is very narrow. 

J<'IG. 4. NATICOPSIS NANA. (Pago 159.) 
a. Example from Nevada. 
b. Another view of tlJo same. 

FIG. G. PLATYCERAS NEBRASCENSE. (Page 159.) 
a. An cxnmplo from tlJe t~·picallocalit.y in Ncl1ruska,. 
b. Another view of the sanie. 
c. An exampio f~;om near Santa Fe, N. Mex. 
d. Another example, with angle di8tinct. 
e. Another view of the same. 

FIG. u. DENTALIUl\I CANNA. (Page 156.) 
a. A large example; tlJe outline showing the supposed full form. 
b. A mold of part of the surface, showing the minute longitudinal strire. 

FIG. 7. Au.omSl\IA srmCUNI~ATA var. (Page 155.) 
a. Left valve. 
b. Front view. 

l•'IG. 8. AVICPLOPECTEN OCCIDENTALIS. (Page l4G.) 
a. Left valve. 
b. Right valve. Tbe specimen wus imperfect. TIJe body of the shelt should be at least one 

third larger for ears of the size represented in the Jignre. 





EXPLANATION OF PLArrE XIII. 

FIG. 1. NgmTIXA ~ PIIASEOLAniS. (Page 167.) 
a. View of upper side of example of medium size. 
b. Lateral view of the samP. 
c. View of the under side of the same. 
d. Small example, showing the sma11 fold nga.iubt tho spire. 
c. Large example, sho~ing the aforenamed fol<l, and also the ol.Jtuse revolving angle. 

FIG. 2. CA:\IPTO:NECTES STYGIUS. (Page 164.) 
a. Adult example, right valve. 
b. Small example, interior ofright valve. 
c. Same, enlarged. 

FIG. 3. 0STHEA STniGILIC'GLA. (Page 1G3.) 
a. Exterior of the deeper valve, natural~:~ize, suowiug scar of attachment. 
b. Lateral view of the same. 
c. Iuside view of the same, showing parts about tuc hinge. 
d. Interior view of the upper valve. 

FIG. 4. !NOCERAl\IUS CHASSALATL'S. (Page 16G.) 
a. Rigut valve, the largest in the collections. 
b. Another example, right valve. 
c. Left valve, natural cast, showing the faint auricular furrow. 

Fro. ;,, l\IYoPIIOHIA A:\IBILINJ<~ATA. (Page 166.) 
a. ~ight valve, natural size. 
b. Tue same, enlarged. 

FIG. 6. PENTACniNUS ASTERISCUS. (Page Hi2.) 
a. Articular face of a segment of the coluum. 
b. Portion of a column, showing the alternating larger and smaller segments. 

CRETACEOUS. 
FIG. 7. PINNA l'ETIUNA. (Page 182.) 

a. Right valve, natural size. 
b. Transverse section of the shell a little Lehiml tlw mitllength. 





EXPLANATION OF PLATE XIV. 

FIG. 1. EXOGYRA PONDEROSA. (Page 172.) 
a. Exterior view of the larger valve; less than average ac:lnlt size. 
b. Interior view of the same. 
c. Longitudinal section of the same, sllowi ng thickness of test. 

FIG. 2. 0STREA PRUDENTIA. (P~ge 171.) 
a. Exterior view, natural size, of the lower or more capacious valve, showing very small scar 

of attachment. 
b. Exterior view of upper valve ofthe same, showing small prominent. beak. 
c. Interior view of upper valve. 
d. Interior view of lower valve. 





EXPLANATION O"F PLA'rE XV . 

.FIG. 1. lNOCERAl\IlJS DEFOH:\IIS. (Page 179.) 
a. Exterior view of left valve, showing portion of tho test. 
b. Section of the test of a. large example, showing its prismatic st,rnctnre anll grea.t thicken 

ing at the borders. 

FIG. 2. 0STHI~A CORTEX. (Page 170.) 
a. Exterior of upper va.l ve. 
b. Interior of tho same. 
c. Interior of lower valve, showing hinge a.nd a.rea. 

FJG, 3. INOCEHAl\IUS FRAGILIS. (Page 17tl.) 
a. Rigbt valve. 

Fta. 4. LINGUI~A. SUBSPATULA. (Page 1G9.) 
a. Dorsal valve. 

FIG. 5. Stmrur.A IN1'JUCA. (Page 20.J.) 
a. Example, twice enlarged, showing unusual cont.ortion. 





EXPLANATION OF PLATE XVI. 

J!'IG. 1. INOCEHA~lUS FLACCIDUS. (Page 11~.) 
a. Left valve, natural size, but some examples arc larger. 
b. Interior view of beak anc.llJingc, right valvr. 

FIG 2. INOCEHAl\IUS Dll\liDIUS. (Page 181.) 
a. Left valvt•, ordinary natural ~:;izn. 
b. Right vah-e. Part of the shell witlwnt conccutric folds. 
c. Front vie\v; showing coDvcxity of botlJ valves. 
cl. Left Yalvt>, showiug nnnsnally small concentric foltls. 

Fw. 3. hwcEBAl\tus PnonLEl\IATices. (Page 177.) 
a. Left valve. 

FJG. <1. l.NocgJ:Al\IUS DAHABINI. (Page 180.) 
a. Left valve. 





EXPLANATION OF PLATE XVII. 

FIG. 1. GHYPHEA PITCIIERI var. (Page 171.) 
a. Interior view of the convex or lower valve. 
b. Exterior view of the same. 
c. Lateral view of tl.w same, showing the curvature. 
ll. Less elongate example of a convex valve. 
c. Exterior of upper or fiat valve. 
f. Interior of the same. 

FIG. 2. EXOGYHA LlEVIUSCULA. (Page 173.) 
a. Lateral view of a moderately large example. 
b. Inner view of tt smaller example. 
c. Lateral view of the same. 
£~. External view of the same. 

J!'IG. 3. EXOGYRA COSTATA var. FLUMINIS. (Page 174.) 
a. Lateral view of the largest example in the collection. 
b. Dorsal view of the same. 
c. View of tho fiat valve connected with the deep one. 
il. Exterior view of small example. 

l<'rG. 4. LmA WACOENSIS. (Page 176.) 
a. Right valve, natural size. 
b. Left valve of another example. 
c. Lateral view of the same, showing its convexity. 

FIG. !"'1, CA:\lPTO~ECTES PLATESSA. (Page 176.) 
a. Right valve. The surface-markings mostly removed, and the radiating strim a little too 

strong in the figure. 

Fw. G. 1\IACTRA f INCO.:\IPTA. (Page 183.) 
a. Right valve, enlarged one-half. 
b. Dorsal view of the same example. 

FIG. 7. ConnULA NEMATOPIIOHA. (Page 188.) 
a. Right valve, external view, enlarged. 
b. Left vaho, external view, enlarged. 
c. Right val vo, interior view, showing bingo. 





EXPLANATION OTt PLA':rE XVIII. 

FIG. 1. CARRIOPE WIIITJ?IELDI. (Page 19G.) 
a. Lateral view, showing tho umbilicus. 

]i'I<J. 2. LTRPODI~STRES LINGULIFEHA, (Page 192.) 
a. Specimen enlarged; callus and test mostly exfoliated. This, l10wcvcr, shows the volutions 

of the spire and the posterior canal, which woulu otherwise be hidden. 
b. Outline of the same, natural size. 

FIG. :l. LISPODESTHES NUPTIALIS. (Page 192.) 
a. Specimen, uatnral size; test partially exfoliated. 
b. Same, enlargeu. 

FIG. 4. ANCHURA ~ J?USIFOHMIS. (Page U:IO.) 
a. Nat ural size; test mostly removed by exfoliation. 

FIG. 5. ADMETOPSTS GREGARIA. (Page 19tl.) 
a. Natural size, showing aperture ancl folds of the columella. 
b. Another example, enlarged. 

FIG. 6. E ULIMELLA l•'UNICULA. (Page 197.) 
a. Specimen, a little enlarged, showing aperture and straight columella. 

FIG. 7. NEinTINA (VELATELLA) CAHDITOIDES. (Page 189.) 
a. View of upper side, natural size. 
b. Lateral view of the same. 
c. View of under side of the same, showing the broau inner lip. 

FIG. 8. ANISOMYON CENTRAI.I~. (Page 194.) 
a. Upper view of natural cast of the interior; summit broken off. 
b. Lateral view of the same. The specimen has been somewhat compressed vertically. 

FIG. !), ANISO.MYON DOHEALIS. (Page 193.) 
a. Summit view. 
b. Lateral view of the same. 

FIG. 10. TURBONILLA (CHE:\INITZIA) MELANOPSIS?. (Page 197.) 
a. Portion of the spire of an imperfect example. 

FIG. 11. TumTELLA UVASANA. (Page 195.) 
a. Example of ordinary size, broken at both euds. 
b. Portion of the surface of the last volntion of the same. 

FIG. 12. LUCINA SUllUNDATA. (Page 184.) 
a. Right valve . 

.FIG. 13. !DONEAHCA DEPHESSA. (Page 183.) 
a. Right valve. 
b. Dor8al view of the same cxamplP. 

Fw. 14. L1•~IOPISTIIA (PsiLO:\IYA) MEEKII. (Page 181).) 
a. Natural cast of right valve. 
1J. TI.ight valve, showing pal't of tho fine surface-markings. 
c. I~ eft val vc. 
d. Front view of a. 

FIG. 15. LEIOPISTII.\ (CniELLA) UNDATA. (Pngo 1H7.) 
a. View of left valve. · 





EXPLANA'riON OF PLArrE XIX. 

FIG. 1. AMMONITES L<EVIANUS. (Page 201.) 
a. Side view, the outer cba,mber partly broken away. 
b. Portion of the plan of a septum. 

FIG. 2. HELICOCERAS PARIENSE. (Page 203.) 
a. Upper view of part of one volutiou. 
b. Dorsal view of part of the same, showing double row of nodes. · 
c. Transvert~e section of the latter through the nodes. 
d. A similar section made between the nodes. 

PIG. ::l. SCAPHI'l'ES W ARRENI. (Page 200.) 
a. Imperfect example, showing only part of tho last turn. 

FIG. 4. BACULITES OVATUS. (Page 199.) 
a. Outline of transverse section of outer chamber, near the last septum. 
b. Small example from near Paria, Utah. 
c. 'fransverse section of 1he same. 

FIG. 5. BACUUTES OVATUS var. (Page 200.) 
a. Fragment of the chambered portion. 
1J. Transverse section of the same example, about midlength. 
o. Plan of one of the septa. 





EXPLANATION OF PLATE XX. 

l<'w. l. HtJCIIICEUAS SW.\LLOVI. (Page 202.) 
a. Si<l"' view, full Hizo, except that abo~t oue.half of the outer chamber has been broken 

away. 
b. Front view of the same. 
c. Plan of septum. 





EXPLANATION OF PLATE XXI. 

FIG. 1. PBYSA. PLEROMATIS. (Page 211.) 
a. Example from Utah. 
b. Another VIew of the same. 

FIG. 2. PHYSA BRIDGERENSIS. (Page 210.) 
a. An example rather less robust than tho· typical forms. 

FIG. 3. HELIX LEIDY!, (Page 211.) 
a. A natural cast, the test being entirely removed. 
b. Another view of the same. 
c. An example showing the surface-markings of the test. 

I.<~IG. 4. VIVIPAIWS TROCIIIFORl\IIS. (Page 214.) 
a. Typical form; a medium-sized example. 
b. Another example. 
c. Another, showing the apex quite complete. 

FIG. 5. VIVIPAHUS TUOCIIIFORliiS Yar. (Page 215.) 
a. Medium-sized example, showing aperture. 
b. Opposite view of the same. 

FIG. G. VIYIPARUS IONICUS. (Page 215.) 
a. Upper view of rather small example. 
b. Side view of the same. 

FIG. 7. VIVIPA.RUS? -- Y. (Page 215.) 
a. Side view of example of ordinary size, enlarged. 
b. Opposite view of the same. 

FIG. H, PLAXORBIS UTAIIENSIS. (Page 200.) 
a. Upper view of specimen, adult size. 

FIG. 9. GONIODASIS NEDRASCENSIS. (Page 213.) 
a. Example with revolving lines more than usually distinct. 
b. Another example, differently and more faintly lined. 
c. Another, still differently lined.-All natural size. 

FIG. 10. GONIODASIS TENUICARINATA. (Page 212.) 
a. Example with two carinre. Also showing nearly full form of aperture. 
b. Another with carinm more than usnally distinct and numerous. 

FIG. 11. GONIOIUSIS TENEHA. (Pa,ge 212.) 
a. A complete example, rather less than average size. 
b. Another similar example, opposite view. 
c. Another example, full average size. 

FIG. 12. UNIO VI~TUSTUS. (Page 206.) 
a. Left valv-e. 
b. Interior, right valve. 
c. Interior, left valve. 
d. Dorsal view of a parti:...lly-crushed example. 

FIG. 13. CYHENA (VELORITINA) DURKEE!. (Page 207.) 
a. Left valve, ordinary size. 
b. Hinge of right valve. 
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L E 'f T E R 0 ], T R A N S M I S S I 0 N. 

PHILADELPHIA, June 10, 1876. 

SIR: I send . he~ewith. the report on the extinct Vertebrata obtained 
in New Mexico by t~e I! nited States Geographical Surveys West of 

the One Hundredth Meridian, under your direction, during the sea­

son of 1874. By means of the provision which you placed at my dis­
posal while acting in the field as paleontologist, I was enabled to procure 
the results which are here set forth. I present you with a brief synopsis 

of these, which may be included under two heads: stratigraphical and 
paleontological. 

Of stratigraphical results, I may mention three : first, the elucidation 
of the structure of the western slope of the Rocky Mountains and the 
plateau to the·westward of them, in Northwestern New Mexico; secondly, 

the determination of the fresh-water character of the "Triassic" beds in 

that region; thirdly, the discovery of extensive deposits of the Lower 
Eocene, equivalent to the Suessonien of Western Europe. 

· The paleontological results are numerous. They are included in th<? 
determination of the faunre _of four periods, in basins which had not pre­
viously been explored, viz: in the Trias, the Eocene, the Loup Fork epoch, 
and the Postpliocene of the Sandia Mountains. '"rhe first vertebrate fossils 
ever determined from the Trias of the Rocky Mountains are included in 
the report. The first discovered were obtained by Professor Newberry 
while attached to Captain Macomb's expedition, and are now deseribed for 
the first time. · The determination of the ages of the respecti vc horizons 
necessarily follows the first determination of the fossils. 



. 
lV LETTER OF TRANSMISSION. 

An especial advantage enjoyed in the preparation of this report con­
sists in the fact that the author obtained the fossils himself, an~ is thus 
familiar with their local relations. This is a point of much importance, 
since the fragmentary condition in which the skeletons of extinct vertebrata 

are usually found, furnishes opportunities for error or doubt which greatly 

curtail the value of the work. In the present instance, the author has 

admitted no correlation <?f fragments without the clearest evidence, and, 
where any uncertainty exists, has stated it. 

The number of species of extinct vertebrata obtained during the sea-
son of 187 4 may be enumerated as follows: 

Y Triassic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Oretaceous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Eocene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

Upper Miocene (Loup Fork) . . .. . . . . . . . . . . .. . . . . .. .. . . . . 30 
Postpliocene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
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I desire to return my acknowledgn1ents for the many courtesies which 

I have experienced, during n1y connection with the Survey, fron1 yourself 
and from all of its officers ; and also to the following gentlen1en, to whom I 
an1 under obligations for assistance of various kinds: General August 
K.autz, in command at Fort Garland, Colorado; Lieutenants Blair and 

Delany and Drs. Moffatt and Collins, of the same post; also to Genera] 
Gregg, in command of the District of New· Mexico. 

I am, with much respect, 
E. D. CoPE. 

~,irst Lieut. GEORGE M. WHEELER, 
Cm·ps of Engineers, U. 8. A., in Cltarge. 



CHAPTER XI. 

FOSSILS OF THE MESOZOIC PERIODS, WITH A SKETCH OF 
THE GEOLOGY OF THE MESOZOIC AND TERTIARY 
BEDS OF NORTHERN NEW· MEXICO. 

The remains of vertebrate animals described in the following pages 
were derived from five horizons~ two of which are Mesozoic and three Ter­
tiary .. Of these, the former are the supposed Trias, and the Cretaceous of 
the Niobrara group, or No. 3 ; the latter are the Lower or Wahsatch Eocene, 
the Loup Fork beds of the Rio Grande Valley, and the Placita marls of 
"Postpliocene" age. · 

As prelin1inary to the description of the fossils, a general accou~t of 
the positions and relations of these beds is given* in the order of age. The 
fossils of the Trias are few, and were obtained on the western side of 1he 
Gallinas Mountains. Those from Cretaceous beds were n1ostly obtained 
from outcrops along the eastern base of the Rocky Mountains in Colorado. 

1.-THE MESOZOIC BEDS OP 'l'HE WESTERN SLOPE OF THE SIERRA MADRE. 

The close of Chapter II of my preliminary report to you (see Annual 
Report Chi~f of Engineer~, 1875, p. 988) describes the first appearance of the 
variegated red and yellow beds of Mesozoic age, as the exploration was carried 
from the valley of the Rio Grande to the dividing axis of the Sierra Madre. 
As these strata rise, forming large hills on the north side of the Rio Chama, 

'"'See Annual Report of the Chief of Engineers, 1875, II, p. 981, for my account 
of the geology of North western New Mexico. 



2 MESOZOIC l!'ORl\iATIONS. 

the road, rising less rapidly, passes over lower horizons, finally reaching a bed 

of hard, light, and rather coarse sandstone. At this point, the route turns to 
the northward, leaving the river, and climbs a low, long hill, whose surface is 

sandstone without soil. A few miles beyond, the sum1nit is reached, and is 

found to present a sage-brush plain, many miles in extent, which is bor­
dered by hills of remarkable beauty. To the south, the canon of the Chama, 
with the Abiquiu Peak and other mountains beyond it, bound the plain; 
while, to the east and north, the brilliantly--colored strata above described 
form a perpendicular ·wall of about five hundred feet elevation. The upper 
third or more of this preCipice is of a ~emon-yellow, the remaining and 
lower portion of a sub-vermilion-red, forming a beautiful combination. rrhe 
rock is fissured by ravines, and the intervening portions rise as huge but­
tresses of varied proportions, sometimes especially prominent near the sum­
mits, often fonning regular bastions. Near the base, certain bluish strata 
form naked mounds and hills of bad-land character; but I failed to discover 
any fossils on them. The southern face of this wall presents a tremendous 
fissure, the "puerta" of the Canon Can gil on. Our route laid through this 
defile for many miles, and we thus obtained an excellent section of the 
higher level of the region. 

The yellow beds above mentioned were described at the close of Chap­
ter III (of Ann. Rept.) as being overlaid with a shale, and this again by an 
arenaceous conglomerate. These forrnations. increase in thickness north­
ward, and near the mouth of the Canon Cangilon a bed of fractured gypsum 
appears above the shale ; the former soon becoming 25. feet in thickness, the ~ 

latter only 3 feet. Along the sides of the southern part of the canon, the 
gypsun1 forms a snow-white bed of 50 feet in thickness, overlying the walls 
of yellow and red, and its borders are cut into fissures by the atmospheric 
erosion. From these points, the stain produced by the dissolved gypsum 
forms stripes or fan-shaped shades of a beautiful mauve tint, 'Yhich gives 
these rocky walls the appearance of a changeable silk; the 1nauve repre­
senting the shadows, and the red and yellow the lights. Altogether, the 
picturesque forms, brilliant hues, and regular cleavage of the precipices 
which for miles bound this canon, form a scene of unusual beauty. The 
beds soon present a northwest dip. The gypsum descends from its elevated 
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position, and a 1nucl-brown sandstone appears on the sun1mit of the walls. 

Six or seven miles beyond the mouth of the canon, the gypsum bed is at 

the level of its bottom, forr~ing low, rounded hills at the base of the sand­

stone cliffs, which rise to a height of 700 feet. From this point, the botton1 

of the canon slowly rises between the sandstone walls, which, co1~tinuing 
their northwest clip, add perhaps 150 feet of thickness before the road 

reaches their summit-level. The road issues from the eafion on to an 

elevated country, which is covered with more grass than the regions pre­

viously traversed, with large patches of sage-brush. A short distance from 

this point, a line of low hills runs parallel to the direction of travel, with a 

northwest and southeast strike. They support groves of pinones, and 

exa1nination showed that they form the outcrop of the bed of Cretaceou~ 

No. 2, and doubtless rest immediately on the sandstone below. They con­

sist of lead-colored shales, which whiten on exposure, and contain Inocera­
mus and Ostrea in abundance. 

!-laving ·determined this horizon, I recur to those previously described 
with the vie"v of identifying them with a known standard of comparison 

viz: Doctor Hayden's section at Colorado Springs. The resemblance is at 
once seen to amount to an identity. The sandstone . of the northern half 

of the Canon Cangilon is the Cretaceous No. 1; thickness, 800 feet. Belo·w 

it, the gypsum is that usually referred to the Jurassic, 5{) feet, and doubtless 
inseparable fron1 the brilliantly-colored beds below ( 400 feet), which 

are stated by Hayden to be Jurassic beds. The hard sandstone underlying 

these is the upper n~ember of the beds that correspond to the Trias of the 
Colorado section. rrheir thickness on the Cha.ma ·wa~ not detern1ined. rrhe 

feature of this section is the increased thickness of the beds of the Jurassic 

and Cretaceous No. 1. 

Continuing the route, we reach a second line of low hills of yellowish, 

soft sandstone ·with Ostrea, probably Cretaceous No. 3, and then· descend 
into the shallow valley of Nutria Creek. Fron1 this point, the level of the 
country rises to Tierra Amarilla, which was determined by the topographers , 

to stand 7,480 feet above the sea. To the south and east of this town, high 

·hills of yellowish sandstone present escarpments to the north, which are 

apparently Cretaceous No. 3, ·and contain numerous Inocerami. The Rio 
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Chama flows two miles west of the town, in a south by west course, through 
a bed cut in the dark lead-colored shales of Cretaceous No. 2. Eight miles 

• 
northeast, an enormous vertical mass of rock rises abruptly 1,27 4 feet above 

the stream below its base, and is continued to t~e north and west in a less 

precipitous mountain-flank. This mass of rock is a land-mark over a great 

extent of country; it is cleft to the base by the canon of the Brazos Creek, 

one of the heads of the Chama. I took occasion on my return to traverse 

this upthrust, taking the trail which leads from Tierra Amarilla across the 
mountain-axis, of which it is the western border, to Conejos, on the edge of 
the Rio Grande Valley. 

The road follows the course of the Brazos River, and for some distance 
the Cretaceous beds are in sight and nearly horizontal. Near the precipice 

above mentioned, these are lifted into high hills at an angle of 70° and 80°. 
On the north side of the river, sandstones of No. 1 rise with a similar dip, 

forming the foot-hills of the mountain, which rises perpendicularly to 1,500 
feet. This mass is largely composed of a dense breccia of quartzite frag­
ments, closely cemented into a uniform rock of a general pink color, and 
not variegated. Its characteristics and position refer it with probability to 

the Trias; but I could not detect any indication of the Jurassic beds 
between it and Cretaceous No. 1. After reaching the summit, we traversed 
the upturned edges of the formation, which have a strike varying from north­
west and southeast to north and south. The elevated region now traversed 
by the trail is perhaps thirty miles in width, and is worn into rounded hills. 
The highest point indicated by the barometer is 10,400.feet. On the upper 
waters of the San Antonio Creek, high hills come into view, which have 

flat tops composed of a bed of trachyte, and their sides are often covered 
with pink and purple fragments of this rock. Within twenty miles of 
Conejos, the intervals between these hills are occupied by a heavy deposit 
of the Santa Fe marls, which, with masses of .intrusive basalt rising in irregu­
lar masses, reminded us that we had once more reached the forbidding 
scenery of the Rio Grande Valley. 

The bluffs that border the Cha1na near Tierra Amarilla are, as before 
observed, composed of the shales of No. 2, and they contain abundance of 
Ostrece and Inocerami. Near the upper part of the series, there are several 
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thin beds of a light-brown color, containing numerous broken fish-bones 
and Ostrea congesta, &c.; the appearance resembling closely fish-bearing 
shalei found by Professor Mudge near Stockton, Kans~s. From Tierra 
Amarilla, the route of my party laid southwestward. After crossing the 
river, and the bluffs which bound its immediate valley five miJes beyond it, 
the sandstone of Cretaceous No. 1 rises from beneath the Cretaceous No. 2 
'vith a ~outheast dip. In some places, it rises abruptly like the wall of a 
fault, forming vertical bluffs of greater or less elevation, facing the east. 
This axis of elevation is at this point narrow, and the sandstone is soon 
found to dip to the southwest, west, and northwest. The route continued 
for forty miles along the western base of this line of elevation, which in­
creases in importance as we proceed southward. At first, the Cretaceous 

No. 1 sandstone forms extensive barren slopes of 15 ° to 20°, constituting 
the northwest flank of the gradually-rising Gallinas Mountains; but farther 
south, where the mountain reaches it::; greatest elevation, it is steeper and 
more brok.en. 

The structure of the region west of the Sierra 1\fadre from this point 

as far as my investigation extended (fifty 1niles) is a beautiful repetition of 
that observed and described on the east slope of the Rocky Mountains, so 
far as the Mesozoic strata are concerned. 1'he mountain-axis itself exhibits 

great variations iri its su1face-formation and elevation; but the position of 
the be.ds on its flanks is remarkably ·uniform. These form a series of hog­
backs, formed by Cretaceous Nos. 1 and 3, and occasionally by harder 
beds of Nos. 2 and 4, which are separated by parallel valleys, which are 
often grassed and tin1bered, and rarely occupied by sage-brush. The most 
important of these is that lying between Nos. 1 and 3. The upper J>Ortion 
of the Chama flows through a frin1ilar valley on the eastern side of the 
Gallinas axis, and is turned aside by that "line of elevation, and then cuts 
through the beds of No.1 and the overlying formations, and finally through 
the axis of elevation farther eastwar~, reaching the Trias before entering 
the Santa Fe marls. On the western side of the axis of the Gallinas, the 
valley of Cretaceous No. 2 exhibits two points of elevation. The most 
northern is near the Rio Chmna; the southern and highest, at the head of 
the Rio Puerco. Fro1n the latter, the drainage is carried through the Gal-
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linas Creek northward, w hi.ch flows along the valley until it is turned aside 

by the rise toward the northern divide already mentioned, when it flows to 
the east through a canon of the Gallinas Mountains, and joins the Chama 

below. 
'"rhe appearance of the No. 2 valley is as follows : On the left (east), 

the barren slopes of brown sandstone rise, n1arked with regular cleavage­
fissures, from which scattered pinones gain subsistence. On the ~es~, per­
pendicular bluffs extend in a regular line parallel with the mountain-axis. 
They reach 700 feet and n1ore in height; but the strata are undulating in 
long waves, reaching the valley-level at intervals of several miles, where 
the depression opens a view of the country to the west. The face of the 
bluffs is the outcrop of the bluish shaly beds of No. 2, which .are full of 
Ostrea and Inoceramus. The su1n1nit of the bluffs is the light-yello'v sand­
stone of No. 3. '"rhis sandstone varies much in thickness, increasing toward 
the. south, where it constitutes the entire bluff. The valley widens to the 
south for a distance, and a line of low hills of the shales of ~ o. 2 rises 
from its surface. Another line of hills, less constant and less elevated than 
that of No. 3, is formed by the yellow beds of No. 4, and first appears near 
the mouth of Gallinas Canon, and contin1~es to approach No. 3, until, to 
the south, the two combined fonn a single hog-back. 

The axis of the Gallinas range appears to be undulating ; at least, a 
series of undulations of the strata on its flanks are due to axes of elevation 
at right angles to the principal one. 'rhe side of the Gallinas Mountain at 
the north appears to be con1posed mainly of Cretaceous No. 1; but, at the 
·canon of the Gallinas, the colored beds of the Jurassic appear in its sum­
mits. South of this point, these. beds, capped with the white gypsum, 
extend entirely across the anticlinal; the sandstones of Cretaceous No. 1 
appearing on the eastern as well as the western flank. Farther south, these 
are abruptly ren1oved, leaving a plateau of the hard ''Triassie" sandstone 
at a somewhat lower level, this bed resting in turn on the deep-red marls of 
the same age. Farther south, the Triassic sandstone forms the su1nmit of 
the highest line of the range ; the Jurassic and Cretaceous No. 1 reposing 
on its sides. Still farther south, the Nacimiento Mountain rises to a greater 
height, and is composecl of the red feluspar-porphyry of the Rocky Mount-
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a1n ax1s. It forms the culmination of the Sierra Madre, and extends south­
ward as far as my examination was carried. 

The first and most northern section was carried across the flank of tho 
mountain twelve miles south of the entrance of the canon of the Gallinas 
Creek. The oldest beds of this section form a plateau surrounded by 
g!eater elevations, from which it is separated on the soutl~ and east sides at 
least by deep ravines. The walls of these are composed of a deep-red ~arl 
of the 'rrias, capped by the usual heavy bed of gray sandstone. 'The 
north side of this plateau is bounded by an abrupt precipice of Jurassic 
strata, the red below, yellow in the middle, and the bed of snowy gypsum 
on top; t~e relations of the Triassic and Jurassic here being precisely as 
described above at the entrance of the Canon Cangilon. The sandstones of 
Cretaceous No. 1 are observed on both east and 'vest flanks of this_ open 
anticlinal; on the eastern side, without the intervention of the gypsum-bed. 
'rhe yellow bed is also deeply scored, and in some places isolated, showing 

that a stronger eroding action had been at work on this side than on the 
west, prior to the deposit of the Cretaceous No. 1. Immediately to the 

·west of the plateau, a more elevated wave is also covered with the Jurassic 
beds ; the e!J.tire summit of the mountain for many miles being composed 
of the gypsun1. This soft n1aterial is worn into innum~rable gullies .. It is 
separated from the plateau by a gorge· which is the seat of a fault. The 
Triassic plateau has evidently been thrust upward to the level of t~e yellow 
beds of the J uras.sic at this point; the fault thus amounting tO not more than 
three hundred feet. But the Jurassic beds dip southward, forming the 
descending slope of a longitudinal wave of their axis of elevation. As the 
Triassic is level at the point of descent of the Jurassic gypsum to the val­

ley-level, the fault amounts to a thousand feet. At the junction of the two, 
the evidence of faulting is to be seen in the vertical escarpments of the 
middle bed of Triassic sandstone, which is here on edge, with the deep-red 
marls on both east and west sides of it. rrhe gypsum does not descend 
southward to the valley-level, however; the end of the anticlinal having 
been cut transversely by a line of drainage, marked in summer by a deep 
arroyo. Immediate! y to the west, the sandstone of Cretaceous No. 1 for~s 
the usual line of hog-backs; but at this point it does not lie irnmediately on 
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the Jurassic, its softer lower beds having been cut out by the passage o~ 
the Gallinas Creek. This stream cuts through the hog-back, escaping from 
the valley of No. 2, and returns to it again, after pursuing a short course 
between No. 1 and the gypsum. Southward five miles, the Triassic beds 
with the sandstone cap have been lifted to a greater elevation, of at least 

1,000 feet above the level of the Gallinas. This has naturally been accom­
panied with a greater lateral extension. The foreground consists of its red 
bed and intercalated sandstones, which extend to the valley of the Gallinas; 
the Jurassic beds being undiscoverable on its flanks, and even Cretaceous No. 
1 is lost for a short distance. This projection, or angle, is opposite to an 
isolated mass of this formation, which, in the absence of another name, I 
called Red Peak. The area of the Trias is concentric with its base; the 
boundary retiring eastward on the south side. Here the Jurassic beds 

re-appear, the gypsun1 standing vertical, and forming a line of narrow, 
steep hills; the lower beds are not visible, but form the bottom of a valley 
which separates the Jurassic hills from the 1nountain. The relation of the 
two formations is here clearly seen. The elevation of the Red Peak and 
adjacent mountain-axis has fractured the Triassic beds, so that the upper 
sandstone, which is horizontal on their summits, also lies at a_ steep angle 
( 45 °) on their so1;1thwestern flanks. An interesting example of curved 
strike is here exhibited. The tilted sandstone at the left strikes northwest 
and southeast ; the same ledge in the middle foreground, north and south. 
These beds lie" immediately on the blood-red· Triassic marls, as in the 

mountains and elsewhere. 
Two miles south, the Jurassic and Cretaceous No. 1 beds disappear 

through the erosion of a drainage-valley; but, south of the latter, the Juras­
sic rises steeply, with a dip northwest 25°, to an elevation of 700 feet above 
the valley. The upper surface is con1posed exclusively of the gypsum, and 
the east~rn is precipitous, exhibiting the usual three stra·~a of white, yellow, 
and red in descending order. But below these appear the deep-red marls 
of the Trias, 'vhich occupy the valley separating the Jurassic hill from the 
Trias mountain, and form a body of Triassic bad-lands. The surface of this 
tract is eroded jnto canons, ravines, and arroyos, with ·irregular masses of a 
deep-red color between thmu. Perhaps three-quarters of a n1ile separate 
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_the vertical sides of the va.lley; the rrriassic beds forming the western wall, 

with the marl below, and a very heavy bed of hard sandstone on top, the 
whole rising to 900 feet by barometer. In the bad-land tract, I obtained 
satisf::tetory evidence of the lacustrine character of the formation, a point 

of much importance, inasmuch as the nature of these beds has remained 
very obscure up to the present time. The evidence consists of numerous 
specimens of species of Unio from a number of distinct localities, and frag­
lnents of bones and teeth of two or three species of Saurians, one of which 
at least was of terrestrial habits, according to our present knowledge. I have 
submitted the Unios to my friend Mr. F. B. Meek, who informs me that they 
belong to five species, which he has described* three of them under the 
names, U. cristonensis, U. gallir~~ensis, and U. terrcerubrce. He observes, 
"supposing that these shells really con1e from the horizon of the Trias, 
they are the oldest U nios yet found, so far as I am informed, in this 
country." 

The Saurian ren1ains above mentioned are those of Dinosauria, Cro­
codilia, and perhaps Sauropterygia. rrhe first nan1ed is represented by a 

tooth of the type of that of Lcelaps; the Crocodile is a Belodont, which I 
have described under the name of Typothorax coccinarum. 

The evidence derived from the vertebrate fossils is favorable to the 
identification of this horizon with that of the Trias, although it cannot, of 
course, be regarded as conclusive until n1ore perfect specin1ens are obtained. 

Besides the overlying sandstone bed, the red marls are traversed below 
it by a conglomerate, which is in some localities of a bluish tint. At som~ 
points, it weathers to gravel, and near this horizon the vertebrate remains 
occur. At ot~er points, it forn1s a very hard Potomac marble, containing 
pebbles of various colors. Near the same level, I obtained specimens of impure 
copper-ore, which sin1ulate petrified wood in form. The sandstones, especially 
those lying obliquely on the mountain-side, I found to contain obscure 
vegetable remains, son1e of which are replaced by oxide of iron. They 
reminded me of similar ren1ains observed in the same horizon near Taos. 

On passing a mile to the south of the locality which has been described, 
the opposite masses of the Jurassic and Triassic rocks are seen to descend at 

* Annuall~eport of Chief of Engineers, 1875, ii, p. 1003 
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an angle of 20° and 25° to the south, marking the tern1inus of another 
longitudinal wave of the axis, of which the one imnwdiately to the north 

has already been described. The valley caused by this descent is the 
drainage-level of the Upper Gallinas Creek, which issues fron1 the mount­
ains at this point. This locality is instructive as furnishing the third 
example of the fault existing between the Triassic and Jurassic. The 
'rriassic sandstone is also faulted at several points at right angles to the 
principal fault, as seen in the north and south escarptnent. The fragrnents of 
the fractured sandstone bed strew the west slope of the Triassic n1ountain, 
and disappear in the red marls. 

From this depression, the mountain rises. gradually, first in a lower 
ridge, and then to the long and regular crest of the Nacimiento Mountain. 
The axis of this new elevation forms an open angle with that of· the range 
of the Gallinas proper, running northeast and ·southwest, the consequence 
of which is a change of strike of all the elevated beds on its flanks. The 
Cretaceous hog-backs make a very regular angle in their direction ; its 
apex being the point ~f change of axis at the cove I have described above 
in detail. At the same thne, the hog-backs approach nearer to the nlouut­
ains, and the variegated and gypsum beds of the Jurassic are not seen. 
The southward route passed over the divide which separates the drainage 
of the Gallinas from that of the Puerco. South of this divide, the Creta­

ceous beds, including their highest members, Nos. 3 and 4, disappear on 
the sides of the Nacimiento Mountain. The mountain itself is the feld­
~pathic porphy:.:y of the true Rocky-range axis, which, rising through the 
Mesozoic beds which cap the northern part of the ·sierra Madre, forms its 

most elevated portion. At the village of N acin1iento, the red_ Triassic beds 
are visible on the mountain-side, and its upper sandstone dips south as well 
as west from an elevated position. The range extends south from this point 
as far as n1y observation reached. The valley is occupied, in localities near 
the mountains, with the red feldspathic gravel usual along the Rocky ranges. 
Some of the Mexicans spoke of copper-mines, with ancient stone buildings, 
in the ravines of the Nacimiento. 

I conclude this chapter by a little further allusion to the Cretaceous 
hog-backs, of which the n1ost in1portant is that fonned by No. 3. At one 
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of the depressions in this line, the erosion has disp~ayed 
a considerable bed of lignite. It appears in four beds, 
which are represented in the following section: 

Sandstone No. 3 ................ · ....................... . 
Limonite ..................................•........... 
Carbonaceous shale ................•...... · ............ . 
Lignite .............•.............................. - .. 
Sandstone .......•..................................... 
Lignite ................................................ . 
Sandstone ........••................................... 
Lignite ...............................•.............•• 
Sandstone ........................ -................... . 
Lignite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . - . . . . . . . . . .... . 

Total .•.......... -. . ............................ . 

Feet. 

21 
10 
10 
00 
3 

80 . 
This lignite bed extends throughout the region west 

of the Rocky Mountains 'wherever No. 3 occurs, and is 
the bed which has been 1nistaken for the true lignite, or 

No. 6, by some geologists. It appears in this horizon 
wherever access is obtained, but is generally i1npure and 
of little or no value. The beds differ in thickness at 
different localities; their combined mass, with rather thin 
layers of slate, at one point reaching 50 feet. It is over­
laid by a heavy bed of yello·w sandstone, from which I 
obtained teeth of Sharks of the species Oxyrhina? and 
Galeocerdo pristodontus, Agassiz. These yellow beds are 
observable for a mile to two miles west of the hog-back 
of Cretaceous No.3, forn1ing lines of low hills, from which 

I obtained numerous fossil Mollusca. These include Bacu­
lites, Ammonites of two species; including A. placenta, Ino­
ceramus, and a number o~ well-preserved Dimyaria and 
Gastropoda. I suppose these beds to represent Creta­
ceous No.3. 

A portion of their lowest member lies on the hard 
portion of No. 3, at sotne points, as already stated, form­
ing the upper part of the hog-back; at least, I obtained 

11 

the Bac~tlites,. an Am,monite, and the usual forn1 of Inoceramus fro1n suc.h 
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a locality. rrhe two horizons are separated by the lignite, and, wheh this 
is eroded, a double line of hog-backs results. Several miles to the west­
ward of this locality rise the horizontal beds of the Eocene, and the arroyo 
which drains their slope pursues its way eastward into the Gallinas 
Creek. Immediately bordering its valley is a detached hill of Cretaceous 
No. 3, on whose summit stands a large stone building, one of the many 
which strew the crests of all these hog-backs. An account of these is given 
in my report on archreology.* Further observations on the Cretaceous beds 
are deferred until the Eocene deposits are considered. 

The following is an approximate estin1ate of the Mesozoic beds in the 
same locality. As they were not ·accurately measured, the numbers will 
have to undergo revision. Their relative thickness is nearly as given: 

Feet. 
Uncertain (concealed in the sage-plain) . . . . . . . . . . . . . . . . 500 
Cretaceous No. 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 500 
Cretaceous No. 2 ..... - ........... ~.... . • . . . . . . . . . . . . . 1, 500 
Cretaceous No. 1 . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
Jurassic .................•... , • . . . . . . . . . . . . . . . . . . . . . . 600 
';Trias" (bottom not seen)............................ J., 000 

Total • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . 5, 600 

The Mesozoic beds of this section (excepting some of the higher mem­
bers of the Cretaceous) have been examined ,over extensive areas to the 
west and south by Messrs. Marcou and Newberry, whose valuable reports 
accompany those of Lieutenants Whipple and I ves, on the routes surveyed 
by them through Arizona and New Mexico. The horizon here termed after 
Hayden "Triassic" has been referred previously to this formation by Pro­
fessor Marcou also, who had the opportunity of examining it in Texas and 
the Indian Territory. So far as the latter region is concerned, I can confirm 
the identification, having examined bones from the red beds of that country 

which appear to be those of Belodonts. Dr. Newberry terms it in Arizona 
the "salt group", or "saliferous sandstones", referring to it as probably 
including both Triassic and Permian strata. The formations here called 
Jurassic are partially included by Professor Marcou in his Triassic series, 
and are termed by Dr. Newberry the "variegated marls", who is inclined 
to refer them to the Jurassic. 

* Aunual Heport Oltief of Engineers, 1875, ll, p. 1086. 
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The published notices of the paleontology of the Mesozoic forrnations 
explored by me are the following : 

1875.-Annual Report of Chief of Engineers, 1875, II, 983. Cretaceous No. 3 of the 
· Sangre de Cristo Pass. 

1875.-Proceedings of Academy of Philadelphia, 1875, p. 265. Trias of Gallinas 
Mountains. 

2.-THE EOCENE PLATEAU. 

The discovery of the Eocene deposit and its contained fossils was the 
realization of an 'anticipation of its existel\ce, which I embodied in a report 
to Dr. Hayden the previous year (1873), and which was published* before 
I left for the field in 1874. Investigations into the stratigraphy of the 
southern Rocky Mountain region had demonstrated that the elevation of 
th!s part of the continent took place earlier than the corresponding regions 
in the north ; in other words, that the elevation extended from the south to 
the north. This is shown by the greater exposure of the Mesozoic beds in 
the south, in connection with the abundance of lignite and other indications 
of extended land-surfaces during the Cretaceous period, and by the absence 

of lignite of the upper or Fort Union epoch, which is the coal-producing 
horizon of Colorado and the north. 

Supposing that the sudden appearance of faunre and florre is not due 
to creation, but to migration, I was led to look for the origin of the rich 
vertebrate fauna of the Bridger Eocene in connection with the abrupt dis­
appearance of the Saurian fauna of the Fort Union Lignite Cretaceous, 
whose strata i~ Wyoming immediately underlie it. The change of fauna. is 
strikingly abrupt, passing from a Mesozoic to a Tertiary character without the 
intervention of extensive non-fo.ssiliferous deposits. The succession of beds 
from the one to the other is in many places uninterrupted, and, according 
to Dr. Hayden, 'vithout non-conformity. There is no evidence whatsoever 
of terrestrial disturbance, such as would produce a great destruction and 
re-introduction of life. In fact, physical evidence, as well as biological law, 
is in favor of the view that the Terti~ry fauna migrated from another region, 
and replaced the Mesozoic type of Saurians which had until then occupied 
the field. And in view of these facts I remarked (l. c., p. 16; Annual Report 

*Bulletin of the Uuited States Geological Survey of the Territories, No.2, 1874. 
~ . 
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of the United States Geological Survey of the Territories, 1873, 422), that 

" there is good reason for believing that this incursion of Mammalia came 

" from the south". 
In vVyoming, the Bridger beds are imn1ediately underlaid by the Wah­

satch formation (which includes the Green River shales), whose fauna pre­
sents eharacteristic peculiarities when compared with that of the Bridger 
epoch (see stun mary at end of Chapter XII). The result of my explora­

tion in New Mexico was the discovery of an extensive area of W ahsatch 

beds, with their fossils. The IattE(r Tepresent the fauna which immediately 
succeeded the Fort Union Saurians and preceded the Mammalian life of 
the Bridger. According to Dr. Peale (Hayden's Annual Report for 1874, 
published in 1876), the vVahsateh beds ("Green River beds") become much 

heavier in Western Colorado, and I did not find the Bridger beds in New 
Mexico. New Mexico was then no doubt the source from which the fauna 

of Wyoming was derived, and the extension of the W ahsatch fauna prob­
ably proved fatal to the latest representatives on the An1erican continent of 
the Dinosaurian and other Reptilian forms of Mesozoic time. 

The relations which the Eocene bears to the Mesozoic formations in 
Now Mexico are as follows : 

West of the hog-back of Cretaceous No.3, with an interval of perhaps 
two 1niles, at a point just north of the Gallinas Mountain, a sandstone bluff 
presents a bold escarpment to the northeast. This is the angle of a mass 
of rock whose eastern face extends southward parallel to the Inountain­
axis, and whose strata dip fir.st 15°, then 10° south, and soon disappear 
beneath a similar rnass. This series also presents an escarpment to the 
northeast, and its beds also dip 10° south, nearly opposite the canon of the 
Gallinas. This fa<;ade· rises to from 600 to 900 feet elevation, and is cleft 
to the base by a deep gorge, the Canoncito de las Yeguas. I traversed this 
fissure, passing entirely through to the elevated country to the westward. 
Six miles from its n1outh is a large pool, fed by a spring known as the Mare's 
Spring. The canon is narrow, and th~ walls aln1ost perpendicular. They 

are composed, at the "puerta", or entrance; of a moderately hard, reddish­
brown sandstone. The canon is twenty miles in length ; its bottom has a 
gentle rise ; and, as the sandstone has a gentle dip toward the west as well as 
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south, its upper beds reach the level of the bottom at about the middle of 
the length of the canon. Above them, softer beds appear, alternating with 
strata of sandstone; ·the beds are first gray, but others soon appear which 
are striped with red. The red-striped marls increase in relative thickness 
toward the west, and the sandstone strata diminish, until, at the head of the 

canon, the highlands fall off into hills of bright-colored marls eroded 
into rounded and picturesquely-formed masses. These extend in a 
long line to the north and south, facing westward. To the west, a wide, 
elevated plain spread before us, varied with a few hills,. and stretching away 
with a gentle slope to Canon Largo and the country of the San Juan 
River. r:rhe discovery of the variegated marls was one of no little interest 
to the writer, inasmuch as I had made special efforts to find Eocene beds in 
this region, and they were then crowned with success. The position of these 
marls, with their close physical resemblance to the Wahsatch beds of Bear 
River, Wyoming, together with the evidence furnished by a lower molar 

of Coryphodon, found by my guide, indicated that I had discovered the 
sediments of the great body of fresh water which during successive stages 

of the Eocene period occupied the drainage-basin of the Great Western 
Colorado. ·The thickness of the strata exhibited in the walls of the Canon­
cito de las. Yeguas, I estimated at 1,200 feet. 

On leaving the mouth of this canon, and proceeding· southwa~·d, the 
southern dip of the red sandstone brings their summit to the ground-level 
in about ten miles distance. The red and gray marls, with alternating beds 
of white and yellowish sandstone, appear on their sun1mits, and at a point 
twenty 1niles south of the canon form· a mass of bad-land bluffs of from· 
600 to 1,000 feet elevation. This escarpment retreats and then turns to the 
east, forming an extensive horseshoe, the circumscribed area being occu­
pied with hills and picturesque masses of sediment, with all the peculiar 
forms and desolation of bad-land scenery. I re1nained in camp for about 
a n1onth near this circle, and obtained many fossil remains of Vertebrata. 
rren miles south of this point, another· horseshoe of bad-lands covers an 

extensive area, and proved to be as rich in fossil remains as the first. Here 
I made· my second camp, remaining in it for three weeks. The southern 
boundary of the northern tract e;xtends to within six miles of the Cretaceous 
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hog-backs, ·while the corresponding part of the second approaches nearer, 
forming a line of bluffs of considerable height running north and south par­

allel with, and half a mile from, the hog-backs. Beyond the Puerco divide, 

hills of this formation rise on both sides of the trail, and near the Ojo de San 
Jose the Eocene beds repose on the foot of theN acimiento Mountain several 
miles to. the east. 

Below the sandstones which form the po1'1:als of the Canoncito de las 
Yeguas, another stratum of marls shows itself in hills of 100 feet and 

higher, in the sage-brush plain tbat separates them from the Cretaceous 
hog-backs. They are soft and of mixed black and dark-green colors near 
the locality in question, and capped by light and yellowish sandstones~ 

These conform to the beds of the Eocene, and I traced them for forty miles 
to the south along the belt of country intervening between Cretaceous No. 
4 and the reddish sandstone. At the locality just mentioned, they conform 

to the sandstones above, having a dip of 10° southwest, while they do not 
conform to the hog-back of Cretaceous No.3, the nearest available outcrop, 
which dips at 25° west. Farther south, this marl is represented by low 

hills of generally lighter color. Near Nacin1iento, it has an increased iln­

portance, as it rises both to the east and south. The valley of the Upper 
Puerco is excavated in it for some distance, and its blackish, greenish, and 
gray hills are seen on both sides of the river. At a point on the river 
about six miles below the village of Nacimiento, the lower sandstone of the 
Eocene forms a perpendicular bluff, which terminates in an escarpment of 
500 feet elevation facing the south. The red-stliped n1arls, having acquired 
a ge:q.tle ·northern dip, disappear from view some miles to the north, and the 
termination of the underlying sandstones warned us that we were approach­
ing the southern border of the basin. 

The border of the sandstone turned to the west at this point, the line 
of bluffs continuing as far as vision extended. Below and south of it, the 
varied green and gray marls forn1ed the material of the country, forming 
bad-land tracts of considerable extent and utter barrenness. They formed 

conir.al hills and flat meadows, intersected by deep arroyos, whose perpen­
dicular walls constituted a great impediment to our progress. During the 
days of my examination of the region, heavy showers of rain fell, filling 
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the arroyos with rushing torrents, and displaying a peculiar character of 
this n1arl when wet. It became slippery, resembling soap in consistence, 
so that the hills ·were climbed with difficulty, and on the levels the horses' 

feet sank at every step. The material is so easily transported that the 

drainage-channels are cut to a great depth, and the Puerco River becomes 
the receptacle of great quantities of slimy-looking mud. Its unctuous 
appearance resembles strongly soft-soap, hence the name Puerco, gr·ease. 

These soft marls cover a belt of some miles in width, and continue at the 

foot of another line of sandstone bluffs, which bound the in1mediate valley 
of the Puerco to a point eighteen miles below Nacimiento. Here the sand­
stone again turns to the westward, presenting a southern escarpment of 500 
to 1,000 feet elevation. This forms the southern boundary of the Eocene 
basin. I could not be sure whether this sandstone is identical with that of 
the escarpment twelve miles north, but suspected it to be such. Immedi­
ately south of it, low hills of Cretaceous No. 3 extend across the Puerco 
and continue south of the Eocene bluffs at a distance of ao mile or two with 
a western strike. They were as elsewhere of a soft yellowish sand and· 

clay, including shale beds, and contained abundance of Inoceramus, like 
those found on the Gallinas. 

rr:en miles to the southward, the underlying Cretaceous beds are capped 
by a horizontal table of basalt, thus forming a mesa, through ·which the 
Puerco passes in a canon. I supposed this to be the forerunner of the 
great basaltic plateau, which, according to Lieutenant vVheeler, constitutes 
the country south of the Rio Chaco for a great distance one of little 
promise to tho agriculturist. These tracts are known as the Mesa Faclutda 
and Mesa de los Lobos. The season being ·well advanced (October 22), I 
thought best to commence the return 1narch, which we accordingly did. 

rrhe soapy marls, or, as they may be called, the Puerco marls, have 
their principal development at this locality. I examined them throughout the 
forty miles of outcrop ·which I observed for fossil ~·emains, but succeeded 
in finding nothing but petrified wood. This is abundant in the region of 
the Gallinas, and includes silicified fragments of dicotyledonous and palm 
trees. On the Puerco, portions of trunks and li1nbs are strewn on the hills 
and ravines; in some localities the mass of fragments indicating the place 

. 2 GR 
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where some large tree had broken up. At one point east of the river, I 
found the stump of a dicotyledonous tree which 1neasured five feet in diameter. 

As already remarked, the Puerco marls may belong to the Eocene 
series in view 'of their strict conformability to the superincumbent rocks of 
that age. But they may represent the Fort Union or lignite beds of the 
Upper Missouri, some of whose strata they resemble in color and consist­
ence. They cont~in no lignite nor. coal, although their occasional black 
color may be due to a small amount of carbonaceous matter. They have 
no resemblance to the Bitter Creek beds in mineral character or fossils. 
The presence of such quantities of petrified wood gives weight to the 
pro babiljty that the Puerco marls are a lacustrine formation. In explor­
ing the hills of this formation along the Puerco, I found the horns of 
an Elk ( Gervus c_anadensis ). This locality must be near the southern lhnit 
of its range. I learned that it is not uncomn1on on the high plateau near 
Tierra Amarilla on the northeast. 

I made a se~ond section of the upper or W ahsatch beds to the west, 

starting· from opposite the middle of the northern bad-land cove. About 
t~e middle of the marl series, there is usually present a bed of nearly white 
sandstone, frequently quite hard, in which the fossils have generally a worn 
or rolled appearance. Here occurred the greater number of Sharks' oteeth, 
but not all. Above this horizon, the most abundant fossils are the gars and 
crocodiles, while the greater number of the Mammals come from below it ; 
but this distinction is of a very general character. On climbing the eastern 
escarpment of these marls, the summit is found to be a plain sloping at a 
sligh~ angle to the south and west. Escarpments composed of the upper 
beds of marl and sandstones extend mostly in east and w_est lines. 

The most important of these is, first, an outcrop of sandstone, ten 
miles west of the bluffs. Here I found characteristic fossils. The trail fol- · 

lows a canada, or narrow shallow valley, for perhaps forty miles. Branches 
pass to the right and left between the hills, affording beautiful park-like 
views. The drainage of this Eocene plateau from the summits of its eastern 
escarpment is to the west, reaching the San Juan River by Canon Largo 
and Canon Amarillo. Along the c~fiada, the marls re-appear ; their red 
and g~ay colors contrasting with alternating beds of sandstone. These 
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sink, and are followed by a soft, yellow sandstone, which forms the face of 
the Gabilan Hill, eighteen miles west of the bad-lands. Other bad-lands 
appear beyond; the sandstone resting on then1. For n1any miles, the alter­
nating marls and sandstones form steep hills on each side, of roo to 300 feet 
elevation, until about thirty miles west of the Gallinas bad-lands they ter­
minate in bold headlands, th8 escarpment of the formation sweeping right 
and left to the n~rth and .south. · From . high, bold hills, they drop off in 

lower terraces, and the general level of the country slopes off rapidly to the 
west. From this point, a fine view toward the canons of the San Juan is 
had over a descending plain studded with irregular hills. A low tableland, 
perhaps forty miles distant, is deeply. notched at two points, which my guide, 
who is familiar with the region, termed the Puertas, or Gates of the Canons 
Largo and Amarillo, with the Mesa de Chaco to the left. The point on 
which we camped is termed on the maps the Alto del Utah, and is placed 
at. 6, 648 feet elevation, although there are more elevated hills nearer to the 
bad -land fa<;ade of the Gallinas. The entire region is devoid of springs, 
but is covered with grass and good timber. The country is, therefore, a 
favorite resort for the shepherds, with large flocks, frorri the valley of the Rio 
Grande, in winter; otherwise, it is without resident inhabitants. Myself 
and guide depended on po.ols of water of a rain which had fallen ~ week or 
more previously, and found it palatable, although muddy. In several of 
them, I found young individuals of Spea stagnalis, Cop~, with their tadpoles, 
which had evidently but a short time for incubation, metamorphosis, &c. 
As usual in this group, the tadpoles attain a large size before changing. I 
found also, on a number of the bad-land hills, as far as the Alto del Utah, 
pottery of the ancient people who appear to have once inhabited this coun­
try in large numbers. An account of these has been given a special chapter 
of the annual report. 

In review,. I give the following section of the Eocene rocks of the re­
gion west of the Sierra Madre : 

, Feet. 

Red and gray marls, Wahsatch group ....•........ ~ . . . . 1, 500 
Sandstone, W ahsatch group ....... ·. . . . . . . • . . . . . • • . . . . . 1,: 000 
Green and black marls, Puerco group. . . . . . . . . . . . . . • . . . . 500 

Total . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . • . . • . . . . . 3, 000 
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The descriptions of fossils of this horizon have been published at the 

following dates and places : 

1874, November 28.-Heport upon vertebrate fossils discovered in New Mexico, with 
clescriptions of new species; by E. D. Cope AnnualHeport of the Chief of Engi­
neers. Appeu<lix F F. 

1874.-Annual Report of the Chief of Engineers, part 2, p. 591. 
1875, April17.-Ssstematic catalogue of Vertebrata of the Eocene of New Me:xico, col­

lected in 1874; by E. D. Cope. Geographical and Geological Explorations and 
Surveys West of the One hundredth .Meridian, 1875. 

1875.-Prcceedings Philadelphia Academy, p. 255. On fossil Lemurs and Dogs. 
1875.-Proceedings of the Philadelphia Academy, p. 444. On the supposed Carnivora 

of the Eocene of the Rocky J\'[ountains; extras published December 22. 
1876.-Proceedings Philadelphia Academy, p. 10. On a gigantic bird from the Eocene 

of New Mexico ; extras pul>lished April 18. 
1876.-Proceedings Philadelphia Academy, p. 39. On the Tmniodonta, a new group of 

Eocene l\iammalia; extras published April18. 
1876.-Proceedings Philadelphia Academy, p. 63. On the geologic age of the verte­

brate fauna of the Eocene of New Mexico; extras published April 26. 
1876.-Proceedings Philadelphia Academy, p. 88. On supposed Lemurine forms of 

the Eocene period. 

PrG. 2.-Skctch taken in tile Eocene ball-lands of the Galliuas. 

3.-THE LOUP FORK BEDS OF 'rHE VALLEY OF THE RIO GRANDE. 

The ravines of the south side of the Picuris Mountains, on the east 
side of the Rio Grande, are filled with the arenaceous-beds of the Santa Fe 
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marls, as already described by Dr. I-Iayden. The erosive forces have cut 
deep valleys and gorges from their mas~, leaving tremendous castellated 
and bastioned escarpments of a thousand feet elevation. Interesting views 
of these beds may be bad by following the valley of the Embuda Creek, 
and the cafiadas which extend from it to the southward and eastward. After 
careful exan1ination of this region, I could only find a single fossil, namely, 
a penultimate phalange of a lateral digit of probably a three-toed horse. 

Crossing the Rio Grande by a ford not far from the n1outh of the 
.v 

En1buda Creek, I climbed the rugged face of the lava nmss that fonns the 
sides of the canon of the riyer, and which underlies the surface on its eastern 
side, and found myself at the base of the "Pliocene" sands, which there 
form bad-land hills of some elevation. Some of them are worn into caste} .. 
lated forms of much beauty; one in particular reminding me of the Eocene 
Church Buttes of Wyoming. From their summits, an extensive view was 
had of the triangular area inclosed on two Rides by the Rio Grande and 
the Rio Chama, with the two drainage-areas of the Ojo Caliente and El 
Rito Creeks.. On traversing this region, it was found to be entirely com­

posed of the "Pliocene" sands, ~nd to be very arid, with cedars scattered 
in·egularly over the surface. The· springs of Ojo Caliente number three, 
the most important issuing from a vertical ledge of gneiss, ·which is there 
traversed by a wide quartz-vein. The temperature of the warn1 springs is 
from 116° to 120°; they contain abundance of a Confervoid Alga. In the 
creek below, I saw a Cyprinoid Fish (Gila pandora, Cope), taken with the 
hook. Near to this point I first observed the Blue Partridge ( Callipepla 

squamata, Vi g.), which is readily distinguished, as it runs, by the white under 
side of its erect top-knot. 

In descending the Rio Chama, the arenaceous bluffs are continually ih 
· view.on the .north side, and occasionally display layers of basalt alternating 

with the sandstones. In this sit"uation,. the basalt is at ti1nes concretionary. 
The bed which bounds the Rio Grande on the west tern1inates at the junc­
tion with the Chama in a high point. On the southwest side of the Chama, a 
sin1ilar stratum gives the n1esa-form to the hills, nearly to its n1outh. South 
of these, the J en1ez }\fountains rise in ilnpressivo proportions, and, extend­
ing southward, bound tho Rio Grande Valley on the west. 
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The wide valley between the Jemez and the Sangre de Cristo ranges 
is almost entirely filled with the Santa Fe marls. Theil· sandy character is 
not favorable to agri~ulture, being scarcely preferable to the basalt, -so that 
cultivation is confined to the narrow valleys of the tributaries of the Rio 
Grande. The intervening country is either absolutely naked or covered 
with cedars. Occasionally, as near San Ildefonso and near San Felipe, a 
fragment of the lava remains, protecting the underlying Pliocene beds, form­
ing a flat-topped butte, generally tern1ed a huerfano. The beds of the Santa 
Fe marls are alternately softer and harder calcareous sandstones and· con­
glomerates, varying from white to greenish-gray and light rufous. They 
dip generally 10° to 15° toward the east, and away from the basaltic mass 
of the Jemez range. They contain the remains of extinct Vertebrata, mostly 

Mammalia, which have enabled me to correlate them with the Loup Fork 
Tertiary of Colorado and Dakota. The species discovered by our party 

nun1ber thirty-one, of which twenty-six are Mammals, three Birds, and 
two Reptiles. An enumeration of them is given in the last chapter of this 
report. 

Twenty-five miles 'vest of the Rio Grande, at San Ildefonso, the east­

ern mass.es of the Jemez Mountains rise. The greater part of this interval 
is occupied by a plateau which is traversed by more or less parallel ravines, 
which issue in the trough of the Rio Grande. ':rhe mesas which separate 
the ravines terminate abruptly, like the wharves ·of a city front. Their 
material consists of sandstone, conglomerate, and arenaceous marl, of 
whitish, gray, and drab colors, having a gentle dip to the northwest. Many 
of their upper beds contain numerous pieces of pumice, which readily dis­
integrate, and the :resulting siliceous dust, under the influence of wind, 
excavates the surrounding sandstones into caverns and pigeon-holes of many 
sizes and shapes. Nearer the mountains, the northwest dip of the beds is 
distinct, and they accordingly present escarpments to the southeast and 
gentle pine-covered slopes to the northwest. The ravines have a northeast 
and southwest direction, and extend to the base of the mountain. The 
escarpments are composed of orange-colored and reddish rock of uniform 
constitution, which breaks into prism-like masses as it falls, forming taluses 
below. It is entirely distinct in character fr0:1.n that of the bluffs nearer the 
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river, which fo1·m part of the Santa Fe Tertiary marls, as proven by the 
occurrence of the bones of Mastodon and Aceratherium jemezanu1n, Cope, 
near Santa Cruz. 

The orange beds are doubtless older, and were afterward seen on the 
. Chama River; but I was unable to determine their age or their precise 
relation to the overlying sands and marls. They are covered near the 
mountains by a mass of basalt, which forms the floor of a higher n1esa, from 
which rise the basaltic cones of t~e Jerriez Mountains. Some of their peaks 
were doubtless sources of discharge of lava at a former period. I did not 
observe that the orange beds were tilted, or rested other than nearly hori­
zontally against them. 

In the ascent of the Rio Chama, we pass over the Santa Fe marls 
exclusively until reaching the town of Abiquiu. Here are bluffs of 700 feet 
elevation, of a soft sandstone, having the same character and dip (10° to 
15° northwest) as those above described as at the eastern base of the Jemez 
Mountains. In a bay on the western side of one of these bluffs is a patch 
of picturesque bad-lands of the Santa Fe marls. Five miles .. above Abiquiu, 
the brilliantly-colored yellow and red be~s, which forn1 such an important 
feature in the geology of Western New Mexico, appear in high bluffs on the 
north side of the river. They are several hundred feet in thickness, but, 
near the Rio Chama, descend, so as to permit of a view of their relations to 
the superincumbent be_ds. The brightly-colo·red beds are cut by a ravine 
to a depth of about one hundred and fifty feet. The upper portion is yellow, 
and they dip 25 ° southwest. They are overlaid by a shale of fifteen feet 
in thickness, whose laminre are frequently contorted. _The lower .part of 
the bed is finely laminated, and the upper portion consolidated into a very 
hard rock. Above it is a bed of twenty feet, of a very coarse conglomerate, 
whose cement is arenaceous. 

These details are entered into ·for the purpose of exhibiting the uncoil-
. formability between the late Tertiary beds of the Rio Grande Valley and 
the formations constituting its western shores. The beds just described 
are believ~d to correspond with those called Jurassic in the section taken at 
Colorado Springs, and quoted earlier in this chapter. Red beds, sup­
posed to correspond with -the Trias of the san1e section, were observed by 
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me to form the northern boundary of the basin a few miles north of the 
town of El Rito, east of the Rio Chama. These beds crop out in high 

bluffs, and doubtless fornwd the precipitous western shore of the fresh lake 
which, during the Loup Fork epoch, filled the valley of the Rio Grande 
from its upper waters to an unknown distance toward Mexico. 

These red and variegated beds cover the stratigraphical axis of the 
Sierra Madre at this point, although not the water-shed betw·een the ·waters 
of the Rio Grande and Rio Colorado. The geology ·west of this point has 
been considered in the divisions devoted to the Mesozoic formations of the 
Sierra Madre and the Eocene area west of it. 

The earliest information which ·we possess respecting the existence of 
Vertebrate remains in the lacustrine deposits of the Rio Grande Valley is 
due to the interest displayed by Hon. William F. ~f. Arny, then governor of 
New Mexico. He obtained, from the region northwest of Santa Fe, the 
fragments of a lower ja1v of a Mastodon productus, Cope, and sent them to 
the Smithsonian Institution. This specin1en formed the subject of a descrip­
tion by Dr. Leidy, who referred the species to his Mastodon obscurus. The 
next observations of Vertebrate fossils were n1ade by the members of the 
Wheeler survey of 1873. Francis 1\:.lett and Dr. 0. Loew obtained a number 
of specimens from near San Ildefonso. Following the directions of these 
gentlemen, I made the examination during the season of 1874 which resulted 
in the discovery of thirty-one· species of Vertebrata, of which all but four are 
determinable. Some of these have been already described in n1y report, pub­
lished in the Annual Report of the Chief of Engineers for 18 7 4, page 603. 

The Placita n1arls, alluded to in the beginning of this chapter, were 
examined by me during an exploration of the eastern base of the Sandia 
Mountains. Facilities for the accomplishment of this purpose were kindly 
placed at my disposal by General Gregg, at that time commanding the 

district of New Mexico. 
A section carried across from Algodones on the Rio Grande to the 

Sandia l\1ountains, through the village and creek of Placita, gave the follow­
ing results: The ·road winds among and ascends for several miles, mesas of 
coarse Tertiary gravel and cobble-stones until it reaches a wide plateau, 
from which the 1nountains rise on the cast. This tract is traversed by 
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Placita Creek and its tributary arroyos, which furnish interesting sections. 
From these it appears that the greater part of the plateau consists of 
the yellow, n1uddy shales and sandstones of Cretaceous No. 3. They 
form the bottoms, and son1etimes the walls of the arroyos, and rise in low 
monoclinal hills at various points on the plateau. The beds dip N.W. 20° 
to 40°. In the intervals between the hills, there is a deposit of indurated 
clay of 40 feet in thickness, of Postpliocene age. I obtained teeth and 
other bones of Elephas primigenius subspecies columbi from this bed, and 
found bones of Elephants in place in the banks of the arroyo. Shells of 
Planorbis, Physa, &c., indicate the lacustrine character of the deposit, which 
I have called the Placita n1arl.* 

The descriptions and determinations of the species of the Santa Fe and 
Placita marls ·were published in the following essays: 

1874.-Proceedings of the Philadelphia Academy, p. 147, Notes on the Santa Fe marls, 
and some of the contained fossils, by E. D. Cope. 

1874, November 28.-Report upon Vertebrate fossils discovered in New Mexico, with 
descriptions of new species, by E. D. Cope, p. 15. Annual Report Chief of Engi­
neers, pt. 2, p. 603. 

1874.-Annual Report of Chief of Engineers, ii, p. 603. 
1874.-Proceedings Academy Philadelphia, 221, On a new Mastodon and Rodent. 
1875.-Proceedings Academy Philadelphia, p. 255, On fossil Lemurs and Dogs. 
1875.-Proceedings Academy Phila(~elphia, 257, On the ·Antelope-deer of the Santa Fe 

marls, and the age of the formation. 
1875.-Proceedings Academy Philadelphia, p. 258, On some new fossil Ungulata. 
1875.-Proceedings Academy Philadelphia, p. 261, The phylogeny of the Camels. 
1875.-Proceedings Academy Philadelphia, p. 271, On an extinct Vulturine Bird. 
187 5.-Annual Report of Chief of Engineers, ii, p. 988, On the Vertebrate paleontology 

of the Santa Fe marls; l. c. 986, On Mastodon from Taos; l. c. 997, On Elephas 
from Placi ta. 

1876.-Proceedings Philadelphia Academy, July, on Canis wlteelerianus and the evolu­
tion of the camels. 

•Annual Report of Chief of Engineers, 1875, ·p. 997. 
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4.-DESCRIP1'10N~ Ol"' MESOZOIC VERTEBRATA. 

PISCI~S. 
~PERCESOCES. 

SYLL-LEMUS, Cope. 

Report U. S. Geol. Sun~. Terrs., ii, p. 180. 

A~ied to the Mugilidce. A short, spinous dorsal fin; ventral fins ab­
dominal, posterior to the spinous dorsal. Pectoral fins subinferior in posi­
tion. Coracoid bones forming a compressed, keeled body. Scales large, 
cycloid; lateral line present, extending along the middle of the sides. Pa­
rietal bones less than epiotics, entirely separated by the supraoccipital. 
Frontal bones large, wide, their comn1on suture distinct. 

The opercular apparatus extends obliquely backward, while the man­
dible is produced forward. Hence the inferior part of the hyomandibular 
and the symplectic are directed obliquely forward. The end of the muzzle 
is broken off, but the posterior part of the dentary bone does not exhibit 
any teeth. The opercular bones are thin, and their inferior borders reach 
the median line of the inferior side of the head. 

The only species of this genus which has falle~ under my observation 
is represented by a specimen in which the body posterior to the femoral 
bones is wanting. The surface is covered with scales, so that only the out­
lines of those bones can. be distinctly seen. They are thickened, and 
curved outward ; those of opposite sides are well separated from each other. 
The scales exhibit a very delicate concentric line-sculpture. 

The very posterior position of the ventral fins distinguishes this genus 
from Mugil, while the inferior position of the pectoral fins is not seen in 
Atherina. The lateral line does not occupy the inferior positi?n seen in the 
Scombresocida!. As compared with .Apsopelix, Cope, from th~ Benton group· 
of l{ansas, Syllcemus differs in the absence of dorsal radii or interneural 
spines anterior to the ventral fins. There is doubtless some affinity between 
the two genera, as the other characters are quite shnilar. I was unable to 
detect a lateral line in Apsopelix. It is possible that a catalogue-~ame of 
Agassiz, viz, Calamopleunts (Poiss. Foss., v, p. 122), refers to this or some 
allied genus; but I am unable to discover that it hits ever been described. 
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Syllremus latifrons, Cope. 

Report U. S. Geol. Surv. Terrs., ii, p. 181. 

Represented by the entire head and body of a fish as far as the basis 
. -of the ventral fins, excepting the end of the muzzle. The scales are com­

pletely preserved, while only the bases of the fins remain. 
The body is subcylindric, while the head is broad and flat above. The 

inferior side of the head. is contracted ; the coracoids forming a keel, and 
the lower borders of the dentary bones being in contact. The angular por­
tion of the dentary is strongly grooved on its inferior surface, and .the prox­
imal or anterior parts of the operculum display a radiate sculpture. The 
top of the head is smooth, excepting a slight radiate sculpture of the parie­
tals. The outline of the parietals is subround, and a little more extended 
than that of the supraoccipital, which is a short longitudinal oval. 

There· are twenty-six or twenty-seven longitudinal rows of scales, or 
thirteen on· each half; those. of the abdomen not differing from those of the 
sides. The lateral line runs along the eighth below the dorsal fin, originat­
ing just above the base of the pectoral fin. There are nine rows of scales 

between the oeciput and the first dorsal ray. I count the bases of fifteen · 
dorsal radii, which are all fissured anteriorly, excepting the first, which is 
rud~mental. The anteri9r rays are stouter than the posterior, and they em­
brace the posterior part of the ray in front of them by the basal fissure. 
The posterior rays are much narrowed, and en1brace but little. The pec­
toral rays are numerous. The physiogn.omy of this fish is rendered pecu­
liar by the depressed form of the snout, with the narrow under jaw. It is 
impossible to be sure whether the muzzle was elongate or not. 

Measurern·ents. 
. . 

Length of the specimen to the base of the ventral fin ....................... . 
· Length of the specimen to the base of the dorsal ............•.............. 

Length of the specimen to the base of the pectoraL ...••.................... 
Length of the specimen to the edge of the operculum .. ~ •• ~ . . • . ..•......... 
Length of the specimen to the edge of the preoperculum .................... . 
Length of the specimen to the condyle of the mesopterygoid ................ . 
Length of the specimen to the orbit . . . . . . . .. ............................ . 
Diameter of the front between the orbits .................................. . 
Diameter of the body at the middle of the dorsal fin .• ~ .................... . 
Depth of the body at the middle of the dorsal fin ......................... . 

M. 
0.205 
0.090 
0.075 
0.071 
0.055 
0.029 
0.017 
0.020 
0.045 
0.050 
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The specimen was originally stated to n1e to have been found "near 

the sumn1it of Pike's Peak," Colorado. I remarked on this, that "the 

specin1en has the appearance of having been derived from the Cretaceous 
beds, probably of the Niobrara epoch (No. 3), which are extensively ex­
posed along the eastern base of that mountain." More full information l~ads 
to the belief that it was obtained from some point in New Mexico._ 

REPTILIA. 
CROCODILIA. 

The only Mesozoic Reptilia discovered by the expedition of 1874 were 
obtained fron1 the so-called Triassic red beds of the western side of the 
Sierra Madre, on the Gallinas Creek, as already stated in the geological 
description. They are in a fragmentary condition, but of great interest, as 
being the first fossils discovered in that formation in the Rocky Mountains. 

With the Reptilian remains are the rhomboganoid scales of small Fishes, 
.which are abundant in the coprolites of the Crocodiles. The Reptiles repre­
sent three orders of Crocodiles, Dinosa~tria, and apparently of Sauropterygia. 
r_l'he Dinosaurian order is represented by a part of the crown of a tooth of a 
species of large size, of the general character of Lcelaps. Both faces are 
convex, the one more so than the other, and the long axis of the crown is 

curved toward the less convex side. Both cutting-edges are sharply and 
closely crenate-denticulate, as in Lcelaps, Megalosaurus; &c.; otherwise, the 
enamel iR perfectly smooth. There was not enough of this animal discovered 

to enable me to identify it. The suspected Sauropterygian species is repre­
sented by a single vertebra, with the centrum slightly depressed, with cil·cu­
lar section, and about as long as wide. The neurapophysis appears to have 
been united by suture, although this point is not so clear as desirable, and 
the bases of the diapophyses are very stout, extending the entire length 
of the upper half of the lateral surface of the centrum. Of the articular 
faces, one is much more concave than the other. Length of centrum, 
om.o5; width, om.057; depth, om.055. The Crocodilian remains consist of 
a portion of a jaw-bone with alveoli for four teeth, of a broken vertebra, 
and a number of dermal scuta and fragments of other bones_ At another 
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locality, not far distant, were found numerous remains of Saurian bones, 
embracing dermal and cranial pieces, coprolites, a fragmentary tooth, &c., 
which may have some affinity to these. The species indicated by the former 
has been described and named as follows: 

TYPOTHORAX, Cope. 

l_,roc. Acad. Phila., 1875, p. 2u5; Ann. Report Chief of Engineers, 1875, p. 1004. 

The fragment of jaw belonging to this genus is probably maxillary in 
position, for the following reasons : The interior face of the bone is sutural, 
and for the n1ost part solid. This would refer it to the position of the sym­
physeal portion of the dentary bone of a gavial-like form, but for other con­
siderations. Supposing the piece to be dentary, and the suture therefore 
vertical, the incongruity follows that the alveolar face becomes very steep, 
so much so as to prevent the interlocking of the teeth, which become lateral 
in position. If, however, the jaw fragment be reversed in position, and the 
alveolar face placed in a horizontal position, the suture of the inner side 
forms a sharp angle with the vertical plane, as it should on the supposition 
of its being the maxillary bone. The wedge-shaped section necessary to 
fill the space between it and the median plane will then be that of the pro­
longed posterior spine of the premaxillary bone. The solidity of this por­
tion of the muzzl~ is inconsistent with the gavial genera of the Jura and 
later times, but not with the structure of the Triassic Belodons. The pos­
terior part of the inner face is, however, strongly excavated, and the sutural 
tnargin exhibits an outward deflection, which is either the boundary of the 
nostril or the suture for the apex of the prefrontal or nasal bone. In either 
case, the nasal cavity arid the nostril are posterior in position in conformity 
with the structure of the "r:rhecodont" Crocodilia. The alveoli are large 
and arranged in a curved line, one of them somewhat exterior in position 
and isolated by a short diastema like a canine. Surface of t~e bone pitted. 
The dermal scuta found close to the jaw fragment have a flat upper surface 
marked· with shallow pits rather closely placed, having resemblance to an 
C?bsolete Trionyx sculpture. Near one of the margins of the bone, the pits 
1:un out in sl~allow grooves. A portion of a vertebral centrum found with 
the jaw exhibits one articular face; this is shallow, concave, of the type of 
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the Amphicrelian division of Crocodilia. The body of the centrum is much 

compressed. 
The other remains include a portion of a dermal bone like those 

described, and the crown of a tooth, among other fragments. r:rhis crown, 
which has lost most of its enamel, is triangular in section, and somewhat 
curved in its long axis. A convex face is directed forward and outward 
(on the supposition that the tooth is superior), and a nearly plane face pos­
teriorly. The inner face is worn flat by the attrition of an opposing tooth. 
The pulp-cavity is minute or wanting. 

Typothorax coccinarum, Cope. 

Plate xxii, figs. 1-9. 

Proc. Academy Phila., 1875, 266; Ann. Report Chief of Engineers, 1875, p. 1004. 

The pitting of the maxillary bone is not linear, and is sometimes 
round ; it is rather rmnote. The outside of the bone is steep, indicating 
that the muzzle is not depressed. Its face is swollen opposite the supposed 
canine tooth. The alveolre are round and longitudinally oval. The aJve­
olar face is decurved near the end of the muzzle. The superficial layer of 
the cranial and dermal bones is dense and fine-grained. The second series 
of specimens, whose reference is by no means certain, but which contains 
a dermal bone like that of the type, includes fragments apparently of the 
upper surface of the cranium. This is marked with irregular tuberosities 
and excavations resembling that seen in the Belodonts of the Carolinian 
and vViirtembergian Trias. A section of a narrow dermal bone displays an 
elevat9d, obtuse, median keel, the only bone which displays this form in the 
collection, the usual form being either flat or slightly concave. Accompany­
ing the same, are numerous coprolites, which are apparently too small for 
an animal of the dimensions of the type-specimen. They are slender, and 

display rectal folds, which do not exhibit a continuous spiral. They are 
found, wherevei· fractured, to be filled with 'the rhomboganoid scales of some 
small fish. 

Measurements. 
M. 

Length of fragment of m~xillary. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .. . . . . . 0. 095 
Depth (oblique) at ~nostril. . . .. . . . . . . .. _ . .. .. . .. . . .. . . .. • • • • • . . • • . . .. . .. . . {\, 050 
Depth (vertical) at Y nostril . . . . . . .. .. . . . .... . . . . • • .. . . . . .. . . . . . . . . . . . . . .. . . 0. 04:5 
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Width (median) at Ynostril ......................................•..•... .- .. 
Width at front alveolus .......................................... , ..... . 
Diameter of canine alveolus......... . . . . . . . • . . . • .................... _ .. 
Diameter of another alveolus .............................................. . 

Diameter of centrum of (t caudal) vertebraS tran~v·erse · · · ·: · · · · · • • · · · · · · · • · 
~ vertical .............•••....••.. 

Tbickn·ess of dermal shield ..•.•................................••......... 
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0.025 
0.035 
0.015 
0.011 
0.0~4 

0.022 
0.008 

Measurement across four fossre of same ............. _.. . . . . . . . . . . . . . . . . . . . 0. 020 
Diameter of crown of tooth No. 2. • . . . • . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . 0. 018 
Length of coprolite of No_. 2.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Diameter of coprolite of No. 2. • • . . . • . . . . . . • . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . 0. 011 

The flat and regularly-pitted dermal bones distinguish this g~nus from 
Belouon. The species was of large ·size, the cranial fragments equaling 
corresponding portions of the Gangetic gavial. 

CLASS? 

DYSTROPH.lEUS, Cope. 

_This genus reposes on scanty remains, but_which are in good preserva­
tion, and which present marked characters. The bones consist of the 
humerus, three metapodials, some ~carpals, and the distal end of an.~ ulna, 
'vith a probable sternum ·and an inferior element of either the scapular or 
pelvic arch, probably the latter. There is also a nun1ber of fragments, 
which are not easily identified. The specimens were discover~d by Prof. 
J. S. Newberry in Southeastern Utah, while acting as geologist to the 
Engineer Exploring Expedition 1,1nder the command of Capt. J. N. Macomb, 
United States Army. He excavated them from the red and green rocks 
usually referred to .the Trias, hence from the same formation which yielded 
the Typothorax already described. Professor Newberry made sketches of 
the bones as he exposed them. They were all, he states, found in close 
pr_oximity, the bones of the limb in nearly normal relation. It is altogether 
probable, according to Professor Newberry, that they belong to a single 
animal. I find nothing to forbid this supposition and much to confirm it. 

One of the most remarkable bones is a broad, fl~t element, one of whose 
borders is digitate, the processes being long, and separated by deeply entrant. 
sinuses. Two sides o~ the bone are broken away, but the others give·origin 
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to five digitiform processes. Two of these are larger and longer than the 
others, and externally on the right side is a shorter one. Outside of this 
is a larger process, whose extre1nity is recurved so as to be subparallel with 

the longer processes, and 'vhich was connected with another bone by an 
articular surface. This information is derived from Professor Newberry's 
notes made in the field. It is probable that this bone is the sternum, and 

that the articulation IIJ.entioned is costal. It is not certain whether the 
longitudinal median line passes through a sinus or a digitation; but a pro­
jection of the surface of the plate, 'vhich is probably median, is opposite 
one of the latter. Supposing, then, that the sternum is produced into a 
median posterior process, we find a resemblance to the corresponding ele­
ment in many birds not heretofore known among reptiles. There are in 
that case three postero-externally directed processes on each side, of which 
the two posterior are fre·e. Another interpretation might be that it is a cora­
coid with anterior digitations. In this case, the articulation above mentioned 
"rould be anomalous. The number of digitations is too great for this ele­
ment, and the space remaining for contact with the sternum is too small. 

Another large flat bone approximates a right-angled triangle in form, 
the length greatly exceeding the width. The right angle is massive and 

produced, and is evidently the point of connection with the other parts of the 
skeleton. 'l:'he bone is flat on one side and convex on the other, and can 
only be identified "vith probability with the scapula of a Dinosaurian reptile. 

The large size of the anterior limb, which might be inferred from this 
scapula, is justified by the humerus, which is preserved in ahnost perfect 
condition. This humerus is one of the longest, and is distally the most con­
tracted known in the Dinosauria. The proximal extremity is of the form 
usual in that order. A short distance below the head, the section is T­
shaped, with one end of the transverse limb shorter than the other. ThE 
ridge of which this limb is a section is almost wanting at the head, which 
is thus r-shaped. The limb representing the sten1 of the 'I\ is stouter than 
the others, and forms the summit of a massive column, which soon sink~ 

into tho shaft. Its free extremity is obtuse and rounded, and, though repre­
senting the head, does not rise above the level of the other crests or tuber· 
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osities. The distal extremity of the humerus looks much like that of a 
tibia. It is truncate, and its long axis is in the plane of the tuberosities of 
the head. Its outline is oval, one end narrowed to an angle and the other 
broadly rounded. The surface _is roughened with coarse pits. 

The distal extremity of another long bone, most probably the ulna, is 
n1ore robust than that of the humerus. The shaft is a flattened oval, and 
the articular extremity is a wide· and somewhat irregular oval, the greatest 
transverse dian1eter being nearer one end. The articular surface is rough­
ened with coarse pits. 

Three metapodials were found in immediate proximity to each other, 
two in nearly their normal relations and one slipped forward. T4ey are 
neither remarkable· for length nor abbreviation. The proximal ends aTe 
truncate and the distal ones convex, but without distinct n1edi<1.n grooves 
or lateral angles. Both extremities are moderately expanded, and the 
shafts are contracted at the middle. ':I:'he external bone is a little shorter 
than the two others, and is more flattened. It has a slightly defined con­
vex head, with an adjacent prominent but ill-defined lateral crest. The 
larger of the longer bones has a crest at one angle, like t~at of an olecranon 
process. The proximal end of the same bone is massive', and is trapezoidal 
in outline. The outline of the corresponding head of the adjacent bone is 
triangular. A n1arked character of these bones is the rough or pitted sur­
face of their articular extremities, except the distal end of the shorter bone. 
':rh~ shafts are· solid, and filled with nearly equal coarse cancelli. 

The bones above described are evidently those of a Dinosaurian rep­
tile, and they present characters which have not been previously observed 

. in any other genus of the order. The form of the articular extremities of 
the humerus distinguishes it from the other known genera, especially from 
those of the European Trias. 

The rugose articular surfaces are also peculiar, indicating less than the 
usual mutual movement of the bones upon each other. A cartilaginous 
cap is indicated, which was probably the element from which the mamma­
lian epiphysis was derived. The sculpture of the surfaces is coarser than 
that to which epiphyses are attached in the Mammalia. The name of the 
genus expresses this character. 

3 
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It i~ altogether probable that ~his genus embraced terrestrial animals, 
with powerful fore and hind lin1bs subequally developed. The typical 

species is of gigantic proportions. 

Dystrophceus vicemalce, Cope. 

In the supposed sternum of this anilnal (which I have not seen, but 
which ·was sketched by Professor Newberry), a rather small, slender, and 
compressed process projects from near the middle of one of the sides at 
right angles to it. Only two of the lateral processes are 1·epresented as 
complete. The longer is subspatulate; the shorter su~acuminate. The 
scapula presents three complete borders,-the proximal and two lateral ; 
but the di~tal is not known. Without it, the length is two and one-half 
times the breadt~. The point of junction of the longer (and perfect) short 
border with one of the long borders is much thickened, terminating in a 
mass of bone which is unfortunately broken, but whose section in the line 

of the end border is a wide oval. From this point, the plate thins away· to 
the various borders. The greatest thickness is nearer the border which 
terminates in the enlargen1ent described. This surface is then g~ntly con­
vex in transverse section, while the opposite one is concave to a less· degree. 
It is t.hicker at the 1niddle than at the anterior border in a longitudinal 
direction. 

The proxin1al extrernity of the humerus is much expan.ded. The 
greater tuberosity is a huge crest, as prominent as the head, and separated 
from it by a marked concavity, which constricts the mass connecting it with 

the head, thus forming a neck. This concavity extends about one-third the 
length of the shaft. On the opposite side of the head, a similar concavity 
excavates the shaft, separating the internal from the interior.ridge. rrhe 
latter is in its middle portion as prominent as the. external ridge, and ex­
tends as far downward. The extensive e-~ternal face of this part of the 
bone is nearly flat. 

The internal ridge, descending from the head, continues into the poste­
rior bor_der of the interior face of the shaft. . The great tuberosity continues · 
into the single external ridge of the shaft, which is thus near the middle 
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triangular in section, the base of the triangle internal. · The external ex­
trmnity of the di~:;tal end is therefore an angle, and the internal a convex 

side, shorter than the anterior and posterior sides. A ligamentous groove 

marks the posterior border of the extremityat a point measuring one-third 

of its length from the external angle. The expanse of the distal extremity 
is not n1ore than three-fourths that of the proximal. The entire bone so 
resembles a tibia as to have induced me to refer it at first to that elell}ent. 
The characters of the proximal end are such as to render such identification 
highly improbable. Such reference would also require that the distal ex­
tremity should have a fore and aft direction, an arrangement incompatible 
with the tibia. 

The displaced metapodial is flatteneu, and expanded at the .extremities. 
One side is nearly flat, but slightly concave in the longitudinal direction ; 
the other side is convex and nearly level in the longitudinal direction. 'I1he 
l3:teral ~orders of the shaft are· thus narrowed. The distal end displays a 
convex .condyle, and a flat, prominent ala, which is in the general plane. 
Th~ ala is separated from the condyle by a deep groove on the convex side. 

The condyle is a half-hemisphere only, presenting only with the convex 
side of the shaft, from which it is not separated by a constriction. It is 
bounded at its distal edge by -an angle, which is a continuation of the 
proximal edge of the ala. The proximal extremity is injured at one anB'le, 
but, with this complete, would be nearly a regular rhomboid with parallel 
longer and shorter outline~; the acute angle of the latter being the con­
tinuation of the lateral border of the shaft. 'rhe .. extremity is subtruncate, 
and part of the surface is irregularly excavated by pits and grooves. The 
transverse extent of the proximal end, when perfect, was probably a little 
greater than that of the distal. 

·The two adjacent metapodials are subequal in length, and longer than 
the displaeed one by one-fourth the length of the latter. One of these ·bones 
is throughout rather thicker than the other, although the transverse dian1eter 
of the- shafts is equal; but the stouter bone is considerably more dilated at 
the extremities. The distal end of the stouter bone is thiekened in the . . 
direetion· at right angles to the plane of the liinb ; but the ehief expansion 
is in that- plane. The angle next to the other bone is protuberant, while 
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the other angle is expanded into a sharp, convex crest, or ala. A section 
of this extremity is diamond-shaped, with one of the lateral planes pro­

duced into this crest, while the corresponding border of the opposite side 

drops down, being represented by a mere convexity of the surface, which 
continues to the crest. The surface of the extremity is irregular. The 
section of the shaft is a broad oval, becoming subcircular near the proxin1al 

extremity. The latter is enlarged in both directions. It is a rectangle in 
outline, a little extended in the plane of the lin1b, with one of the angles 
cut off from the corresponding angle to the middle of one side. The long 
side thus left is slightly convex, and ends in an angle. The side subtended 
by this angle is slightly concave, and is approximated to the other bone. 
The opposite side is slightly emarginate near the middle. Its surface is 
very slightly convex, and is irregularly grooved and pitted. 

The more slender of the two bones is but little and about equally 
expanded at the opposite extremities. The distal end would have an ovoid 
section, but for the faet that it is obliquely truncate at the extremity next 
to the other bone. It is convex in the antero-posterior direction and plane 
in the transverse; its surface is grooved and pitted. The side next to the 
other bone is flat or slightly concave at the distal end, and, though thicker 
than the external border, becomes rounded at the middle of the shaft, and 
is again flattened at the proximal extremity. The external border is dis­
tally produced into an obtuse angle; lower down, the shaft has a thin, 
angular border. The proximal end has less antero-posterior diameter than 
the distal, and is subtriangular in outline ; the apex being acute and ex­
ternal. The surface is flat, and is strongly marked with deep grooves. 
The other surfaces of the limb-bones are. smooth, except a few weak ridges 
near the distal ends of the two distal bones. 

Measurements. 

Length of the part of the scapula preserved .......... ·~ •.. o • o • o o o •• r •• o •• o •••• 

Width at the middle .................•....... 0 ••• 0 ...... 0 •••••••••••••• 0. 0 

Thickness at the middle ....•............. 0 ... o •• 0 ......... 0 •••• 0 0 0 0 ••• 0 •••• 

Thickness at the proximal angle . 0 0 •••••••••• 0 0. 0 •• 0 •••• 0 •••• 0 0 •• 0. 0 •••••• 

Total length of humerus ...... o •••• o •• o. o •••• 0 .. 0 :. ~. o •• 0 •• 0 •• 0 ••••• 0 0 0 0. 0. 

n· t f th . 1 d { at the head • ~ .. 0 •• 0 ••• 0 ••• 0 0 0 •••••••• .-. 0 •• 

mme er 0 e proxima en at the tuberosities . o ••••• o ••••••••••••• o •• 
0 

M. 
0.680 
0.270 
0.048 
0.117 
0.765 
0.080 
0.225 
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D
.. f h 1. f { a utero- posterior . . . . • . .. . . . . . . . . . . . . . . . . . . . ....... . 
mmeter o t e sua t r , traus\ er~5e ....................................... . 

D
. f b d' 

1 1 
{ ar.ttero-posterior ............................... . 

mmeter o t e tsta eu( . . t1aus' erse . . . . . . . - . . . . . . . . . . . . . . . .......... . 
Trausverse diameter of the head of the lJ umerus ................•..•..•..... 

D. f h . f' th .. 1 f antero-posterior . . . . . . -- ........ .. mmeter o t e extrem1 ty o e 1 u na \ { transverse ............... , ........ ~ 
Length of the external metacarpal ........................... ~ ............ . 

Proximal -diameter { antero-posterior · · · · · · · ·- · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · 
transverse ............................... .., ......... . 

Diameter of the slJaft J antero-posterior · · · · · · · · · · · · · · · · · · · · J • • • • •• • • • • • • • • • 

t transverse ....................................... . 

Diameter dista11y { anter~-p~sterior · · · : · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
trans\ erse ...... _ ..................................... . 

Length of the median metacarpal (stouter) ................................ . 
Diameter proxima11y { antero-posterior . . . . . . . . . . . . . ..................... . 

transverse ..............................•......... 
Diameter of the shaft (transYerse) ...................................... ~ .. 
D' t <l' t 11 { antero-poRterior ..............................•........ 

lame er JS a r· transverse ........................................... . 
Length of the median metacarpal (slender) ...................•............ 
D' t f ·th . 1 d { antero-posterior ...... ·...... . . . . . . . ...... . 

tame er o . e prox1ma en transverse •............................... 
Diameter of the shaft (transverse) •........................................ 

Diameter distally { antero-posterior . . . . . . . . . . . . . . . . . . . . .. . . . . . ........... . 
transverse . . . . . . . . . . . . . . ............................ . 

36A 

0.080 
0.078 
0.085 
0.14() 
0.160 
0.110 
0.150 
0.210 
0.045 
0.100 
0.033 
0.067 
0.050 
0.115 
0.245 
0.057 
0.115 
0.055 
0.074 
0.08'3 
0.240 
0.057 
0.089 
0.049 
0.041 
0.083 

More than usual interest attaches to this fossil. It is the first one found 

in the Triassic beds of the Rocky Mquntain region, and was derived fron1 
an inhospitable region rarely traversed by white men. The locality is in 
the Painted Canon, not far from the Sierra Abajo, in Southeastern Utah, 
near the Colorado boundary; latitude 38° 15', longitude 110°. rrhis canon 
is one of those tributary to the Great Colorado R.iver, and is without water. 
The rock is described by Professor Newberry as the same ~s that which I 
have identified in New Mexico as the Trias, and is of the usual red color. 
The occurrence of a terrestrial Dinosaurian at that locality tends to con­
firm the conclusion to which I have already attained, that this immensely 
extended deposit is of lacustrine character. 

Professor Newberry gives an interesting account, in his report to Cap­
tain Macomb,* of the locality in which the bones of this reptile 'vere found. 

*.Exploring Expedition from Santa Fe to the Junction of Grand and Green Rivers, 
1859, p. 91 (1876)-. 
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lie regarded them as belonging to a Saurian, and adds that he found in the 
same stratum the only fossil shells he had ever seen fron1 that forrnation in 
New Mexico. These have the fonn of Natica, "but are probably not sus­
ceptible of accurate classification". 

FIG. 3.-Metapodials of Dystroplueus ''iamtalro. 



CHAPTER XII. 

THE FOSSILS OF THE EOCENE PERIOD. 

PISCES. 
The re1nains of fishes are abundant in theW ahsatch formation inN orth­

western Ne'v Mexico. The families and orders represented are few, and 
present ·striking differences from, as well as resemblances to, those of the 
Bridger fonnation. The predominant family in New Mexico is the Lepidos­
teidce, or Bony Gars, which are also abundant in the Bridger beds; but, in 
the latter, they are associ~ted with equally numerou~ Amiida and Siluricke, 
of which no trace has been discovered in New Mexico. Further, the teeth 
of Sharks occur sparingly in the latter region in the same beds 'vith the 
Gars,· while, in the Bridger beds of Wym;ning, this gi'OUp of animals is 
entirely wanting. 

The remains of Lepidosteida are found everywhere, and in place. The 
teeth of the sharks are always more or less worn or rolled, and are most 
comn1on in a bed of coarse sandstone ·which lies near the middle of the 
series. This bed also contains the teeth of Manunals, e. g., Hyracotherium, 
Phenacodus, &c., in a similarly worn conQ.ition. Fragn1ents of oyster-shells 
also occur in the same neighborhood ; those that I proctu·ed not being in 
place as were the teeth. As the Eocene lake is supposed to hav~ been 
fresh, and as the Lepidostei are. not marine fishes, it becomes questionable 
whether the Oysters and Sharks are not intrusive fossils, derived from the 
adjacent Cretaceous strata which formed the shore of the ancient lake. In 
support of this view, I may state that I obtained one species, the Galeo­
cerdo pristodontus, Agassiz, fron1 both Eocene and Cretaceous formations, the 
latter in an unworn condition. In opposition to it, I 1nay add that the l\Iatn-

:37 
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malian teeth accompanying those of the Sharks. are not transported from 
another formation, and there is nothing to show that the origin of the two was 
different. A similar state of things exists in the siderolitic Eocene beds of 
the canton Vaud, Switzerland, where Mammalian bones are mingled with 
Sharks' teeth. lH. La Harpe remarks respecting these, that there is nothing 
to show that these teeth are not in place in the Eocene beds, and no evi­
dence that they have been transported. The genera of Sharks observed 
by me in New Mexico are still existing (Lamna, Galeocerdo, &c.), and 
are strictly marine. The cause ·Of their occurrence in beds usually 
supposed to be lacustrine cannot be stated; but, as Mollusca are almost 

wanting from the latter, there is no evidence to disprove the supposition 
that the ancient lake bad open co~munication with the ocean, and that its 
waters were, at one time at least, more or less salt. 

The species, so far as determinable from the injured state of the speci­
mens, are known Cretaceous and Tertiary forms. They are Lamna texana, 
Roemer, and an undetermined. Lamna; an Oxyrhina or Otodus, undeter­
mined ; Galeocerdo pristodontus and G. ? aduncus; and a fragment of a large 
tooth, with straight denticulate edge. These teeth are figured on pl. xxii, 
figs. 18-19. The remains of Lepidosteidce come next in order. 

GINGLYMODI. 

Two genera of this order are known from the Tertiary formations of 
North America ; Clastes, from the Eocene, and Pneumatosteus, Cope, fron1 
tho l\Hocene beds. The forn1er has only been found in the Rocky ~Iount­
ain region, the latter in the East, in North Carolina. rrhe existing species 
are confined to North and Central America, and belong to two genera, Lepi-
dosteus and Atractosteus. 

CLASTES, Cope. 

Annual Report U. S. Geol. Survey. Terrs., 1872, p. 633. 

Clastes aganus, Cope. 

Plate xxiii, figs. 10-29. 

This Garfish is represented by a number of fragments of the cranium, 
several vertebrre, and numerous scales, belonging to one individual. Less 
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numerous portio·ns of 1nany other individuals were foun'd, which do not pre­
sent specific differences. 

The cranial bones of the superior walls are rather thick. Their supe­
rior surface is thrown into obtuse folds, or ridges, which inosculate exten­
sively, leaving interspaces of about their own width. The summits of these 
ridges are- not ornamented with small plates, or bands, of enan{el, as is usual 

in many Eocen~ species, except in some small dots near the borders of one 
of the thinnest cranial bones. It has occurred to me that this lack might 
be due to attrition; but the character is uniform in several specimens other­
wise unworn, and with the enamel of their scales in good prese:rvation,. so that 
I cannot attribute it to this cause, and have given the species a name in 
allusion to it. About an inch of the basi-occipital bone is preserved. It 
displays the typical characters of Lepidosteus in its projection posterior to 
the exoccipitals and its strong inferior longitud~nal groove. It is deeply 
excavated for the spinal cord. 

The vertebrre are all dorsals, beginning with the one succeeding the 
basi-occipital. The first is smooth and slightly excavated on the middle 

line below, and strongly excavated for the neural canal. rrhe diapophysis 
is small and subcylindric, and there are two small pits at the base of the 
neurapophysis. The second dorsal has a flattened face below, which is 
marked with several shallow longhudinal grooves. T,vo stronger ones 
appear below the cylindric diapophysis, and a profound one at the base of 
the neural arch. The dorsals, which follow after a short interruption, begin 
to be a little longer, and have the characteristic deep longitudinal pit on the 
lower part of the side of the centrum. These leave the inferior face as a 
rather wide _rib, which widens slightly in the posterior direction. Its sur­
face is interrupt~d by a median and one or two lateral grooves. There is -
_a deep longitudinal pit at the base of the neurapophysis, and a depressed 
smaller one at the superior posterior base of the diapophysis, and another 
like it at the inferior anterior base. Posterior to these vertebrre, the centra 
become a little longer, and narrower at. the articular extrernities. The 
1nedian groove of the narrow inferior plane alone remains. The superior 
border of the articular cup i~, in all the vertebrre preserved, excavated by 
the netu·al canal; tho excavation of the ball is less marked or wanting. In 
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the anterior vertebrre, both articular extremities are excavated on each side 

below the rniddle in correspondence with the lateral fossre, so as to produce 

a shortT -shape. This excavation becomes less, and disappears on the pos­

terior vertebrre. 
The scales are acute, and the gano!ne is entirely smooth. The two 

basal processes are of moderate length. The tube of the lateral line enter:; 

the posterior border, and issues on the inferior side of the scale at a point 
from two-fifths .to one-third the length from the apex. 

In size, this species was sin1ilar to that of the Atractosteus ferox of the 

Mississippi. 
Four species of this genus have been described, and an additional one 

(Lepidosteus simplex, Leidy) figured. The former are the C. anax, Cope, 
C. cycliferus, Cope, in the Annual Report of the United States Geological 
Survey of the Territories of 1872, and C. atrox (Lepidosteus, Leidy) and 
C. notabilis (Lepidosteus, Leidy) in the Report of the United States Geo­
logical Survey of the Territories, I, p. 189. The C. a[lanus differs from 

these in the following particulars: Its "posttemporal" bone is but one­
fourth the size of that of C. anax, and is less profoundly sculptured; it 

has not the ganoid cranial ornatnentation and rounded scales of the C. cycli­
ferus. The articular faces of the vertebrre are more depressed than in the 
C. atrox, and are excavated on their inferior borders in a 'va y not seen in 
that species. In an anterior dorsal of C. notabilis, the floor of the neural canal 
is convex at the border of the centrum, a character which does not belong 
to any of the vertebrre of tho C. aganus. 

JJieasuremen ts. 

Thickness of a superior cranial bone ....................................... . 
( t' 

1 
~ lateral ........................ . 

. f b . . . t I t 1 . ver Ica . Dmmeter o asiOcCipi a co y us~ medmn ...................•.... 
l transverse ............................. . 

Width of inferior basioccipital groove ...............................•.•.. 
\vertical (median) ............................ . 

Diameter of second dorsal~ transverse ................................. . 
L longitudinal ..........................•..•.. 
\ vertical ...•................................ 

Diameter of anterior dorsal~ transverse ................................•. 
t longitudinal ............••••..••.•..•.•••... 

M. 
0.005 
0.015 
0.010 
0.023 
0.007 
0.011 
0.018 
0.010 
0.0135 
0.0155 
0.014 
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Width of inferior rib of do. at middle.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 006 
\ \'ertical ................ -....... ~ . . . . . . . 0. 012 

Diameter of more posterior dorsal~ transYerse ..........•. _ ....•.........•. 0. 015 
l longitudinal .......•..... ~. • . . . . . . . . . 0. 010 

Depth of ganoid area of a scale ... ·... . • . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . • • • 0. 014 
Length of ganoid area of a scale . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . • . . . . . . . . 0. 020 
Thickness of the same at the middle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0045 
Width between posterior bases of exoccipita1s....... . . . . . . . • .. . . . • . . . • . • • . . 0. 0085 

Clastes integer, Cope. 

Plate xxiv, figs. 1-16. 

Gar, Cope, Ann. Report Chief Engineers, 1874, p. 592. 

This species of Fish is represented. by ren1ains similar to those of the 
last, i. e., by cranial bones, vertebrre, and scales. The characters of the 
surfaces of the first and last-named parts do not differ from those of C. 
aganus, but the vertebrre present peculia~ features. The inferior face of the 
first vertebra is more deeply excavated than in that species. The inferior 
face of the centrum is not marked with the deep median groove so char­
acteristic of the corresponding, and indeed of all the dorsal vertebrre of C. 
aganus, being smooth and entire. The lower part of the margin of the 
concave and conve'X articular faces of the centrum of the same vertebra is 
not excavated on each side, and these borders are nearly straight. In a 
second and smaller specimen, the inferior face is also entire, and the articu­
lar faces are subcordiform and regularly contracted below. The grooves 
of the inferior surface continue throughout the length of the column in the 
existing Lepidosteus of the 0 hio. 
· The caudal vertebrre of the C. integer present the usual characters of the 
recent species. 'l..,hey have a narrow lateral rib and broad decurved para­
pophyses; the inferior su1face has two narrow approximated ridges, inclos-. 
ing a longitudinal pit with the parapophysis. 

The scales are genera:lly smooth, but a few near the ~scapular arch are 
marked with longitudinal linear interruptions of the ganoYne. 

Measurements. 
M. 

Length of first dorsal...... . • . . • . . • . • . • . . . .. . . • • . . . . . . . . . . . . . . . . . . . . • . . . . . • 0. 008 
Depth at middle... . . . . • . . . . . • . . . • • . . . . . . . • . . . . . • .. • . . . . . . . . • . . . . . . . . . . . . . 0. 011 
Width of centrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . • 0. 026 
Length of a median dorsal. . . . . . . . . . . . . . . • . . • . • • . . • . • . • . . . • . • • . • • . . . . • . . . • 0. 015 
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Depth of centrum of same.... • . . . . • . . . . . . • . . • . . . . . . . . . • • • • • . • • • • • . • • • . . • • 0. 012 
Length of anterior caudal . . . . . . . . . • • . . . . . . • . . . . • . • • . • . . • • . • • • • . • . • . . .. . . . . 0. 019 
Width of centrum do. (depressed) .••••••••• o ...... o.... . . .. . . . . . . . . . . . . . . . . . 0. 013 
Length of a· median caudal . • • • • . . . . • . ..................... ~... . • . . . • • . . • • 0. 018 
Depth of sa.me in front .•• , ............................ I •••••••••••••••••• ., 0. 011 
Width of same in front ....................... ~ ••. ~....... ... • . • • . • • . . • • • • • • • • 0. 012 
Length of ganoid surface of a scale .................................. I... . . . .. 0. 019 
Depth of ganoid surface of a scale .••....•...•.••.• ~ . . . . . . . . . . • • . . • . • • . . • . • 0. 015 

The points in which the C. aganus differs from the species heretofore 
described are .shared by the C. integer, excepting those in which it differs 
from the 0. atrox. The entire smoothness of the inferior face of the ver­
tebral centrum distinguishes the G. integer from that species. 

REPTII~IA. 
As is the case with the corresponding Eocene formations elsewhere, 

the 1nost numerously represented class of Vertebrata is, after the Man1mals, 
the Reptilia. But three orders are represented, which are all still existing, 
viz, the Lacertilia, the Testudinata, and Crocodilia; the Ophidia have· not 
yet been found in the Wahsatch beds. The rrortoises are extremely nume­
rous in individuals and species, and the Crocodiles only a little less so; 
remains of Lizards are comparatively ra~e. 

LACERTILIA. 

On several occasions, osseous cranial and dern1al scuta of Lizards were 
obtained, but always in such a state of dislocation as to forbid the proper 
identification of the genera and species. They are ornamented on their 
superior surfaces by regularly-arranged tubercles, of a shining substance, 

resembling ganoine, or enamel. The dermal scuta are rectangular, and dis­
play a fine suture on their borders. 

The species probably belong to the Placosauridce of Gervais, whose 
remains have been found in the Eocene of Europe. I give fig·ures of some 
of the fragments on _pl. xxxii, figs. 26-36. 



EOCENE 'l:ESTUDINATA. 43 

TESTUDINATA. 

The genera of Tortoises obtained number s1x. Of these, Trionyx, 
Dermatemys, and Emys still exist, while Plastomenus, Baena, and Hadrianus 
are extinct, and, so far as known, characteristic of the Eocene period alone. 

rrhe entire number has been found in the Bridger beds of Wyoming. 
Besides the descriptions from the carapace and plastron given below, 
mention may be made of some vertebrre whose correct reference cannot 
now be made. These are opisthocoolian, with well-developed zygapophyses, 
and a solid mass of a depressed-oval form for neural spine. The centra are 
compressed and elongate, and indicate a long tail, as in the genus Chelydra. 
The diapophyses are well developed, and the chevron-facets are excavated 
and continuous with the posterior cup. 

TRIONYX, Geoffr. 

Turtles of this genus were exceedingly abundant during the Eocene 
p'eriod in New Mexico. Over considerable tracts, where other fossils are 
rare, these are commonly found. They present considerable uniformity of 
sculpture, and mostly have t~e coarse character of the Cretaceous species 
rather than the delicate patterns of surface of the existing and many of 
the Miocene species. The. only species which appears to be identical with 
those of the Bridger formation is the T. guttatus, Leidy. 

All of the species are of considerable size, and the l;>ones of the cara­
pace and plastron are rather thick. The sculpture of the median portion 
of the carapace is in all a coarse, uninterrupted honeycomb; that of the 
plastron is of finer character. To T. leptomitus, Cope, I refer five individuals; 
to T. ventricosus, two individuals; toT. cariosus, Cope, five individuals; to T 
radulus, Cope, three; and to T. guttatus, three. Many other specimens are 
not finally classified, owing to the absence of the essential parts of the 
carapace, &c.· · 

The characters are as follows: 

I. Costal bones with transverse ribs at their distal ends: 
A. The dermal ossification extending beyond the ba~:;es of the free rib-ends. 
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Trionyx leptomitus, Cope. 

Plate xxvi, figs. 1-4. 

Catalogue of Eocene Vertebrata, U.S. Geog. Survs. W. of 100th M., 1875, p. 35. 

The costal ridges numerous, close together, and parallel; the hyposternal 

bones pitted, the pits separated by thick ridges or intervals. 
In the typical specimen, the distal end of a costal bone is crossed by 

numerous parallel ribs separated by intervals very little wider than them­
selves, and which inosculate but little. Eleven of these ridges n1ay be 
counted between the broken extremity and the free border. Associated 
'vith this specimen is a hyposternal bone, which is especially massive, and 
is convex on the inferior face. The twin gomphosial processes are remark­
ably short and stout. A smaller hyposternal bone, collected by A. R. Conk­
ling, of the expedition of 1875, exhibits the san1e characters. It is unfortu­
nately not accompanied by carapace. 

A third specimen includes a number of portions of the carapace. The 
middle portions of the costal bones present the usual reticulate pattern, of 
smaller' size than in the T. radulus, &c., and their distal portions are marked 
with closely-placed parallel ridges, which are frequently connected by 
cross-ribs. The superior layer of the costal bone projects like a roof over 
the base of the free portion of the rib. 

Measurements. 
M. 

Thickness of costal of No.1 ....••..............•.... ~ ......•.....•....••.•• 0.010 
Length of fragment of the same.... . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . • . . . . . . . 0.032 
'Vidth of base of twin processes of hyposternal of the same........... . ..... 0.024 
Thickness of hyposternal of the same.. . . . . . . . . . • . .. . . . . . . . . . . . . . • . • . . . . . • . . 0.008 

Trionyx cariosus, Cope. 

Plate ·xxvi, fig. 5-10. 

Systematic Catal. Vert. Eocene, U.S. Geog. Survs. ,Y. of lOOth M., 1875, p. 35. 

This is an abundant species in the New Mexican Eocene. While the 
proximal portions of the costal bones exhibit the. usual honeycombed 
sculpture, the distal portions, for a considerable length, possess the longitu­
dinal ridges only, or with only occasional connections between them. 
The difference between this species and the T. leptomitus consists in the 
relative re~noteness of the ridges, 'vhich are separated by intervals of two 
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and three times their width. The superior layer of the costal bones is 
. produced far beyond the inferior or costal portion, causing a deep longitu­
dinal grooving of the free border of the carapace. At the sutures, the pits 
are lengthened so as to continue across them, there resulting an unreticulated 
band extending on each side of each suture. 

In a large specimen represented by many fragments, the postabdominal 
bone is thicker than any of the costals, and presents a rather short free 
margin round its lateral extremities. Its surface is sin1ply honeycombed,· 

The hyposternal of the first specimen is flat, and presents a rather 
irregular reticulate sculpture medially. 

Jfeasurements. 
M. 

Thickness of distal end of first costal, No. 1., •... ·. . • . . . . . . . . . . . • . . . . . . . . . . . • 0.011 
Length of over·hanging free edge of first costal, No. 1 ..... ; .. :. . . . . . . . . . . . . . . 0.012 
Thickness of postabdominal bone, No. 2 . . . . . . . . . . . . .•. _ .•..•.•. ~ • • . . • . • . . • • 0.015 
Antero-posterior width of postabdoniinal bone, No.2........................ 0.046 
Thickness of a costal bone medially...... . . . . . . . . . . . . . . . . .. . . . . . . • . • . . • . . • . • 0.012 
Thickness of another costal bone proximally.. . . . . . . . . • • • • .. .. . • . . . • . . . . .. . . . • 0.007 
Width of another costal bone proximally ...................... _ .••.. ~ . .. . . . . • 0.042 

AA.-ThA superficial part of the costal bones not overhanging, but obliquely contin-
uous with the free rib-extremity: 

Trionyx radulus, Cope. 

Loc. cit., p. 35. 
Plate xxvi, figs. 11-16. 

This turtle is nearly allied to the T. cariosus. As in it, the proximal 
portions of the costal bones and the vertebral bones are honeycombed, 
while the distal parts of the former -are parallel-ribbed. Five to nine of 
these ribs can be counted from the free end. They are not .closely placed, 
being narrower than their intervals. The size of the species is the san1e as 
that ofT. cariosus, but the costal bone.s are more uniformly thinner. 

Measurements. 
M. 

Width of a costal bone, No. 1...... . . . . . . . . . . . . .. . .. . . . . . .. . . . . . . .. . .. . . . . . 0.044 
Thickness of a costal bone, No. 1 . . . . .. . .. . . . . . . . . .. . . • . • • . . . . • . .. . . • • . . . • . 0.006 
Width of a vertebral bone, No. 1 ....................................... ~.. 0.029 

Trionyx ventricosus, Cope. 

Plate xx.vi, figs. 17-23. 

Represented by portions of three individuals from the collections of 
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1874 and 1875 respectively. The sculpture of the carapace of these differs 
from that of the other species in consisting everywhere of close and rather 
fine vermifonn ridges, which are frequently interrupted, and as frequently 
inosculate. Some of the associated fragments have a tubercular appearance, 
while others are reticulate in a small pattern. 'I'he accompanying hypo­
sternal bone is characterized by its downward convexity and the thickness 
of its external free border. The twin gomphosial processes are short and 
stout. The sculpture is in parallel wrinkles, which inosculate sometimes, 
and are sometimes interrupted. 

While this species approaches slightly the Trionyx leptomitus in the 
sculpture of the distal part of the costal bones, and the form of the hypo­
sternals, it may readily be distinguished by the totally different sculpture of 
the latter, and of the proximal part of the costals, and by the beveled edge 
of the superficial layer of the carapace, which does not overhang the free 
end of the rib. 

Measurements. 
M. 

Width of a costal bone proximally .............................. ~... • • . • • . . • • • 0.025 
Thickness of a costal bone . . . . . . . . . • . . . . . • . . . . . • . • . . • • . . . . . • . . . . . . . . . . • . • • 0.007 
Tliickness of a costal bone distally .......... ~... • • . • • • . • . • • • .. .. . . . . • . . .. . . • 0.008 
Thicknes~S of a hyposternal bone distally. . . • . • . . . .. . . . . . . • . . • • • . . . .. . .. .. • • 0.008 

This species is smaller than the others, but very stout. 

!I.-The pitted sculpture of the costal bones extending to their ends: 

Trionyx guttatus, Leidy. 

Trionyx gu.ttatus, Leidy, Report U.S. Geol. Surv. Terrs. (4to), p. 176, pl. ix, fig. 1. 
T. uintaiJnsis, Leidy, Cope, Syst. Catal. Vert. Eocene New Mexico, U.S. Geog. Survs. W. 

of lOOth M., p. 35 (not of Lei<ly). 

The distinguishing character of this species is expressed in the above 
definition of section II. To it must be added that the distal ends of the 
costal bones are beveled regularly to the free rib-extremity. 

Almost the entire carapace of one of the individuals of this species was 
obtained by myself. The pitting is uniform and without interruption, 
extending even to the sutural edges of costal bones. It is strong on the 
vertebral bones, but, near the distal ends of the costals, becomes obscure; the 
border itself being smooth. The ribs 'separating the pits are coarse, but not 
so wide as the pits. From the suture of the first costal, it is evident that 
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the nuchal \Vas large and thick, and that it underran the costal, forming a 
beveled suture. Costal capitula wide .. The costal bones are scarcely 
thicker distally than proximally, i. e., from 7 to 9 millimeters. 

I originally referred these turtles to the T. uintaensis of Leidy, but now 

believe that they present rather the characters of the nearly-allied T. gutta­
tus.of the same author. Both have been found in the Bridger ·beds with 

the T. heteroglyptus and T. concentricus of the writer. 

PLASTOMENUS, Cope. 

U. S. Geological Survey of the Territories, 1872, p. 617. 

The structure of the skeleton in this genus remains incompletely known 
in spite of the abundance of specin1ens which I procured in the Eocene 

beds of New Mexico. As already stated, it is allied to the genus Trionyx, 
but differs in .some import~nt point~ in the bones of the plastron. 'rhe 
hyosternal bones which I have seen in P. multifoveat~ts and P. trionyclwides 
are generally like those of Trionyx, while the hyposternals, if I have cor­
rectly identified then1, differ materially. These elements are preserved in 

the two species named and in P. corntgatus, and here they display a trans­
verse width behind the inguinal · region more like an Emydoid than a 

rrrionychoid genus. , The inguinal ~order is thickened, and at t~e bridge 
somewhat recurved. In P. corrugatus, there is a fontanelle at the supposed 
postabdon1inal suture, as in Trionyx, while there is no indication of one in 
the P. trionychoides. The hyosternals also display a more completed ossifi­
cation than in Trionyx, in the fullness of tne borders between the internal 
and external digitati'ons. Thus, in P.· multifoveatus, the internal border is 

· regularly convex, and the processes for the episternal bone scarcely project 
beyond it. The external digital process projects n1ore extensively, while 
the free ends of the ribs exte:od little or not at all beyond the border of the 

carapace. Among the various remains from "r yoming and New lVlexico, 
no marginal bones have been found. 

Portions of the skeletons of the species·of this genus are very abunrlant 
in the Eocene of New 1\(exico. 'rhough one seldom obtains an. entire 
carapace or plastron, the form, size, and sculpture indicate that the remains 
belong to several species. The figures, composed of ridges, pits, etc., 
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variously distributed, are often quite elegant. The species do not attain the 
average size of the Trionyches of the same era; but the P. communis, P. 
lachrymalis, and P. multifov.eatus exceed in dirpensions the living species of 
North American waters. 

The species above named, in which the sternal characters are evident, 
are the only ones which can certainly be referred to the genus; but several 
others from the Eocene bed~ can with much probability be referred here 
also, the whole number being eight. Four species from the Fort Union 
Cretaceous beds have been referred to Plastomenus, but, as already remarked, 
as a provisional arrangement until their structure is better known. The 
P. thomasii is also of uncertain reference to this genus. 

I. Surface without welts, or with the sculpture thrown into ridges: 
a. No ridge-lines: 

Surface with sharp, fine wrinkles ................... ~ •..•.•.... P. corr1tgatus. 
Surface with more remote wrinkles, little inosculating .••..•. P. trionychoides. 
Surface honeycombed with thick, inosculating ridges .•.•••• . P. multifoveatus 

aa. Sculpture thrown into ridges: 
Surface coarsely honeycombed with fine ridges .•.... , •..•••..... P. fractus. 

II. Sculpture interrupted with solid welts; pits small or reduced to punctoo: 
Surface with transverse ribs separated by one or two rows of pits . . P. serialis. 
Welts few, oblique, separated by numerous pits .••.•......••.. . P. communis. 
Welts broken up into short ridges behind; intervening surface 

punctate ..• ~ ...•..•.•••.•••.....•.•...........•..••....•• P. lachryrnalis. 
Welts represented posteriorly by tubercles separated by smooth 

surface; anteriorly unbroken, the surface punctate ..•.•....... P. redemius. 

Of these species, P. corrugatus, P. muUifoveatus, P. fractus, P. serialis, 
]:J. communis, and P. lachrymalis have been found in the W ahsatch beds of 
New Mexico; and the P. trionychoides, P. multifoveatus, and P. r.edemius in 
the Bridger beds of Wyoming. 

I.-Carapace with ridges which inosculate less or 1n0re: 

Plastomenus corrugatus, Cope. 

Plate :xxv, figs. 20-26. 

Catal. of Eocene Vert. of New Mexico, U.S. Geog. Survs. W. of lOOth M., 1875, p. 35. 

Ridges fine, inosculating less ; no welts. 
Remains of six individuals are p1~ovisionally referred to this species; 



EOCENE TESTUDINATA. 49 

but they present such variations in size and sculpture as to render further 

investigation nece~sary. The degree of inosculation of the ridges evidently 
differs rnuoh in different parts of the same car_apace, but no portion of it 
presents the open honeycomb pattern of the P. /ractus. ~he typical indi­
vidual is, however, represented only by a hyposternal bone, and portions 
of carapace are only provisionally associated with it. This bone is orna­
mented with sharp, raised, narrow ridges, which are straight or venrticulate, 
and which inosculate but little. The broken base of the bridge is partieu­
larly stout, and the thickening continues within the inguinal b~rder to the 
postabdominal extremity. The inguinal edge is thinner, and is incurved at 
the postabdominal gomphosis. 

..Meas~trements. 
M. 

Thickness of hyposternal at middle.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
Thickness of hyposternal at bridge... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 009 
Seven ridges measure ............................ ~ .. . . . . . . . . . . . . . . . . . . . . . . 0. 010 

Plastomenus multifoveatus, Uope. 

Plate xxv, fig. 11. 

Plastornenus multifoveatus, Cope, Ann. Ueport U. S. Geol. Surv. Terrs., 1872, p. 619. 
? Plastornenus catena,tus, Cope, S_ystem. Cat. Vert. Eocene New Mexico, U. S. Geog. 

Sun·s. W. of _10Uth M., 1875, p. 35. 

In this species, the pits of the sculpture are smaller on account of the 
increased thickness of the separating ridges. ':rhese inosculate more or less, 
according to the portion of the carapace. There are no welts. Thickness 
of a costal bone (type of P. catenatus), om.004. 

Portions of this species from W jotning were originally referred to the 
P. thomasii; but the individual to which they belong has n1uch wider hypo­
sternal bones in the antero-p9sterior direction, while the hyposternal of 
P. thomasii is n1ore like that of a Trionyx. The New l\fexican specimen 
presents son1e differences, but it is uncertain whether they are specific. 

Plastomenus fractus, Cope. 

Plate xxv, figs. 1-219 . 

. System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 35. , 
Five individuals in a fragnwntary condntion represent this 'I\utle, and 

present greate1~ uniformity of character than son1e of the others. The 
4 G p.. 
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sculpture is a honeycomb, where the foHsc.e are wider than the separating 

ridges, which is traversed at intervals of two or three fossre by elevated 
lines, which are transverse or oblique to the long axis of the costal bones 

;tS they are situated in the carapace. These lines are elevated portions of 
those separating the fossre, and hence differ entirely from the smooth, thick 
welts of the species of the genus which follow. They are usually zigzag 

in their course, as defining the pits, and someti1nes inclose small pits. The 
vertebral bones are strongly pitted. None of the specimens indicate large 
s1ze. 

llleasurements. 

Width of a vertebral hone ........................... ".. . . . . . . . . . . . . . . . . . . 0. OJ 2 
WidtlJ of a costal bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 02~ 
Thickness of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Interval between two rail3elllines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 007 

!I.-Sculpture coarsely or finely punctate : 

Plastomenus communis, Cope. 

Pla.te xxv, figs. 1-6. 

System. Oat. Vert. Eocene New .Mexico, U.S. Geog. Survs. W. 100th M., 1875, p. 35. 

Carapace coarsely pitted in transverse lines, the surface crossed trans­
versely, obliquely, or longitudinally by uninterrupted ·welts. 

The typical specimen of this species is of considerable size, and 
embraces the greater part of the carapace in a fragmentary condition. 
There are portions of three other individuals of similar proportions, and 

parts of four other smaller ones. Of the latter, two, which I refer to as 
var. II, are disproportionately thin, so as to occasion question of their 
proper reference here; while two others, still smaller, are relatively stou_~er, 
so as to render it probable that they are young animals of the P. communis. 

The typical specimen, as well as the stouter ones referred to it, is 
characterized by an increase of thickness to the free border of the carapace, 
which is unusually obtuse and heavy. No rib-extremities project beyond it . 

.1lf eas urernents. 

Width of a costal bone. . . . . . . . . .. .. . . . . .................................. . 
Thickness at the border of the sam~ ...................................... . 
Fivepitsin .•................................................ .. : ......... . 

M. 
0.044 
0.012 
0.010 
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M. 
,Width of a costal bone of a small turtle....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 020 
Thickness of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Five pits in . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 0. 010 
Width of a costal bone of the thin form .... p • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 025 
Thickness of the same ..................................•.. ·. . . . . . . . . . . . . . . 0. 005 
Irive pits in ........................ _ ........................... _.. 0. 010 

Plastomenus serialis, Cope. 

Plate xxv, figs. 8-10. 

Costal bones having the sculpture regarded as definitive of this species 

were found in five different localities; but, as they were found isolated, the 
other portions of the skeleton cannot be satisfactorily detennined. 

The species is readily distinguished by the closely-placed, subparallel 
ridges which cross the ribs parallel to the axis of the body, which are sepa­
rated by one or two rows of in1pressed dots, or small fossre. In some speci­
mens, the latter are obsolete. 

Measurements. 
1\1. 

Width of a costal bone, No. 1 . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . .. . . . . . . . . .. . . 0. 027 
Thickness of the same ..................•....................... , . . . . . . . . 0. 005 

Four and a half cross'tl'ibs in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 
Width of a costal bone, No.2 ..... · .... -·................................... o. 018 
Thiel\ ness of the same ...................................•.. p. • • • • • • • • • • • 0. 003 
Three and a half cross-ribs in .................... ·. . . . . . . . . . . . . . . . . . . . . . . . . 0. 009 

This is the species which I described in the Systematic Catalogue 
of the Vertebrata of the Eocene of New· Mexico under the name of 
P. ? thomasii, a provisional identification not justified by further exami­

. nation. 
Plastomenus lachtymalis, Cope. 

Plate xxv, fig. 7. 

Report on Vertebrata of New Mexico, U.S. Geog. Survs. W. of lOOth l\i., 1874, p. 15. 

Costals with finer pits, the '\velts broken into tubercles posteriorly. 
The largest species of the genus represented in the Eocene of New 

Mexico. The costal bones are rather finely punctate, the posterior as well 

as the anterior. The anterior costal bones are crossed by nun1erous ridges 

from side to side obliquely; the obliquity increasing posteriorly. On the 
posterior bones, they are broken into vertical bars, separated by consider-
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able intervals, and of linear form. The posterior costals reach a thickness 
of om.006 and a width of om.025. 

The pitting of the posterior part of the carapace distinguishes this 

species from the P. mdemius. 
But one specimen obtained. 

BAENA, Leidy. 

Baena arenosa, Leidy. 

Plato xxiv, fig. 32. 

Report U. 8. Geol. Surv. Terrs., i, p. 161. 

One specin1en obtained, which consists of the middle transverse portion 
of a chelonite, the only one procured by me in New JUexico. It exhibits 
the characters of specimens from the Bridger beds of Wyoming in the 
longitudinal and oblique ridges of the vertebral region and flared postero­
lateral border of the carapace. 

.11Ieasurement s. 
M. 

Total "·idth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 245 
Depth at middle . . . . .. . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . .. . . . . . . . . . . . . . .. • . 0.110 

DERl\lATEM:YR, Gray. 

Baptemys, Leidy, Report U. S. Geol. Snrv. 'fm-rs., 1873, p. 1[}.:1, 

Dermatemys costilatus, Cope. 

· Plate xxiv, fig. ~~2. 

System. Oat.. Vert. Eocene New 1\iexico, U.S. Geog. Snrv~. W. of 100th M., 1875, p. 36. 

Six individuals contribute fragments to our knowledge of this species, 
but without the completeness desirable. The species is essentially char­
acterized by the presence of an elevated but obtuse rib, which crosses the 
costal bones at right angles to their length. As costals with all degrees of 
definition of the rib are preserved; I suppose that it disappeared at the 
middle of the carapace, or only existed on the posterior portion. Associ­
ated with the costals are vertebral bones, with a. similar but more pronounced · 
rib on the median line; this, also, is faint or wanting on associated verte­
brals. I therefore suppose that this keel, alsq, is confined, as in the 
D. vyomingensis, to the posterior extren1ity of the carapace. Other portions 
of the skeleton are of uncertain reference; but there are associated, in four 
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of the specimens, portions of plastron with the free borders marked by a 
broad, smooth b_and, which thickens inward· to an abrupt, descending 
margin. The surface of this border is regularly n1arked with parallel, 
obtuse ribs. The vertebral bones on which the median rib is obsolete have 
their lower surface produced in a projecting point on each side of the rather 
narrow excavation for the extremity of the vertebra which precedes each. 
rrhe size is about that of the Dermatemys vyorningensis, and the robustness 
of the bones similar. 

The reference of this species to the genus Derrnatemys is provisional 
only, and is base~ on specific resemblances to the D. vyorningensis, Leidy. 

EMYS, Brongniart. 

Tortoises having the carapace and plastron of this genus were abundant 
in New Mexico during the W ahsatch epoc_h. Fragments of these portions 
of the skeleton are very commonly found, and not unfrequently the geolo­
gist me.ets with them in a nearly entire condition. l\1aterials for the deter­

mination of two species were o btaine~ by myself in 18 7 4. 

Emys lativertebralis, Cope. 

Plate xxvii, figs. 1-3; Plate xxviii, figs. 1-2 . 

.FJmys latilab·iatus.-System. Cat. Vert. Eocene, New Mexico, U.S. Geog. Survs. W. of 
lOOth M., 1875, p. 36, not of Paleontological Bulletin, No. 3, p. 3, and U. S. 
Geol. Survey of the Terrs., 1872, p. G26. 

·I found the larger portion of the carapace and plastron of a specimen 
of this species piled together and free from the matrix, and· considerable, 
though less numerous, portions of four other individuals of the same, in a 
similar condition. 

The characters which distinguish this species fromtheEmys vyomingensis, 
to which it is allied, are the following: The vertebral bones are, excepting 
the first, wider than, or as wide as,.long; the mesosterna! bone is truncate 
behind, and is not crossed by the common suture of the pectoral and humeral 
dermal scuta; the postabdominal bones are divided by a deep semicircular 
excavation behind, which separates widely their posteri~r apices. In the 
E. vyomingensis, the vertebral bones, except a few of the posterior, are longer 
than wide; the n1esosternal bone is angulate behind, so as to be cr·ossed by 
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the pectoro-humeral suture, and the postabdominal bones are much less 
deeply excavated and furcate. The vertebral bones, I have in three New 
1\.fexican specimens of the E. lativertebralis, the mesosterna! and episternal in 
five, and the postabdominals in three. rrhe characters of the E. vyomingensis, 
I have verified on numerous specimens obtained by myself in Wyoming, 
and in tho figures and descriptions of Dr. Leidy.* In one of my examples 
of E. lativertebralis, the pectoro-humeral suture creeps over the posterior 
n1argin of the mesosterna! bone, keeping close to the edge, ·which observes 
its normal transverse direction. 

The following description is that of the 1nost complete specimen. 
Eight vertebral and a nuchal bones are preserved, which, when placed in 
relation, present a vacancy for the third vertebral rrhe pygal is ·wanting, 
while the caudal1narginal is present. The first vertebral bone is wanting, 
but the outline of its posterior portion is indicated by the bones which 
bound it. Its lateral borders are gently convex, and do not diverge much 
from the similarly convex posterior border. Its length exceeds its width. 
The posterior sutures of all the vertebral bones from the second to the fifth 
inclusive are regularly shallowly concave, the posterior sutures con·e­
spondingly convex; in the posterior vertebrm, they are bracket-shaped or 
transverse. The antero-lateral angles of all fron1 the second to the eighth 
inclusive are obliquely truncate. The second and third are as wide as long; 
the remainder are wider than long. The sixth is twice, the seventh more 
than twice, as wide as long. The eighth is wider before than behind and 
urceolate, with anterior lateral angles broadly truncated; it is half its width 
wider than long. All of the vertebrals are flat, excepting the pygal, whicn 
is convex on its median line. The costal bones are of moderate thieknesH, 
and without sculpture; their capitula are 'veil developed. The nuchal 
bone is thickened, and its marginal portion is not very wide, and is openly 

notched at the middle. The caudal is smaller than the other marginals, 
subquadrate, moderately recurved, and roof-shaped in section at the poste­
rior border. The costal buttress for the ascending process of the bridge 
is not prominen~. On the first costal, it is a slightly-raised sutural face 
near the distal end, and 0. 7 5 of an inch anterior to the posterior suture. 

•Report. lJ. A. Geol. Survey Terrs., by Hayuen, i, p. 140. 



EOCENE TESTUDINATA. 55 

The posterior surface is on the fifth and sixth costals, chiefly on the former, 

where it terrninates two-fifths the length fro1n the distal end. The iliac 
sutural surface is rather small, and is situated near the proximal extremity 

of the eighth ~ostal bone, half-way between its borders. It is a subtrian­

gular tuberosity, with a projecting narrow capitulum directe~ toward the 

proximal apex of the costal bone. 
The free marginal bones are large, thin, and but little recurved; the 

second and eleventh being the most so. The anterior marginals are very 
little sn1aller than the posterior. They are all crossed proximally by 
the costa-marginal suture, excepting the caudal marginal. The bridge­
marginals are thin, not angulate, and but little convex, indicating that the 
body-cavity is not depressed. The angle of the marginals adjoining the 
bridge is somewhat recurved. 

The bones of the plastron are not thick, and are united by rather fine 
suture. The anterior lip is not very prominent, is truncate, and is notched 
just within its external angles. The 1nesosternal bone is produced anteri­
orly, while the posterior border is transverse, and the extero-posterior angles 
obliquely truncate. The common hyosternal suture is a little longer than 
the common hyposternal. 'rhe posterior lobe contracts distally, and termi­
nates in two points, ·which are separated by a sen1icircular emargination. 
The superior rnargin of the plastron is thickened at the extremity of the 

' anterior lobe in front of a definite line, which extends between the extero-
posterior angles of the episternal bones. Of this thickening, two parallel 
ribs, which extend to the lateral. angles of the lip, are n1ost prominent. 
Behind the episternal bones, the thickening is little marked. ':I:'he superior 

border of the entire posterior lobe exhibits a wide thickening, 'vith sharply­
defined inner border, which is most elevated opposite the posterior angles. 

·The dermal scuta are w .. ell marked. The first vertebral is longer than 
wide, the second as long as wide, the third a little wider than long, and 
the fourth still wider. The nuchal scuturn is distinct, and is notched behind. 
The gular scuta are longer than their combined width, and they extend 

well on the mesosterna!. The humero-pectoral suture is nearly transverse, 
and passes behind the mesosterna! bone. The abdominal scuta are longer 
than the pectoral, but n~t much; the length of the fen1ora.l on the middle 
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line is intermediate between the two, while the middle line of the anal is the 
shortest of all. 

JJ[eas~trements. 
M. 

Length of carapace restored ....................... , . . . . . . . . . . .. . . . . . . . . . . . . 0.:-350 
Length of a costal bone, ou cun·e.. . . . . . . . . . . . . . . . . . . . ....•...... :. . . . . . . . 0.108 
Width of the same medially......... . . . . . . . . . .. . .. . . . . . . . . .. .. .. . . .. . . . . . . 0.024 
Thickness of the same medially.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 0.005 
Width of a marginal next the bridge .................... :. . . . .. . . . . . . . . . . . . . . 0.041 
Width of a marginal of the bridge, on curYe ............ _ . . . . . .. . . . .. . . . . . . . . . 0.030 
Length of tile same ..... _. . . ........... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. • . 0.035 
Length of an anterior free marginal... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.045 
Width of the same........................................................ 0.048 
I..~ength of the caudal marginal ......... _ ........ _ . . . . . . . . . . . . . . . . . . . . . . . . . . 0.030 
Width of the same ................ _. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . 0.035 
Axial length of the third vertel>ral l>one . . . . . ............................ ~. 0.030 
Width of the same...... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.034 
Axial length of the Heventh Yertel>ral bone . . . . . . ........... _ . . . . . . . . • . . . . . 0.014 
Wi<lth of the same . . . .. .. .. . . . . . . . .. . .. . . . .. . . . .. . . .. .. . . . .. . .. .. .. .. .. . . 0.040 
Length of the eighth vertebral bone .. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0~2 

Widtll of the same ............. ·: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.037 
Length of the first pygal vertebral bone.. . .. . .. .. .. . .. . .. . . . . .. ... . . . . • . ... . . 0.035 
'Vidth of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . 0.029 
Lengtll of the plastron . . . . . . .. _ ............... · .. _ . . . . . . . . . . . . . .. . . . . . . . . . . 0.2UO 
Length of the posterior lobe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.110 
Whlth of the same at the base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 0.135 
\~Vidth of the same between the apices . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 0.045 
Length of the anterior lol>e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O.OD5 
Width of the same at the l>ase . . . . . . .. .. . .. . . . . . . . . . .. . • • . . . . . .. . . . .. . • . . . 0.14U 
Widtll of the anterior lip ....................................... _... . . . . . . 0.050 
Length of the thickening of the anterior lip.......... . . .. .. . • . . . . . . . . .. . . . . · 0.035 
Length of the mesosternum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. 0.040 · 
Width of the mesosternum...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 0.059 
Length of the hyosterual on the middle line ...... ~. ... . . . . . . . . . . . . . . . . . • . . . O.OGO 
Length of the hyposternal on the middle line. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 0.080 
Leugth of the postabdominal on the middle line . . . . . . . . . . . . . . . . . . . . . • . . • . . . 0.058 

Two of the specimens of this species are a little larger than the one 

described. A third is tnuch smaller, and some of its vertebral bones display 
a faint trace of carination. There is in some of the marginal bones of the 
snu"ll, and probably in the large, specimens, a small pit for a gomphosis. 

This species differs from the Emys gravis, Cope, from the Wahsatch 
beds of Wyoming, in its general light and thin construction. 
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Emys cibollensis, Cope. 

Plate xxvii, fig. 4; Plate xxviii, figs. 3-6. 

Ernys ? Stcvensonianus, ''Leidy," Cope, Ssstern. Cat .. Vertebrata Eocene New Mexico, 
U. S. Geog. Survs. Vl. of lOOtll M., 1875, p. 36. 

rrhis species is represented by the. imperfect. carapace and plastron of 

a single individual, in which some of all the characteristic elements are 

present, excepting the vertebral bones. The gen~r~l relationships of the 
species are to the Ernys lativertebralis, that is, the anterio~·lobe of the plastron 

has a distinct truncate lip, and the posterior lobe is deeply excavated on the 
middle line; the superior borders of both lobes have a thickened band, 
wl;lich is best developed posteriorly; and the costal and n1arginal bones are 
without especial sculpture. 

The specimeD; is below the average size of those of the E. lativertebralis, 
but not sufficiently so to account for the n1uch smaller size of the n1a.rginal 

bones, which are also relatively thicker. The lobes of.the pl~stron are dif­
ferently proportioned. rrhus, in E. lativertebralis, the posterior lobe, measured 
along the median line, is as long as the anterior to the ·posterior suture of 

the mesosterna} bone; in the E. cibollensis, the former measurement consid­
erably exceeds the latter. This s~ortening of the anterior lobe of the plas­
tron is accompanied by other peculiarities. The n1esosternum is transverse 

diamond-shaped, the posterior border being nearly as angular as the ante­
rior. The dermal scuta have an anterior position. The gulars are very 
short, each one being wider than long, and their poste!ior angle not reach­
ing the mesosternum. The humero-pectoral scutal suture, on the other 
hand, crosses the mesost~rnum a little behind the middle, instead of passing 
behind it, as in E. lativertebralis. The thickening of the n1argins of the plas­
tron has some low ribs parallel to the border. The osseous sutures are not 
very coarse; the dermal sutures well marked. The marginal bones are not, 
or but little, recurved. The lip of the plastron has a slight notch on one 
side. 

Measurements. 
M. 

Anteroposterior width of a costal l>oue ...................................... · 0.022 
Thickness of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.006 ~ 

J.Jcugtb of a posterior free marginal ............................. :. . . . . . . . . • . 0.030 
Thickness of the same ................................. ~.. . . . . . . . . . . . . . . . . 0.009 
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Length of the posterior lobe of the plastron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.095 
Length of the anterior lobP, iuclndiug the mesosternum . • . . . . . . . . . . . . . . . . . . . 0.065 
Greatest length of the episternal .•.. u. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.049 
Greatest width of the episternal. .•....•........................•.. R •• • • • • • • 0.052 
Length of the mesosterna! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.036 
Width of the mesosterna!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. . . . . . . .. . . . 0.():15 
Length of the gular scute... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0~5 

Width of the lip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.046 

Emys euthnetus and E. testudineus,* Cope, resemble this species in son1e 
respects, but neither has the transverse mesosternum ; and, in the former, 
the marginal thickening of the plastron is much narrower. 

llADHIA'NUS, Cope. 

Proceedings Amcr. Philosoph. Society, 1872, p. 468.-Ann. Report U. S. Geol. Snr­
,·ey Terrs., 1872 ( 1873), G30. 

This genus represents the Test~udinidte in the Eocence Fauna of North 
An1erica, and, as such, is characterized by structure adapted for terrestrial 
life exclusively. Three species have been discovered in the Bridger beds of 
vVyoming, which resemble each other in the nlassive marginal bones of the 
carapace and plastron, and their large size. They were abundant during 
that period. The '\Vahsatch beds of New ~Iexico contain no less ntnnerous 
rmnains of this genus, but ·which are found in such a fragn1entary con­
dition as to render the identification of the species less exact than is 
desirable. The insufficient remai11:s at my disposal do not enable me to char­
acterize n1ore than one species, and do not distinguish this one fron1 one of 
the species of the Bridger beds. Fragments indicate a second species of 
srnaller size and n1ore 1nassive proportions than the former. 

Hadrianus corsonii, J .. eidy. 

Plate xxiv, figs. 36-7. 

Testudo corsonii, Leidy, U. S. Geological Survey Montana, 1871, p. 3G6; Report U.S. 
Geol. Survey Terrs , i, p. 132. 

Although fragments of this species are abundant, no considerable por­
tion of any one individual was found. Since the sternal lobes furnish in 

. this genus the most striking of the specific characters, I have to rely for 

description on portions of the episternal and postabdominal bones. 

"Aun. Report, lJ. S. Geol. Surv. Tcrrs., 18i2, pp. 627-628. 
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The shovel-shaped angle of the left postabdominal, found in connection 
with numerous small fragments, resernbles that of If. corsonii in its posterior 
production. It is thinned on the edges, and the extent of that of the inner 
side shows the median notch to have been deep. 'l'he roof-like ridge of the 
upper surface is nearer the inner than the external margin, and rises into 

the thickening which bounds the internal abdominal concavity of the plas­

tron in this genus. The inferior surface i~ uninterrupted, and sHghtly 
recurved. 

llfeasurements. 
M. 

Length from the internal marginal thickening.... . . . . • . . . . . . . . . . . . . . . . . . . . . 0.105 
Tl?ickncss at the internal marginal thickening .. ~. . . . . . . . . .. .. . . . . . . . . . . . . . . . 0. 021 
Width at the fundus of the median notch . . . . . . • . . .. . . . . . . . . . . . . . . . . . . . . . . 0. 098 

A second and much smaller spechnen may belong to a younger animal, 
or to another !:!pecies. The posterior border of the postabdominal bone is 
less produced, and the prominent angle is nearer the notch than the line of 
the external border. 

Jlleasurements. 
M. 

Length from the thickeuing ........ _... . . . .. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 0. O;jO 
Depth at the same . . . . . . .. . . . • . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • . . . . . . . . 0. 015 

'l'he episternal lip of another specimen is of very large size. The 
greater part of the n1edian sutural border is preserved; but the fracture 
reaches the free border near· the base of the lip, so as to leave its extent 
uncertain. It evidently projected decidedly, though not so much as in the 
typical H. corsonii. Its lateral border is not at right angles with the ante­
rior, but passes into it by a bold curve. The inferior face of this portion 
of the bone is convex in both directions. 

lJ{ea.~urements. 
M. 

Length of the median suture preserved...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 090 
Thickness at the ·same ................................................. _ . . . 0. 025 
Width at the base of the lip...... . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . 0. 0~5 
Length to the concaYit.Y of the external margin (axial)..... . . . . . . . . . . . . . . . . . 0. 035 
Thickness of the border of the plastron ·near the bridge. • . . . . . . . . . . . . . . . . . . . . 0. 037 

The supposed second species is represented by the angular projection of 
thepostabdominalofthe left side, broken away from the remainderofthebone. 
It presents the external portion of the fmnoro-anal scutal suture. This frag­
ment is characterized by its great thickness and thG straight and abrupt 



60 ·EOCENE CROOODILIA. 

descent of the superior surface to the n1argins. The latter are acute and 
not produced nor recurved. This evidently pertained to an anin1al much 
more robust than the others, and of smaller size . 

. JJieasurements. 
M. 

Length of the postabdominal from the transverse line of the end of the dermal 
suture . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . 0. 060 

Thickness at the middle ........................... ~........ . . .. . . .. . 0. 027 

OROCODILIA. 

DIPLOCYNODUS, Pomel. 

This genus, which is abundantly represented 111 the Tertiaries of 
France, was first detected by me in the Bridger basin of Wyoming, where 
a single species, the D. subulatus, occurs. A second species ·was found in 
New Mexico by the writer, which presents typical characters in the paired 
canine teeth and broad, overhanging muzzle, in vvhich the nasal bones do 
not divide the external nares. In one of the specimens, numerous dermal 

bones are preserved, and they are with.out keels. 

Diplocynodus sphenops, Oope. 

Plate xxix. 

System. Cat. Vert. Eocene New l\iexico, U. S. Geog. Surv~. W. of lOOth M·., 1875, p. 31. 

Indicated by a fragn1entary skeleton, in which occur numerous portions 
of the cranium and vertebrre; a second specimen includes corresponding 
parts, 'v~th more numerous vertebrre. In both, the distal part of the Ulan­
dibular ramus is preserved, and shows two enlarged teeth inserted close 
together, the posterior opposite to the posterior border of the symphysis. 
In front of these, there is an edentulous space; behind them is a series of 
quite small teeth. The dentary bone is quite ~arrow at this point, indicating 

an acun1inate symphysis and 1nuzzle. 
The type-specimen includes the frontal and parietal bones. '"rhe 

fornwr united are not expanded, but are about as wide as in Orocodilus 
elliottii, Leidy. The interparietal face is a plane, is narro"r, its sharply defined, 
lateral borders including two rows of deep pits. The front is -rough, with 
deep pits, which.have a transverse direction opposite the postfrontal bones; 
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anteriorly, they are sn1aller and less pronounced. ·The lateral olfactory 

ridges of the inferior surface are not strongly defined. The sculpture of the 
lower jaw consists of rather distant, impressed, punctiform pits in shall~'v 
depressions. A larger mandibular tooth is smooth, and not sulcate at the 

base. 
A cervical vertebra has a shprt, simple, obtuse hypapophysis, not con­

nected with the parapophyses. Its cup is a little deep~r than wide. Stu-face 
near articulations smooth. A (iorsal, with bypapophysis ·and lateral capi­
tulum, has a depressed centrum. The centrum of a sacral vertebra is, on 

the other hand, compressed, and, though this is partly due to pressure, the 
form is normally much less depressed than usual. Fragn1ents of the jaws 
are coarsely pitted-rugose. 

The second specimen is of a larger Crocodile, and presents similar 
characters. ':rhe third and fourth cervicals show the hypapophyses and 
parapophyses fused together into a crescentoid mass below the articular 
cup, as in D. subulatus, Cope. In such centra, the cup is a little deeper 
than wide. In a lumbar, the surface. next to the posterior shoulder is sculp­
tured with longitudinal grooves, a character not seen in the dorsals. 

The broken, terminal part of the snout of this specimen is fiat. The 
premaxillaries are wide, and extend an inch and a half posterior to the 
na~·es. The latter_ are narrowed at the region preserved, and their posterior 
border is n~tched by the projecting ends of the nasals. The surface is 
deeply, coarsely corrugated at the. middle, and becomes smoother toward 
the edges of the maxillary bones. '"rhe surface between the anterior angles 
of the orbits is moderately rugose, like the maxillary borders, while the 
superior arches of the cranium are deeply pitted. The posterior part of the 
dentary bone is more strongly pitted than the anterior, and its depth, with 
that of the adjacent part of t.he angular bone_, shows that the external 
foramen is small. 

rrhe greater part of two successional teeth are preserved, in one 
instance in. the alveolus of the large maxillary pair. They are neither of 
the short and obtuse, nor of the slender and achminate type. They are 
but little compressed, and have opposite, low cutting-edges. The surface 
is roughened with rather coarse, undulating ridges. 011e, at least, of the 
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large teeth of the lower jaw is received into a narrow excavation of the 
border of the upper jaw. 

'rhe dermal bones are coarsely pitted, and no one of the seven pre­

served is carinate. 
Measurements. 

No. 1. 

Width of the parietal bone ............................... ~ .............. . 
'Vidth of the frontal at the orbits ....................................... .. 
Depth of the ramus at two canines ....................................... . 
Depth of the ramus just behind the same ................................. . 
Width of the ramus at the symphysis, posteriorly ......................... . 
Length of a cervical vertebra ............................................ . 

Diameter of the cupS vertical · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · t transverse ............ ~ ............•............... 

No.2. 

M. 
0.013 
0.043 
0.037 
0.030 
0.020 
0.043 
0.022 
0.021 

M. 
Width of the muzzle at the canine notches................................. 0. 074 
Width of the nares near the posterior border ........... I ..... .... _ .......... 0. 030 
Depth of the mandibular ramus at the canines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 044 
·Length of the alveoli of the inferior canines together....... . . . . . . . . . . . . . . . . 0. 020 
"

7idtb of the ramus at the posterior end of the symphysis . . . . . . . . . . . . . . . . . . 0. 031 
Depth of a cervical centrum in front ............ ~. .. . . . .. . . . . .. . . . . .. . . .. . 0. 029 
Width of the same ..•... ~.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 027 
Length of the same . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·o. 041 
Length of a lumbar centrum .............. ~ .............................. _ 0. 045 
Width of a dermal shield...... . . . . . . . . . . .. . . . . .. . . . . . . . . . .. . . . . . . .. .. . .. . 0. 045 

'fhe size of the Alligator mississipJJiensis. 

OROCODILUS, Linn. 

Remains of species ·of this genus are exceedingly abundant, chiefly in 
the upper beds of the formation, associated with Garfishes. 'rhe lower 
beds contain the greater nutnber of Mammalian remains, with a smaller per­
centage of Crocodiles. The latter do not include any Gavials, and resemble 
in some degree those of the Bridger group; some of the species being prob­
ably identical. 

The New Mexican species are naturally divided into those with flat 

frontal bone, with the inferior ridges little developed, and those in which 
the interorbital region is bounded below by strong orbital or olfactory 
crests. In the latter, the superior plate is narrower and thicker. 
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Crocodilus grypus, Cope. 

Plate xxx. 

System. Cat.. Vertebrata Eocene New Me.xico, U.S. Geog. Survs. W. of lOOth 1\f., 1875, 
p. 32. 

Established on remains of two individuals, which are in a fragmentary · 
state, including portions from all parts of the skeleton. The teeth are of 
unequal sizes, and are round in section in the anterior half of the jaws; are 
conic and compressed at apex, curved, and with delicate opposed cutting­
edges, which extend to the base. of the crown. The middle of the length of 
the crown is delicately rugose-striate in young teeth. A large tooth occupies 
a position a little anterior to the lateral notch. In the lower jaw, a very large 
tooth occupies a position opposite the posterior extren1ity of the symphysis; 
the latter marking the middle of the alveolus. Three teeth of 1nuch smaller 
size follow posteriorly in close succession, and are followed by a fossa to 
l'eceive the apex of a superior tooth. The ramus is wide at the symphys-is. 
The extremity of the lo,ver jaw supports a larg~ tooth close to the symphysis, 
which is followed by one of half its diameter. A part of the posterior 
outer side of the ramus is deeply pitted. 

In the second specimen, a part of the frontal bone shows that part of 
the cranium to be deeply and rather irregularly pitted. The orbital border 
is wide and shallow, and the lateral olfactory ridges not prominent. The 
inferior ridge of the frontal which bounds the face of contact of the alisphenoid 
has a somewhat different position from that which it holds in C. grypus and 
D. sphenops. Here it extends anteriorly to a point in advance of the post­
frontal bone; there it ~nly reaches to opposite the anterior part of the same. 
Here it is stronger, and the excavation of the surface on the side next the 

postfrontal is deeper. There are three larger teeth on the median posterior 

part of the mandibular ramus, which is there rather slender, and but little 
rugose. The premaxillary bone and tooth are as in the first specimen. 

Another series of fragments perhaps belonging to the same individual 
as the last, includes numerous vertebrre and other skeletal elements. A 
cervical Yertebra has a prominent hypapophysis with long base, which is free 
from the parapophyses. There are rugose lines between the latter and the 
edge of the cup. The dorsals have a hypapophysis .with short base, and 
have a pron1inent shoulder with smooth surface-bone. In the articular cupR,. 
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tho transverse slightly exceeds the vertical diameter. The caudals are of 
moderate length. The condyles of the femur are of unequal size, and the 

head not expanded. 
JJleasurmnents. 

No.1. M. 
Width of the ramus at the symphysis............. .. . . . . . . . . . . . . . . . . . . . . . . 0. 030 
Diameter of the large alveolus at the symphysis ................. o 0. • • • • • • • • 0. 015 
Length of the bases of the four teeth following ........ 0....... . . . . . . . . . . . . 0. 029 
Diameter of the large premaxillary tooth .... o •• 0 •••••• 0 • • • • • • • • .. • • • • • • .. 0. 010 
Diameter of the anterior lower incisor .............................. 0..... . 0. 013 
Width of the ramus at the second incisor . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 0. 031 

No.2. 

\Vidth of the frontal bone above the orbit to the inferior groove. 0 •• , •• 0. • • • • • • 0. 020 
Depth of the ramus behind middle ............... _.... .. . .. . .. . . . . .. .. . . . . 0. 03J 
Length of the cervical vertebra .......................................... o 0. 038 
Width at the articular ball . -· ..................................... o ••••• o $ 0. 025 
Leu gth of a dorsal .............. 0 • 0 0 •••••••••••••••••••••• 0 •••• 0 •• o 0 • 0 • • • 0. 037 
Width at the articu~ar cup ........................ 0.: ......... 0 • • .. .. • • • • • • 0. 025 
Length of a caudal ...... 0. • .............................. 0 ••••••• , • 0 •••• 0. 0. 043 

In comparison with a con1mon large species of the Bridger formation 
from Wyoming, which agrees with such characters as can be found in the 
description of G. ajfinis, Marsh, I find the position of the large mandibular 
tooth is quite different, it being· considerably anterior in the Wyoming 
spemes. The first incisor tooth is also less enlarged in the latter. 

Crocodilus wheelerii, Cope-

Plate xxxi, figs. 1-5. 

Syst. Cat. Vertebrata Eocene New Mexico, U. S. Geog. Survs. W. of lOOtb M., 1875, p. 33. 

This Crocodile is kno·wn from remains in the same fragmentary condi­
tion as those already described. There are numerous portions of the 
cranium with vertebrro. 

1.1his species is at once distinguished by the relative width of the inter­
orbital portion of the frontal ?one, and the slight development of the 
lateral inferior ridges. The pitting is relatively smaller than in any of the 
other species, numbering five or six rows on the parietal region. There is 
a smooth border of the superciliary edge. The frontal has a narrow anterior 
prolongation between the prefrontals, longer than in ''0. affinis," and without 
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the transverse ~mpression preceded by a smooth space seen in that species. 
rrhe pitting is, on the other hand, gradually reduced toward the nasal re,gion. 
Other cranial bones are ·strongly sculptured. A portion of the nutxillary 
contains· ieeth~ These are robust, vdth slightly compressed, obtusely conic 
crowns, .with rugulose enamel.· 

A cervical :vertebra is elongate, with the short hypapophysis free frotu 
the parapophyses; its ball is subcircular . 

.J.'lteasureme·nts. 
M. 

Length of the frontal bone (10 millimeters supplied) . . . . . . . . . . . . . . . . .. . • .. . . . . 0. 130 
Length of the anterior production of the same.~ ........ .-....... . . . .. . . .. . . 0. 053 
Width of the same at front of the orbits .. . . .. . .. . .. . .. .. . . .. . . . . . . . .. .. . . 0. 037 
Width of the same posteriorly to the inferior groove............ . . . . . . . . . . . • 0. 030 
Depth of the mandible at the cotylus . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 0. 053 
Length of a cervical vertebra. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0. 043 
Width and depth of the ball of the same . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 025 
Length of a I urn bar ..... _ . • . . . . • . . . . . . • • • . . . . . • . • . • • • • . . . • . • . . . . • . . • • • . .. • 0. 042 

The size of this species was equal to that of the fully-grown Louisiana 
Alligator. 

This Crocodile is named in respectful recognition of the services to this 
departn1ent of natural science of Li~ut. George M. Wheeler, directing the 
U. S. Geographical Explorations and Surveys west of the One hundredth 
Meridian. 

Crocodilus ? elliottii, Leidy. 

Plate xxxi, figs. G-17. 

Report U. S. Geol. Sun·ey Terrs., i, p. 125, pl. viii, figs. 4, 6. 

vVi.th this species, we enter the sec.ond group of the genus above noted, 
where the frontal bone is stout, and furnished with prominent inferior ridges. 
The· speci.mens n3ferted provisionally to the C. elliottii en1brace cranial bones 
and teeth; but I do not consider the reference final. 

The ~ro~tal _b?J?e is wide betwe_en th~ ?~bits, where six round pits can 
be counted in a sornewhat irregular transverse line. The prefrontals extend 
backwards, and contract the frontal, so that between them only two pits can 
be counted. A fragment o~ the left premaxillary show·s the muzzle to be 
flat, rather narrow, and strongly pitted. A tooth in a fragment of the jaw 
p·resents a short, obtuse, compressed crown, with finely striate enamel. 

5GR 
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Measurements. 
:M. 

Length of the frontal between prefrontal and parietal sutures...... • • • • • • • • • • 0. 041 
Width of the same between the orbits . • . . . • . • • . . .. . . . • . . . . . • • . • . • . . • • • • • • • • 0. 032 
Width of the same between the postfrontals .•..........••...••.•••••••.••. e 0. 037 
Thickness of the same between the prefrontals . . . . . • . . . . . . . . • . . • • . • . . • • • • • • 0. 012 
Thickness of the same between the postfrontals............. • . . . . . . . . . • . . . • • 0. 011 
Elevation of the crown of the tooth ..•.••.•••......•• · ....... _.. • • . . • • • . . . . . 0. 010 
Long diameter of the crown of the tooth ..•..•......•.•...••..••• ·........... 0. 010 

Numerous bones of the skeleton of another smaller specimen were 
obtained, the proper reference of which is uncertain, as it does not contain 
the portions which define the species as above described. Thus the superior 
cranial bones and the terminal portions of the jaws are wanting. The pos­
terior parts of the ja\vs show that at least four of the mandibular teeth pos­
sess the very short and oval crowns seen in .the Alligator mississippiensis and 
Crocodilus heterodon. As in these, they are divided by a low, longitudinal 
edge, from which fine grooves diverge on each side. The crowns become 
more acute anteriorly. One .of the large teeth has·the short obtuse crown 
characteristic of C. elliottii, and quite different from those of C. grypus. The 
quadrate bqne has a characteristic form. It is not so thin as in the C. 

wheelerii, and lacks the ala of the inner side seen in C. chamensis. It differs 
from that of the species here referred to C. ?liodon in having the condyle all 
in one line, and not presenting an upward direction of the inner extremity. 
'fhe pneumatic foramen is distinct. 1,he centra of the dorsal vertebrre pre· 
served are moderately depressed. 

Mea.8urements. 
M. 

Extent included by last four mandibular teeth ....• ~.. . . . . . . . . . . • . . . • . • . . . . . 0. 040 
Length of the crown of the penultimate of the same ....••..... y............. 0. 009 
Height of the crown of the penultimate of the same....... . . • . . . . . . . . . . • • • • 0. 005 
Length of the condyle of the quadrate bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 040 
D~pth of the quadrate bone at the middle of the condyle.. . • . . . . . . . . . . . . . . • . 0. 012 
Length of a cervical vertebra .......•....•...•....• ~ ••.•......•..... "I'..... 0. 035 
Length of a dorsal \Terte bra. . . . . • . . . . . . . . . . . • • . . . . . . • . . • • . • . . . . . . . . . . . . • . • 0. 030 
Depth of the cup of the same ..•.......•••.....•......•..•...........• ~ . • . . 0. 017 
Width of the cup of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 0. 018 

. Width of the centrum, including diapophyses _ ·.'. . . . . . . . . • • • • • . . • . . . . . . . • • . • 0. 034 

The dermal scuta are articulated, and with coarse pits. Several of 
them have a median thickening which represents a keel. 
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Crocodilus ? liodon, Marsh. 

Plate xxxi, figs. 18-23. 

Amer. Journ. Sci. Arts, 1871, p. 454 .. 

Two individuals which agree with the description cited in the depressed 
form of the centra of the dorsal vertebrre, the ali.iculated dermal scuta, and 
general proportions, are not accompanied by cranial bones, excepting a por­
tion of the parietal. This displays three larger or four smaller pits between 
the temporal fo~sre. The odontoid bone is elongate. The cenh~um of the 
axis is much compressed, and is strongly keeled on the median line below, 
being without lateral longitudinal angles. In an anterior cervical vertebra, 
the hypapophysis i.:; connected by a lateral thickening with the parapophysis, 
while in a posterior cervical this connection is wanting. The centra of the 
lumbars are not compressed ; sacral centra depressed. 

The specimens are of rather small size, and one of them is adult. 

Measurements. 
M. 

Parietal width .. o o ••• o ••• 0 .. 0 •• 0 .......................... o • • • • • • • • • • • • • • • • 0. 015 
Parietal thickness .......••...........•..•............ 0 ••••••••••• 0 •• ~ •• 0 • 0. 010 
Width of end of quadrate condyle ..••.. 0 ................. 0 •• 0 0 ••••• 0 ••••• o. 0. 025 
Thickness of' the same .•.... 0 ••• 0 ••••••••••••• 0. 0 •••• 0 •••••••••••• o •• 0 0... 0. 010 
Length of the axis, with odontoid .. ~ .• o ••• o ............ o o o 0 • 0 • o • 0 •• o • • • o • 0. 040 
Length of dorsal. o ••••••••• 0 •••••• 0 ~ ••.• 0. 0 0 0 ••••••••••••••••••.••••• 0. • • • 0. 029 
Width of dorsal cup ....... o •••• 0 •••••••••••••••• o •••• o. • • • • • • • • • • • • .. • • • • • 0. 017 

Crocodilus chamen~is, Cope. 
Plate xxxii, figs. 1-22. 

Report on vertebrate fosRils ot New :Mexico, U.S. Geog. Survs. W. of 100th M., 1874, 
p. 15 (.Alligator). 

Represented by portions of the mandibular arch of a small Crocodilian, 
resen1bling in some respects the A. lteterodon of the 'Vyoming beds. The 
posterior teeth have the same short, expanded, sessile, bean-shaped crowns, 
with a median longitudinal ridge, and more delicate li~es radiating· close 
together fron1 it to the border of the crown. The anterior teeth differ in 
being cylindric instead of compressed.· There is a large canin~, preceded 
and followed by teeth of much smaller size. 

Measurements. 
M. 

Length of the symphysis ...... 0 0 ...... 0 ••••••••• o ••••••••••••••••• 0. • • • • • • 0. 019 
Length of the alveoli of six teeth from the symphysis •.........•.••........ 0. 0. 022 
Width of the ramus just behind the symphysis .. ~ ........................ _.. 0. 010 
Long diameter of the posterior tooth ............... ~ ..• 0 •••• 0 • • • • • • • • • • • • • 0. 005 



68 EOCENE CROCODILIA. 

The specimen selected as type is one of the smallest. The surface of 
the bones is roughened with pits. 

Besides the type-specimen, I obtained a fragmentary cranitun and 
numerous dermal scuta of another individual. The muzzle is wide and 
flat, and is emarginate at the sides for the accommodation of the large 
mandibular tooth. This species must, therefore, be referred to the gen·us 

Crocodilus. The cranium is very rugose above, especially on the muzzle. 
The interorbital part of the frontal bone is narrow and thick, and with strong 
inferior crests. The superior surface is covered with numerous closely­
placed round pits, of which five and six may be counted between the 

til 

orbital borders. The extren1ity of the quadrate bone is concave trans-
versely, and the exterior end of the condyle is not, or but little, wider than 
the interior. A prominent ridge extends from the former as an external 
inferior alate border of the quadrate. Inferior face of the quadrate con­
cave. The dermal scuta are very few of them keeled, and they are mostly 
united by suture .. Their surface is covered with rather small, sharply­
defined pits. 

Another adult specimen is represented _by nineteen vertebrre, part of the 
frontal bone, part of the femur, and numerous dermal bones. The frontal 
bone is. thick, and with well-developed lateral olfactory ridges. Its supe­
rior surface is marked with closely-placed pits. The inferior carina of the 
dorsal vertehrre extends their entire length, and the sides of the centrum are 
concave. The articular faces are transversely oval. The articular cup of 
an anterior lumbar is round, and its inferior surface is not angulate. The 
centrum of a posterior lumbar is depressed appropriately to the form of the 
sacrum. The balls of the first caudal are depressed, and the centrum is 
angulate below. The ninth caudal vertebra possesses diapophyses, and is 
longer than the first. The femur displays a strong tuberosity of the proxi­
mal middle of the shaft. The dermal bones are coarse! y pitted, and hase 
a trace of a median carina. 

lJleasurements. 
M. 

Thickness of the frontal bone at the middle .......................... d • • • • • • 0. 004 
Length of a dorsal centrum ......... _. ................ ·G ..................... 0. 015 
Transverse diameter of the cup of the same .............•.. _ ................ 0. 0075 
Length of the posterior lumbar_ ........................................... 0. 0145 
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Depth of tbe cup of tbe same ..................•.................... 
1Vidth of the cup of tbe same ........... ·...... . . . . • . . . . . . . . . . . . . . . . . . . . . .. 
Length of the first caudal ..................................... , ..•...•.... 
Transverse diameter of .the centrum ..................................•..... 
Length of the eighth caudal .............................................. . 
Diameter of the centrum in front .......................................... . 
Long diameter of the head of the femur .......................... · ........ . 
Long diameter of the shaft of the femur .•••••.•..................•.•...... 

69 

O.OOG 
O.OOR 
0.020 
0.011 
0.020 
0.009 
0. 017 
0.009 

The condyle of the os quadratum is concave in longitudinal section, and 

the exterior convexity is stouter than the interior. 'rhe exterior border has 
a projecting ala as in other specin1ens. This character iH observed in the quad­
rate bone of a second specimen, which agrees in the frontal and vertebral 
bones, &c., with that first described. It is 1nuch smaller, a condition due 
to immaturity, as indicated by the free neural arches of the vertebrre. 

I refer here specimens from N e'v Mexico which I formerly called 
C. heterodon.* This species was found in corresponding bed.s in ·wyoming, 
and differs from the C. chamensis in the compressed, trenchant character of 
the premaxillary teeth. 

AVES. 
DIATRYMA, Oope. 

Proceedings Academy Philadelphia, 1876, p. 11. 

vVhether birds were numerous during the 'Vahsatch epoch of· the 
Eocene period is not yet ascertained. The accidents to which the· rem.ains 
of the Vertebrata of this formation in New Mexico have been subjected 

would be especially destructive to the fragile bones of birds. The expedi­
tion of 18 7 4 obtained only one of the rrwst solid bones of a species of large 

size, which I have referred to a genus distinct from any previously known, 
under the name above given. 

This bone, a tarso-metatarsus, lacks a part of its shaft and the external 
distal condyle. Its proximal end presents a massive hypotarsus, with trun­
cate posterior face, with a single, rather small, ligamentous groove on its 
inner side. The perforating foramina are large, and wide I y separated on 
both anterior and posterior faces. The inner edge is compressed, and be~1~s 

'"'System. Cat. Vert. Eocene New :Mexico, U.S. Geog. Survs. vV. of lOOth M., 1875, p. 34. 
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at the proximal end a ·rough longitudinal surface, which looks as though 
adapted for squamosal union with a splint bone. The distal condyles are 
of large size, and the usual foramen is present just above the union of the 
external with the median condyle. 

The affinities of this genus are not sufficiently indicated by the bone 
in our possession, although it is diagnostic for the principal divisions of 

- recent Birds. The proximal end resembles the corresponding part in 
the Ostriches and Dinornis; while the distal end, so far as pre;erved, is 
sitnilar to that of the Gastornis (Hebert) of the corresponding horizon in 
France. It is probable that it will be found that the latter genus is its 
nearest known ally.. Gastornis has, however, not yet been definitely 
assigned to its place. Prof. A. }Iilne-Edwards thinks that it is allied to 
the Natatores; while Lartet and Owen have seen in it characters of the 
Cur sores. 

Diatryma gigantea, Cope. 

Plate xxxii, figs. 23-5. 

Proceedings Academy Philadelphia, 1876, p. 11. 

This species was of large size, the proximal end of the tarsometatarse 
being nearly twice the diameter of that of the Ostrich. Its discovery 
introduced this group -of Birds to the known faunre of North America, 
recent and extinct, and demonstrates that this continent has not been desti­
tute of the gigantic forms of Birds now confined to the southern hemi­
sphere faunre. The description is as follows: 

The hypotarsus is moderately prominent, 1Yith broa-d, truncate face, 
and does not inclose the- ligamentous groove of its inner side. Its superior 
angle is broken away in the specin1en. The two foramina which pierce the 
shaft just below the head are subround; they are well separated from each 
other, both on the posterior and anterior faces, marking nearly equal thirds 

of the transverse diameter of the bone. The cotyloid cavities for ~he tibio­
tarsus are bounded by an elevated margin, and are separated medially by a_ 
single low oblique ridge. The groove of the posterior face is particularly 
·wide, and the inner part of the shaft is thinned, while the outer border is 
b :·oadly convex. The proximal part of the inner border (as far as it is 
preserved) is marked with a flat surface, which is roughened with ridges, 
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which is possibly the sutural articulation of the proximal end of the meta­
tarsus of the hallux. No such surface exists on the corresponding bone of 
the Ostrich or Emeu. Only two of the free distal phalangeal extremities 
are preserved. The shaft is broken, showing that its interior is filled with 
cancellous tissue. '"rhe free extremities are remarkable for the great inferior 
extent of the articular trochlear face. The median is strongly grooved 
with an obtuse excavation, and the lateral or bordering ridges are equal and 
rounded. '"fhe groove is continuous with the superior surface, but not with 
the inferior. There the convergent lateral ridges inclosing the open groove 
terminate in an abrupt elevation above the adjacent surface of the shaft. 
The sides at this point are concave. The inner free condyle has an 
oblique articular face; the external ridge dropping away internally, as in 

many Birds, and produced beyondJhe inner ridge distally. The articular 
face becomes then a part of a spiral, and is little grooved above, but strongly 
grooved medially. '"fhe vertical diameters of the sides differ, the inner 
being much greater, and both are concave. A strong foramen pierces the 
shaft just within the point of junction of the inner and medial free extrem­

ities. 
1Jl£asurernents. 

M. 

Transverse diameter of the proximal end of the tarsometatarsus ......•... -... 0. 100 
Antero-posterior di~meter of the same (partly inferential) .............. -.... 0. 070· 
Interval between penetrating foramina on anterior face of shaft.............. 0. 071 

· pong diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 050 
Median distal condyle { vertical diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 048 

L transverse diameter...... . • . . . . . . . . . . . . . • . .. . • . . . . . . 0. 040 
· pong diameter ................. .-. . . . . . . . . . . . . . . . . . .. 0. 037 

Internal distal cond!le{ v~rtical dia~eter ........... ~ .... _ ~ ......•........ ~ 0. 040 
L transverse diameter. . . . . • . . . •. . . . . . . . . . . . • . • . . . . . . . . 0. 031 

The large size and wide separation of the penetrating foran1ina, and 
the thin internal edge with suture-like facet, distinguish this form as 
distinct from any of the genera of Stntthionida and Dinornithidce. 
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MAMMALIA_. 
ll UN01, li ERIA. 

I. 

Animals 'vhich fulfilled the functions of the existing Carnivora 'vcre 
abundant in North A1nerica during the Eocene period. The vVahsatch 

beds of New l\Iexico have yielded re1nains of more than a dozen species 
which ranged from the size of a vV easel to that of a Jaguar. Investigation 

into the structure of these shows, that while they differ in minor points 
among themselves, they agree in possessing characters ·which distinguish 

them fi·om the true Carnivora. I have already pointed out* that, in the 
genera Ambloctonus, Oxyccna, Stypolopl~us, and Didymictis, the tibio-tarsal 
articulation differs from that of the existing Carnivora, and suggested that 
these forn1s might prove to be gigantic Insectivora. Further investigation 
sath;fied met that they cannot be included in the order Carnivora, and their 
systematic position has proved to be of considerable interest. 

A greater or less part of the cranial chamber is preserved in specin1cns 

of Oxyccna forcipata and Stypolophus !dans. In these animals, it has a long, 
narrow f~rm like that of the Opossum, and in the first named, where the 

interior form can be seen, it is evident that the cerebral hemispheres were 
small and narro,v, and that the olfactory lobes were relatively large, and 
were entirely uncovered, projecting beyond the hemispheres. 

A study of the dentition, which is largely preserved to us in al_l of the 
genera, has resulted in establishing the following relations with that of the 
Carnivora. 

Professor Ilarrison Allen has shownt that, in the human superior molar, 
the anterior inner cusp represents by continuity the inner root, and he 

calls the posterior inner cusp a cingulum. lie rightly supposes that it 
consists of a developed basal cingulum; but as all other cusps beyond the 
primitive cone have originated in the same way, the completeness of its 
development in Ifomo, as in other genera, entitles it to the appellation of 

*Systematic Catalogue of the Vertebrata of the Eocene of New l\iexico, 1875, p. 7. 
tOn the supposed Carnivora of the Eocene of the Rocky Mountains, Proceed. 

Acad. Phila., 1875; published December 22. 
t Dental Cosmos, 187..1, 617. 
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cusp as well. An inspection of the molar teeth of the Mammalia generally, 
confirms the view taken by Professor Allen, i. e., that the posterior inner 
cusp is appendicular to the anterior or true representative of the inner root. 

The way being thus prepared, it is a comparatively easy matter to 
trace the hotnologies of the cusps of the sut)erior sectorial tooth of the Car­
nivora. In Procyon, the posterior inner tubercle is smaller than the anterior; 
the same is true in the insectivorous genus Erinaceus. In U~rsus american us, 
the posterior inner tubercle is the larger, if its position and the occasional 

presence of a rudimental cusp in front of it truly indicate its homology. In 
Scalops, the posterior inner tubercle is wanting. In Carnivora generally, it 
is wanting; and the anterior tubercle has a n1uch smaller development than 
the external ones, being largest in the Viverridte. 

The flattening of the external tubercles has resulted in the ungulate 
series, in the crescentoid patterns of the Perissodactyla and Artiodactyla. 'Tho 

same process, slightly modified, has produced the sectorial blade of the su­
perior dentition of the Carnivora. The essential difference in tho two cases 
is, that in the,former the resulting crests are concave, not separated by a 

fissure, and readily 'vorn at ihe sum1nit, by which they soon lose the cutting 
character; in the latter, the crests are in a single straight line, are sepm:ated 
by a fissure, and are furnished with a deep layer of enamel on the superior 
edge. The crests are also, in the Carnivora, always unequal. 

This inequality is due to the greater elevation of the anterior crest, or, 
as it should be tenned in the g~4eater nun1ber of genera, anterior cusp. This 
cusp is homologous with the prjncipal cusp of the other premolars, while the 
posterior crest of the sectorial is represented in the Canidce and Felidce by the 
combined posterior lobe and heel of the typical premolars. In some other 
groups, the posterior blade may represent the heel only of the pren1olars; 
and, in Prototomus and Oxycena fron1 the American and PteTodon (teste Ger­
vais) from the European Eocene, there are two cones in place of the anterior 
cn8p of the sectorial, the posterior of which may represent the posterior 
cutting lobe of the premolars of the Canidce, &c.; but this is not absolutely 
certain. 

In a former essay,* I regarded the simple four-lobed or quadritubercu-

*Ou tbe Homologies and Origin of the Types of Molar Teeth of Mamrn. Edncabilia, 
Phila., 1874 .. 
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late molar of the hypothetical Bunotherittm as the starting-point of all more 
specialized forms of crested teeth. The second and third lower molars of 
the Peccaries (Dicotyles) represent such a type. It was also pointed out 
that additional tubercles may be added to this, or to a still simpler form, by 
the development of basal cingula. 

Subsequently* I gave the following account of the homologies of the 
cusps of the sectorial tooth of the inferior series. 

The genus Hyopsodus presents a modified form of quadrituberculate 
molar; in the genera Pantolestes and Sarcolemur, we observe that the tuber­
cles are similar excepting that the anterior inner is double, or slightly 
bifid. In some of the molars of Tornitherium the two apices of this 
tubercle are separated more lvidely from each other, so as to conetitute two 
cusps. These are connected with the antmior outer cusp by acute ridges, 
which thus form two sides of a triangular area; the anterior ridge is 
evidently a developed cingulum. 

The tubercular molar of some Viverridte, and among the Eocene forms 
especially of the Didymictis protm~us, Cope, present a similar structure to that 
just described. This furnishes a ready expla_nation of the tooth imn1ediately 
in advance, which is the primitive form of the sectorial tooth characteristic of 
that type of Creodonta. The three anterior tubercles are largely developed, 
standing at opposite angles of a triangular space; the outer and anterior 
cusps are the most elevated, and the ridge which connects them is now a 
cutting blade. The posterior portion of the tooth does not share in this 
elevation, and its two tubercles are in some genera obsolete, and in others 

replaced by an elevation of one margin, which leans obliquely toward the 
middle of the crown. In Mesonyx, this is represented by a media~ longitu­
dinal crest. If the two tubercles of the posterior part of this tooth (which 
I have termed a tubercular sectorial) are elevated and acute, we have the 
molar of many recent and extinct Insectivora; if the san1e portion, now 
called a heel, is much reduced, we have the type of Oxytena and Stypolophus. 
In the Canidte, the three anterior tubercles are much less elevated than in 
the genera above named; the external is much the larger, and the anterior 
removed farther forward, so as to give the blade a greater antero-posterior 

• Proceedings of· the Academy of Philadelphia, 1875, p. 21. 
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extent. The heel· is large and without· prominent tubercles. In the 
Mustelidce, the inner of the two median cusps is often reduced to a rudi­
ment, or is entirely wantlng, and the heel is large. The lower sectorial of 
the Hytenida has no inner tubercle, and the heel is much reduced. In 
some of the saber-toothed Tigers, the heel remains as a mere rudiment, while 
in the true Cats it has entire_ly disappeared, and the carnassial tooth remains 
perfected by subtraction of parts, as a blade connecting two subequal cusps. 
The Hyanodontidm, as is kno,vn, possess three carnassial teeth without inner 
tubercle. The history of this forn1 is as yet uncertain, as it was evidently 
not derived from cotemporary forms of the Eocene with tubercular secto­
rials. 

The development of the carnassial dentition has thus been accom­
plished first by an addition of an anterior cusp, and subsequently by the 
subtraction of the inner and poste1:ior cusp, so that of the original four of 
the quadrituberculate molar, but a single one, i. e., the anterior external, 
remains. 

In addition; these animah; exhibit the following characters of the 
skeleton: 

The glenoid cavity of the squamosal bone is transverse, and well defined 
anteriorly and posteriorly, as in some Carnivora. Of the first series of carpal 
bones of the four genera named, I have been able to learn nothing; but in 
the genus Synoplotherium, from the Bridger Eocene of 'Vyoming, which 
probably belongs to this group, the scaphoid and lunar bones are separate, 
and not united as in the Carnivora. In all the genera, the ilium has a well­
marked external anterior ridg.e, which continues from the acetabulum to the 
crest, distinct from the internal anterior ridge. The ilium has therefore 
an angulate or convex external face, as in Insectivora and Marsupialia, and 
does not display the usual expansion i~ a single plane of most of the pla­
centals. In all the genera, there is a strong tuberosity in the position of the 
anterior inferior spine, which is wanting in the lJfammalia, excepting certain 
Insectivora and ProsimiCB, although it marks the position of the origin of the 
rectus femoris muscle in all types. 

In Ambloctonus, Didymictis, and three undetermined forms, the femur 
supports a third trochanter. . 
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Cuvier describes* the tibia of Carni'uOra as follows: "Quant a la tete 

inferieure, tous le3 carnassiers se distinguent de l'hon1me par sa figure plus 

I ctroite du cote externe que le !'interne, et pnr sa division en deux fosses 

oblique, au lTIOyen d'une arete arrondie qui repond a la poulie de !'astra­

gale. Le phoque l'a cependant d'une fonne tres-particuliere par 

l'excessif aplatissen1ent de sa 1noitie superieure, et par sa facette particulaire 

inferieure, qui est en concavite simple et pen profonde." 

The astragalar articular face of the tibia, in the genera above named, 

is not divided into the two oblique fossre by "a rounded crest which cor­

responds to the groove of the superior pulley-shaped face of the astragalus". 
It is uninterrupted and more or less oblique in the transverse direction; 

always so at the posterior border. 'rhe inner malleolar process is produced 

downward, and· rests in a concavity on the inner side of the neck of the 

astragalus. The astragalus, which I have seen in several of the species, 

presents a corresponding trochlear face; that is, instead of a groove, it 

presents an open angle upward, which separates the superior from the 
oblique internal face. The superior plane is fiat, but is interrupted on ihe 
posterior side hy a groove. This groove is the posterior extremity of that 

which divides the superior face of the astragalus in the higher Mammalia, 
but here it contracts to a point and disappears n~xt the fibular face just as 
it reaches the superior surface. The fibular face is vertical, and shares on 

its posterior part a large ligamentous fossa with the opposed part of the 
fibula. The distal end of the fibula is remarkably stout. 

This structure finds its counterpart in the internal half of the astrag­

alus of the Opossum. The arrangen1ent permits a rotary movement of the 
astragalus, and thus of the whole foot, on the tibia; the fibula, with its 
fixed articulation with the astragulus, rotating on the tibia, as in the Pedi­
n1anous Marsupialia. The flatness of tl"te inner malleolus in some of the 
species indicates that the capacity for rotation was less in them than in 
others. This arrangement exactly reverses the extensive oblique fibula­
astragalar articulation seen in the Opossum, the Petaurista, Dasyurus, &c. 
Professor Owen, in describing the astragalus of the V\T om bat (Phascolomys), 
says: "The upper articular surface for the tibia is, as usual, concavo-

* Ossemens li'ossilcs, Yii, p. 1~2. 
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convex, the internal surface for the inner n1alleolus flattened, and at right 

angles with the preceding, but the outer articular surface presents a triangu­
lar flattened form, and, instead of being bent down parallel with the inner 

articular stuface, slopes a-way at a very open angle fron1 the upper surface, 
receiving the articular surface of the fibula- so as to sustain its vertical 

pressure. This form of astragalus is also characteristic of the Koala, 

Petaurists, Dasyures, and the Pedimanous J\iarsupialia." 

In one species, where the cuboid bones are preserved, it is evident 

that the distal end of the astragalus articulated with this as well as with the 
navicular bone, although the facet of the astragalus is single and continuous. 

As the extensive transverse distal astragalar face is characteristic of all the 

species ·where it is preserved, the contact of the cuboid and astragalus is. 
probably common to all of this division. There is no elongation of the 
navicular; it is, on the contrary, very short, since the astragalus projects 

beyond the calcanetnn (in the genera where they have been observed). 'rhe 

cuboid is, on this account, rather elongate, but not remarkably ·so. There 
,vere five toes in the hind feet of some of the species. The ungues in son1e 

of the genera are compressed and acute. In the genus Synoplotheriurn, from 
the Bridger Eocene, I found one of the claws to be broad and flat, so as to 

be subungulate. I found an ungueal phalange in New l\fexico, probably 
belonging to a species of this group, which presented a sin1ilar, though less 
expanded, form. I have every reason for believing that there were five 
toes on the hind foot of Stypoloph~ts hians and a second species. 

The characters now adduced lead to the following conclusions as to 
the systematic position of these animals. 

The small size of the cerebral hemispheres and the very slight indica­
tion of convolutions, refer this group to the Lissencephalous or Lyence­
phalous Marnmalia. The characters presented by our crania are borne out. 
by those exhibited by the Arctocyon prima:vus, De Blainv., from the Lower 

Eocene or Suessonian beds of France. Professor Gervais* has discovered 

that the olfactory lobes are large, and project far beyond the hemispheres, 
'vhile not only the cerebellum but also probably the corpora quadrigemina 

·were exposed behind. 'Ve are therefore restricted, early in the inquiry, to 

* Nou,·elles Archives du Museum, 1870, p. 150. 
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comparisons with a few orders. These are the Insectivora, Marsupialia, and 
some of the Prosimite, which. have small brains. Other characters, however, 
exist, 'vhich add to the- reasons for separating tl1em from the Carnivora. 

rrhere is nothing in the dentition inconsistent with the orders Carnivora, 
Insectivora, an.d Marsupialia. It resembles that of some Viverrida of the 
first, JJfystomys of the second~ and the Sarcophaga of the third. N everthe­
less, in the often limited number of incisor teeth, it approaches most nearly 
to the I nsectivora. 

The transverse glenoid cavity is that of the three orders named, and 
distinguishes the group from the Rodentia. 

So far as known, the coossification of the scaphoid and lunar bones, the 
distinguishing character of the Carnivora, is wanting. The angulate shape 
of the ilium is that of Insectivora and Marsu,pialia. It is less apparent in 
Chiromys, and is not characteristic of the higher Mammalia. The large 
anterior inferior tuberosity is especially a character of the Len1urs, other 
than Nycticebince (1\tlivart),* the Chiromys, and of certain Insectivora, 
especially Solenodon. It is figured by 1\fivart in Indris and Loris, by Owen 
in Chiromys, t and by Peters in Solenodon. ~ It is absent in Carnivora, the 
true Quadrumana, Marsupialia, and many Insectivora. Allman§ does not 
represent it in liiystomys. The third trochanter of the femur is wanting in 
the Gyrencephalous orders generally, characterizing only the Perissodactyla. 
Among Liss~ncephalous orders, it is very common in the Edentata, and still 
more usual in the Insectivora. It does not occur among ~farsupials. But 
in the Prosimia, there is often a third trochanter· (Mivart, l. c.; e. g., Lemur, 
Galago ). In Talpa and some other Insectit·ora, and also in Chiromys, it is 
situated high up, nearly opposite the little trochanter. 

In the tibio-tarsal articulation, this group resembles no living genera 
with which I am acquainted. So far as the tibia is concerned, it is remark-
ably like that of the Ungulate genus Coryphodon, but the astragalus is very 

• In a memoir in the Philosophical Transactions, vi, p. 421. 
t Proceedings of the ZoOlogical Society of London, v, pl. xxi. 
t Abhandlungen der kouiglichen Acauemie der Wissenscbaften, 1863, pl. 3, Ueber 

Solenodon cubanus. · 
§Transactions of the ZoOlogical Society of London, vi, pl. 2, On Potanwgalo 

(Jfystomys) velox. 
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different. The astragalus in its oblique inner side reverses the form seen·in 
the Lemurs and that of the Seals, and resembles more nearly that of the true 
Quadrumana. From these it differs in the absence of the superior groove. 
The cuboid and navicular are not elongate as in Lemurs. The number of 
toes, supposed to be five, is that of most of the Lissencephalous 1\'lammals, 
belonging also to the Bears, the Quadrumana, &c. The flat claws of some 
of the genera tend to obliterate the distinction between the Unguiculate and 
Ungulate series, but they are not present on all the digits of all the species. 

The comparison of this group brings out principally affinities to the 
Insectivora and Prosimia. Besides the differences fro1n the MarsupiaUa, 
already pointed out, in .the genera Oxyo:na and Didymictis, the posterior part 
of the inferior border of the mandibular ramus is not inflected, as in Marsu­
pialia; in Stypolophus ( viverrinus ), the lachrymal canal is w:ithin the orbit, 
and not exterior to it. The reduced number of incisors in the l~wer jaw 
and the normal number above, are a further ground of distinction from the 
Carnivorous MarsupiaUa. 

· Comparison with the Prosimir2 shows that the differences consist in the 

sectorial character of the molar teeth and large development of the canines 
in the Eocene forms ; in the short tarsal· bones, and peculiar tibio-tarsal 
articulation; with convex external face of the ilium. This ensemble of 

0 

charact.ers can hardly be regarded as ordinal; and there only remains, to 
give character to such a distinction, the difference in the size and form of 
the cerebral hemispheres. This character, in some of the smaller living 

Lemuridce, is not strongly marked, and in them the approximation of the 
Gyrencephalous to the Lissencephalous Mammals is at its closest. 

The differences from the Insectivora are less numerous. The only 
trencha~t distinctive character upon which I can seize, in comparison with 
Mytlwmys and Solenodon, is the peculiar tibio-tarsal articulation. On this 
account, and because of the rather more _marked carnassial characters of 
the molar teeth, I have proposed to place the genera Ambloctonus, Oxycena, 
Stypolophus, and Didymictis in a suborder of Inse~tivora, under the name 
of Creodonta. * 'rhey stand also in relationship to the Lemurs, and n1ore 
remote] y to the Carnivora. 

• On tbe Supposed Carnivora of the Eocene of the Uocky Mountains, by E. D." 
Cope. Svo. Philadelphia, December 22, 1875. 
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II. 

Since 1872, the Eocene for1nations of the Rocky 1\fountains have 
been known to contain the remains of ntunerous species of l\Jam1nals 

which possess greater or less proportions of characteristics of the order 
Quadrumana. Son1e of these 'vere referred by their first describers to the 
Insectivora, and others to the Ungulata. In October, 1872, the writer 
described a genus, Anaptomorphus, represented by a ja'v found in the 
Bridger beds of \tVyoming, in 'vhose dentition Quadrumanous character­
istics are so marked as to have induced n1e to corr1pare it with such typical 

forms as Simia. The characters of the mandibular dentition then recorded 
are those of the true monkeys, but the pennancnt separation of the man­
dibular ran1i, distinguishes the genus from these and from the marmosets, 

constitutipg a resemblance to the lemurs. rrhe dental fornn1la is I. 2; C. 

1 ; P. M. 2 ; 1\l 3 ; the crowns of the premolars with a single, undivided, 
co1npressed tubercle. In the following year, I published (1\fay 6, 1873) 
a second paper, in which the characters of Anaptomorphus and of the 
earlier described Tomitllerium (Cope) were more fully elaborated. In this 
essay, I referred* the latter genus also to the Quadrumana, but as express­
ing a type even more aberrant than the Len1urs, and therefore ·well sepa­
rated from the true 1\fonkeys. I cited, as reasons for this reference, the 
:flat ilium, the long femur, the round head of the radius, the form of the 
distal end of the radius, with the coossified syn1physis and four transverse 
incisors of the lower ja,v. I pointed out that the forms of the molars are 
similar to those of the Quadrumana, and to anhnals of some other orders 
as ~ell, while the ntunber of n1olars is greater than in the Le!llurs, or 
any other known group of the order. The formula of the mandible is I. 
2; C. 1 ;. P. l\1. 4; l\1. 3. I also pointed out the resemblance between 
this genus and Hyopsodus, which was then estimated as Ungulate, but 

which· has since been stated to be Lemurine. Finally, I added to this 
series, in the same year, t tho genus described by Leidy as Notltarctus, and 
a fourth species, which belongs to the genus Pantolestes, Cope. 

*On the Primitive Types of the Mammalia Educabilia. 

t Annual Report U. S. Geol. Snrv. Terrs., 1872 (pub. 1873), p. 549. 



BU.NOTHERIA. 81 

At the tin1e of the discovery of Anaptomorphus, Prof. 0. C. JYiarsh 

expressed the opinion t that some of the forms noticed by him in the 

Bridger formation of vVyon1ing are allied to the Lemurs. He, ho·wever, 
did .not state the characters which led hin1 to entertain this opinion, nor did 

he give such descriptions as ·would enable the anatomist to judge of its 

correctness. Up to the present date (Ma.y, 1876), no n1ore complete account 

of these animals has appeared. 

In the Actes of the Linn:£an Society of.Bordeaux for 1873,* l\L Del­
fortrie published a description of the craniun1 of a Mamnw.I which he nan1ed 

Palceolemur betitlei, which he referred to the Lemurs, pointing out certain 
differences. l-Ie gave a number of characters which he deen1ed sufficient 
reasons for such a course. Chief among these are the completed orbits, 

directed partially forward, which are associated with elongate nasal bones, 

large petrous bone, and acutely tubercular molars. l\1. Delfortrie also 
points out that the dentition differs from t_hat of the known. Lernu?~idce in the 
1nore numerous premolars, giving. the following fonnula: I. ~ 2 ; 0. 1 ; 
P. M. 4; M. 3; or the same as that of Tmnitheriwrn. 

The history of discovery of the European forms of this group is · 
· similar to that ·of our own, in respect to the difficnlty at first experienced 

by paleontologists in referring thmn to their proper systematic position. 
The investigations conducted by Cuvier, during the early part of this 

century, into the extinct Vertebrata o~ the Eocene of the neighborhood of 

Paris, revealed, among other types, the genus Adapis (On Y. ). This he referred 
to the Ungulates, and to the neighborhood of .A1wplotheritt?n. Laurillard and 
BlainYille believed that its affinities are to the Insectivora. ·The above-men­

tioned discovery by M. Delfortrie, of Bordeaux, of the greater part of the 
cranium, at Bebuer (Department of Lot), of his Palceolemurbetillei,t led hhn to 
announce that Len1urs inhabited France during early Tertiary tin1es. This 

was in .confirmation of the opinion of ~f. Riitimeyer, ·wh~ had already 
described a Cmnopithecus lemuroidcs from the Eocene of Switzerland. But 
~f.M. Gaudry and Gervais, on further investigation, came to the conclusion 

*The separate copies of this p·aper arc dated May 25, 187:1, while a supplement 
atta,ched to the last page is tlated September 4, 1873. 

tAmer. Jour. Sci. and Arts, Oct. 8, 1872. 
tActes de la Societe Linneenne. de Bordeaux, xxix, 1873. 

GGR 
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that the Pala3olemur is the Adapis of Ouvier, and that Aphelotheri~t1n, Gerv., 

and Crenopithecus are also synonyms of it. And they are dispose_d to 

accede to the conclusion of Delfortrie as to its affinities. Subsequently, ~1. 

l1~ilhol established for this genus, and a new one which he called Necrolem~tr, 

a family, the Pachylemurida3, adding a new species, Adapis 1nagnus.* In 

this paper, he recognizes the characters. pointed out by previous authors, as 

allying this family to the Lemttrida3, as well as the higher dental formula 

which distinguishes it, and adds some important characters, which are 

strongly marked in the genus Adapis. I-Ie finds the cranium to be strongly 

contracted just behind the orbits and at the pterygoid plates, in a manner 

unknown to existing Lemuridce. 

Subsequent to the above dates, the number of known species of these 

puzzling Eocene lJ!ammalia has been increasing, and the Wheeler expedi­

tion of 187 4 added a number of genera and species to those previously 

known. An account of these will be found in the following pages. 

I have seen no reason to modify.the view originally expressed as to 

the Quadrumanous affinities of Anaptomorphus, but new light has been 

thrown on the structure of Tomitheriunt and its allies. The fragments of 
skeletons of two species of this genus ( T. y"arrovii and T. tutum) include · 

numerous bones of the tarsus, and these are identical with corresponding 
partfs in the Creodonta, and different from those of the Lemuridce.. The 

astragalus extends anterior to the shortened calcai).eum, and the n_avicular is 

short and the cuboid not elongate. The superior aspect of the first presents 

two oblique surfaces, one for the internal rnalleolus, the other for the trans­

verse facet of the tibia. The portions of femur including the third trochanter, 

the proximal part of the ulna, and the distal portion of the humerus are all 
closely similar to those of the Creodont a. rrhe type specimen of Tomitherium 
includes some parts of the skeleton not present in the New Mexican species. 
Thus the ilium ofT. Tostratum, while furnished with the prominent anterior in­
ferior spine of the Creodonta, is flattened toward the crest, and is not angulate 
on the external face. The femur is furnished with a very elfrvated third tro­

chanter, which is opposite to the little trcehanter, a.s in Chiromys ·and Talpa, 

*Ann. Sc. Geul., t. h·, No. h·, p. 18, pl. vii, viii, 1874, and Journal de Zoologil~, h·, 
p. 4(i4. 
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and not low down, as in C1·eodonta. The head of the radius is rounder than 

in Creodonta. The skeleton of Tomitherittm, in fact, bears a ~trong resem­

blance to that of Chiromys, leaving the skull out of view. 
The skeleton of the New J\fexican form includes an .entocuneiform, like 

that of Stypolophus hians, which indicates a non-opposable hallux. 

It is apparent that the supposed Lernurine Mammalia of the type of 
Tomitherium, which. have the forrnula of the molar teeth 4-3, cannot be sep­

arated by ordinal distinction from the Oreodonta. rrhey differ from them,_ it 

is true, in their ,vholly tubercular molar teeth, but in·this relat~ to them as 
the Bears and Procyonidce do to other Carnivora. I p:POpose, therefore, to 

constitute these a distinct group or suboi·der, intermediate in pos~tion be­
tween the Creodo.nta and the Prosimia, under the name 0f the Mesodonta 
I cannot now find characters by which to distinguish this division fron1 the 
Insectivora as an order. 

III. 

The ren1arkable type first introduced to the notic~ of paleontologists 
by Leidy, represented by the genus* Anchippod~ts, has been separated as a 

distinct order of Mammalia, under the name of Tillodontia, by ~Iarsh, to 
whom we are indebted for a knowledge of many of its characters. He 

states these to be, the possession of claws, plantigrade feet wit_h five toes,. a 

third trochanter of the femur, and separate scaphoid and h1nar bones; also, 
that the dentition is characterized by molars of the Ungulate type, small 
canines, and large scalpriforrn incisors in both jaws, faced with enamel, and 

growing from persistent pulps, as in the Rodentia. He . says this . order 
'

4 seetns to combine· characters of the orders of Carnivores, Ungulates, and 

Rodents". 
Except in the dentition, the definition aboye giYen applies to the Cre­

odonta; and an analysis of the dentition shows so many points of resem­
blance as to render it probable that they pertain to the san1e order of JJ[am­
malia; also, except in the incisor teeth, the characters given by Professor 
:Marsh do not differ from those of the Insectivora. The structure of the 
superior n1olars is not incons~stent with the . same order,, and . the sn1all 
canines and large incisors are e·ven more like those of most Insectivora than 

• Amer. Journ. Sci. aud Arts, 1875, 2~1. 
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are those of the Creodonta. The fotm of these incisors, with their anterior 
enamel band and growth from pei:sistent pulps, is that of·the order Rodentia. 
In all respects, however, there- is relation to the Insectivora of the type of the 
E1·inaceidce (IIedgehogs ). In the latter, the molars and posterior pre­
Inolars haYe the same tubercular character, and the inferior molars are 

~inlilarly composed of two V s, 'vith the apex outward, an arrangement 
which is indeed common to a Inajority of the Insecti~ora. The reduced 
canines and exterior incisors of Tillotherium are again repeated in Erinaceus, 
and the enlarged incisors separated by an interval, are common to both 
types. rrhe essential difference in the structure of the incisors entitles the 
Tillodonta to a position as a distinct suborder of the Insectivora, but the 

interval is diminished by the genus Esthonyx. 'l,his genus; with the molar 
teeth of the type common to the two groups, presents incisors which are 
intern1ecliate in character. While the anterior face only is covered with 
enamel, and the edge is thus scalpriform, the -latter is not persistently 
developed, but tenninates at a point which .obviously distinguishes crown. 
from root. 'l1 he con1bination of "characters of Carnivores and Ungulates" 
with those of Rodents, supposed to exist by Professor Marsh, is thus not 
obvious. 

IV. 

· Another group of this order was discovered by the writer 1n Now 
:&Iexico, and is an especial su hj ect of this report. They differ from the pre­
ceding, and all other :Thfammalian types, in the structure of their superior 
incisor teeth. rrhese have two band-like enamel faces, one anterior and the 
other posterior, the result of which is a truncate or concave extremity of the 
crown on attrition. 'l,he inferior incisors are Rodent-like, with an anterior 
enamel band only. 'l,his group I have called the Taniodonta. So far as 
known, the structure of the 1nolar teeth is 1nore simple than in the Tillodonta., 
and the enamel is reduced in its extent, being chiefly present in bands on 
their external faces. In one genus, Calamodon, the surfaces thus left 
uncovered are invested with a layer of cmnenhun. 

v. 
It appears to 1ne that the four divisions above defined are not separable 

as orders fnun each other, but are connected by very close gradations. It 
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a1)pears to n1e also that it is impossible to frame a definition for the1.n all 

which shall exclude the Insectivora of the present geologic period. The 

definition in question must be the following: · 

Cerebral hen1ispheres sn1all, h~aving the olfactory .lobes and cerebellum 

exposed; the surface smooth, or nearly so. Limbs arnbulatory, armed with 

a greater or less number of compressed ungues. Artic.ulation of the nlan­

dible transverse. l\Iolar teeth ~f the superior series (and usually of the 

lower) tubercular, and without continuous crests. Incisor teeth present in 

the premaxillary bone. Teeth invested with ei1amel. Feet 'vith five digits. 

(with a fe,v exceptions). Usually a third trochanter of the femur. 

I have applied to this order the name Insectivora, so as to avoid the 

creation of a new one. I no'v think that the latter ·would have been the 

better course. The natne Insectivora has acquired currenc); as applied to 

the well-known 1nodern group of that name, and its ~·pplication to types 

of such apparent diversity as those now associated under a single head is 

not a convenience. I therefore propose the nan1e Bunotheria for the order, 
and include under it the suborders Oreodonta, Mesodonta, Insectivora, Tillo­

donta, and Tceni9donta. Further investigation 'vill be necessary in order to 
determine the relations of the .Prosimire to this order. The suborders are 

characterized as follows : 

Superior incisors normal, not growing from persistent pulps; canines much et1larged; 
'premolars compressed; molars more or less sectorial; astragalus not grooved 
above, articulating with cuboid and navicular; scaphoid and lunar bones distinct; 
five toes on the hind foot ...................................... .- ..... Grcodonta .. 

Incisors not growing from persistent pulps; molars tubercular, never sectorial; Y third 
trochanter elevated; astragalus no~ grooved above ..... c •••••••••••• • ll1e8odonfa,, 

Incisors enlarged, simple, not growing from persistent pulps; canines t·educed; a~trag-
a.lus concave or grooved abo\e... . ............................... Insectivora.• 

In.cisors much enlarged, growing from persistent pulps, and fhced with enamel in front 
only; therefore scalpriform ......... ~ .............................• Tillodonta. 

Incisors much enlarged, growing from persistent pulps, the superior faced with euam~l 
in anterior and posterior bands, and lwnce truncate ................. Tamiodonta. 

The order of Bunotheria with these subdivisions is not more hetero­

geneous than that .of the lJfarsupialia, and presents a great similarity 

in its component parts. Thus the Creodonta resemble the Sarcophaga, the 
Insectivora the Entornophaga, and the Tillodmta the Rhizoph.aga. f.Jhasr,o-

* Liun., Bonap., Gill. The typical lnscc.t,ivora. 
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lomys, the type of the last suborder, presents several points of resemblance 
to the T,illodonta. 

The affinities of the groups here combined under one ordinal caption 
are very divergent. The order is generalized, and, as such, does not pre­
sent the peculiar features of the ·Chiroptera, Rodentia, and Edentata, but is 
so far negative in its character as to preclude more than subordinate subdi­
\-ision. 'Vhile the existing division Insectivora maintains the typical charac­
ters, the Dermoptera, also existing, are doubtless relics of the group frorn 

whieh the Chiroptera derive their ancestry. The Tillodonta present sotne 
kind of affinity to the llodents, while the Treniodonta present us with a point 
of connection with the Edentata. The discovery of this fact is particularly 
'velcome, as we have not pi'eviously had any hint of the relations between 
that anomalous order and the remainder of the JJ[ammalia. So far, I have 
only indicated relationships to smooth-brained (lisseneephalous) orders. 
The connections with the Gyrencephala (or Educauilia) are quite as close, 
namely, as already pointed out, through the JJfcsodonta to the Prosimire and 
the Quadrumana, and through the Creodonta to the Carnivora. 

Standing in this structural relation to different existing types, and in 
an antecedent relation as to titne, it is easy to look on the Bunotheria as 
ancestral to son1e of them. In the first place, the Insectivora represent then1 

in the existing. fauna. The Creodonta are probably the ancestors of the 
Carnivora and the Mesoclonta of the Prosimire. 'rhis ancestry is rendered 
almost certain by the reeent discovery, by Drs. A. Milne-Edvvards and 
Grandidier, of the affinity existing between the Prosimite and ~he Carnivora. 

Before the discovery of the species and genera which form the subjects 
of this report, I wrote* as follows: "I trust that I have made it sufficiently 
obvious that the primitive genera of this division of 1\'lammals must have 
been Bunodonts with pentadactyle plantigrade feet. * "~ We may antici­
pate the discovery of such a genus, and believe that it will not be ·widely 
rmnoved frorn the Eocene Hyopsodus, or perhaps Acluenodon. -r: ;: Bnt 
it will be more than this: it cannot be far remqved from the primitive, 
Carnivore and the primitive Quadrumane. The Carnivora are all modified 
Bunodonts, and the lower forms ( Ursus, Procyon, &c.) are pentadactyle 

>li' On the llomologies and Orig·in of the ~rypes of Molar Teetll of l\iammalia Edu­
caoilia. ,Journal Academy Philadelphia, 1874, p. !JO. 
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and plantigrade. As to the Quadrumana, man himself is a pentadactyle 

plantigrade Bunodont. * * Such a hypothetical type might be expressed 

by the name Bunotheriidce, with the expectation that it will present subor­

dinate variations in premolar, canine, and incisor teeth. The pre1nolars 

might be expected to differ in the degree of development of the internal 

lobes, the canine in its proportions, and the incisors in their number." 

The history of discovery of the Eocene forms of this order is. briefly 
told. Professors Leidy, 1\Iarsh, and myself had described Oreodonta as 

Carnivora, until I pointed out, in some remarks before the Philadelphia 

Acaden1y (published December 22, 1875), their true relations. The first 
species of Tillodonta was described by Leidy from an inferior molar front 
New Jersey in 1868. Dr Leidy next described the dentition of the man­

dible of the same genus from Wyoming. Subsequently, Marsh described 
the superior rnolars of an allied genus, also from vVyoming. · In 1874, the 
writer described the dentition of the Taniodonta from specimens collected 

in N e"\Y Mexico. In March, 18 7 5, 1\iarsh proposed the Tillodonta as an 
order of Mammals, giving its dental characters, and stating that the 
brain was "s1nall". In December, 18 7 5, in his ren1arks on Creodo.nta, 
Professor Cope referred this g~oup to the Insectivora as a suborder. 
In 1\iarch, 1876, 1\iarsh gave a full description of the cranial characters 

of the genus Tillotherium, descri~ing the characters of the brain fr~m a 

cast of the cranial cavity .. In the same month of 1876, the writer 

characterized the suborder Tren-iodonta, referring to it the genera Ectoganus 
and Calarnodon. 

OREODONT A. 

The genera of this suborder found in the W ahsatch beds of New Mexico 
differ as follows: 

I. First and third inferior true molars without internal cusp; last superior molar 
longitudinal; last inferior molar carnas:sial ................ Ambloctonus. 

II. Inferior carnassials with interior tubercle; no tubercular molar; last superior 
molar transverse : 

Three tubercular carnassials .......... ~... . .••.•............. Stypolophus. 
Two tubercular carnassials ....... _ '.... . . . . . . . . . . . . . • ...... _ ... , Oxywna. 

III. Inferior carnassial with interior tubercle; a tubercular molar: 
One tubercular carnassial .... ~.... . . . . . . . . . . . . .............. Didymictis. 

The number of toes on the hind foot cannot be certainly stated jn all 
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the genera; but, in Stypolopltus hians, there were probably :five, the iiuwr 
being of reduced size. Thoro is present in those species an entocuneifonn 
bono, which reson1blos that of Canis; it is compressed, with one truncate 
concave terminal facet, and an internal oblique one at the opposite and 
proximal extremity. The form of the truncate articular face of the distal 
end indicates the existence of an inner metatarsal bone of moderate propor­
tions, which probably supported a srnall hallux. This thun1b could not be 
opposable, as in tho Opossum. 

In general appearance, tho Creodonta differed from the Carnivora, in 
many of ·the species at least, in the small relative size of tho lin1bs as co~­
pared with that of tho head, and in sotne instances as con1pared with the size 
of the hind feet. The feet were probably plantigrade, and the posterior ones 
capable of sotne degree of horizontal rotation. The probable large size of 
the rectus femoris muscle indicates unusual po,ver of extension of the hind 
litnb. They ·were furnished 'vith a long and large tail. Probably son1e of 
the species resen1 bled in proportions the ]fystomys and Solenodon, no1-v 
existing in Africa and the "\Vest Indies, but they mostly attained a 1nuch 
larg.er size. 

To the Creodonta must be referred, according to the infonnation which 
've possess, the genus .Arctocyon of Blainville. Professor Gervais has dis­
covered that it possessed the very small cerebral hemispheres characteristic 
of the Oreodonta. The olfactory lobes are large, and project far beyond 

the hemispheres, while not only the cerebellun1, but probably the corpora 
quadrigetnina, were exposed behind. The tarsal ~rticulation and the poste­
rior part of the mandibular bones are ·unknown, hence this reference is not 
certain. ~rofessor Gervais-!-': regards it, after Laurillm·d, t as a Marsupial, and 
establishes an especial family of the order for it8 reeeption. It is, ho1-vever, 
more probable that its affinities are with the contemporary genera of flesh­
eaters Palceonyctis, ··Blv., and Pterodon, Blv., genera which have near allies 
a1nong the subjects of this memoir. Palceonyctis was the conten1porary of 
the Coryphodons in the Suessonian period of Western Europe, and presents 
a strong resemblance to Ambloctonus in its mandible, the only part of the 

*Nouv. archives dn museum, 1870, p. 150. 
t Diet. uuiv. d'hist. naturelle, ix, p. ·100. 
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skeleton known. The posterior part of the ra1nus is not inflected according 

to Gervais, and he therefore does not refer it to the Marsupialia.* 'rhe 
nearest Er:.ropean representative of Oxycena is Pterodon, in ·which the form 
of the mandible also· forbids a reference to the lJfarsupialia, ·as Gervais has 

rernarked. Both genera are doubtless members of the suborder of Creodonta. 
The genus Hycenodon, on the other hand, is not referable to the same group, 

since the figure given by Professor Gervaist representing the brain of the 

originally-described type, H. leptorhynchus of the Miocene period, displays 
characters of the true Carnivora. The anterior part of the cranial. cavity of 

the speci1nen moulded is broken away. 
It is possible that the genus· Diacodon, Cope, belongs here also; its spe­

cies resen1ble slightly the Chiroptera in the inferior dentition, and are of 
small size. I-I ere must also be referred supposed Carnivora fron1 the Eocene 
of vVyoming, stated by l\1arsh to be allied to the Viverrid~. , 

The genus Mesonyx, t which I discovered in th~ Bridger beds of 'Vyo­
ming, cannot be referred to the Creodonta as here constitute(l, since the 
trochlear face of its astragalus is completely grooved above as in the true 

Carnivora, and its distal end presents two distinct facets, one for the cuboid, 
and the other for the navicular bones. It represents on this accou~t a pecu­
liar family, the JJ!lesonychidce. 

There are various degrees of developtnent of the sectorial str~1cture of 
the molars in this suborder. In some of them, as Didymictis, only one of 
the inferior molars presents this structure ; in others two, and in others 
three. In one type, the ~ast superior molar is longitudinal ; in others, it is 
transverse. In .Arctocyon, the superior true n1olars are tubercular. For the 

present I point out the three following families as well defined : 
J • .Ambloctonid2!.-Last superior molar longitudinal; inferior 1nolars 

with the internal tubercle little developed. .Genera,-Ambloctonus, and per­
haps J>alaonyctis. 

2. Oxycenida.-Last superior molar transverse;. the preceding ones sec­
~orial ; inferior molars sectorial. Genera,-Stypolophus, Oxycena, Pterodon, 
and perhaps Patriofelis. 

* Nouv. archh·es du museum, 1870, 151. 
t Loc. cit., p1. vi, fig. 5 .. 
t Ann. He pt. U. S. Gcol. t>urv. Terrs., 1872, p. 550. 
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3. Arctocyonida!, Gervais.-. Posterior superior molars tubercular. (One 
or more post~rior inferior molars tubercular in American genera.) Genera 
A rctocyon, and probably tho A1nerican genera lJfiacis Cope, ( Uintacyon, 
Leidy), and Didymictis. 

No genus of this suborder has been found in any formation above the 
Eocene either in Europe or America, and all, excepting Miacis, Patriofelis, 
and Stypoloplws, are from the Suessonian or vV ahsatch beds only ; the three 
genera named being from the Bridger. The nearest ally in Miocene beds 

appears to be Hycenodon, which approaches nearly to Pterodon in its denti­
tion, so that the two have been regarded as identical by some authors. 
If the latter genus resembles the Creodonta in its brain form, it is quite 
distinct from the Miocene genus; but, on this point, 've are not yet in pos­
session of the necessary infonnation. 

Al\1DLOOTONUS, Cope. 

Syst<.•ru. Cat. Vert. Eocene of New :Mexico, U. S. Geog. Survs. W. lOOth :M., 1875, p. 7. 

'The fossil remains which illustrate this genus include the greater part 
of the dentition of one side of the cranium and that of the posterior pa1~t 
of the mandible, with a nutnbcr of bones of the limbs; the teeth are sorne­
'vhat worn, but not so nniCh so as to prevent determination. 

The superior molars preserved are three in nurnber, whieh extend pos­
teriorly from below tho orifice of the foramen infraorbitale exterius. The 
crowns are longitudinal, and consist of a throe-lobed exterior blade and an 
inner depressed tubercle. The last molar is longitudinal, and not transverse, 
as in Oxycena. The superior canine is large, and· is preceded, with a short 
intervening diastema, by a very large exterior incisor. rrhe last inferior 
1nolar consists of two cusps and a rudimental heel. The cusps form a short 
carnassial blade. Their nu1nber cannot be detern~incd on the penultimate 

1nolnr, but there is a well-developed heel, and the anterior part of the cro·wn 
is wide. The molar which precedes has three principal cusps, the two 
anterior forming together a blade; in the type-species, there are accessory 
tubercles adjacent to the posterior cusps. 

I!> 

Among the fragments of tho lirnb-bones of A. sin_osus some character-
istic features may be noted. Thus the distal extremity of the nina exhibits 
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an extensive transverse artieulation with th_e earpus, anrl an external tuber­

osity relatively little .produced. The external ridge of the shaft of the 
femur is developed into a protuberanee, ·whieh is a low third trochanter. 
In the tibia, the troehlear surface is oblique and nearly uninterrupted, mueh 
as in Oxycena, and without the grooves for an hourglass-shaped astragalus, 
as in Mesonyx. 

This genus resembles 'Hyc:enodon in the structure of its superior molars. 
It differs in the inferior molars, especially in the existence of a tubercular 

heel of the antepenultimate and penultimate, and probably in the arrange­
Inent of cusps On .the anterior part of the latter. 

Ambloctonus sinosus, Cope. 

Plate xxxiii. 

System. Cat. Vert. Eocene· New Mexico, U.S. Geog. Survs. W. lOOth 1\L, 1875, p. 8. 

. 'Two in1perfect skeletons represent this species i~1 the collections of the 

Survey. The best preserved includes the right maxillary bone, with crowns 
and roots of the last four tnolats. The first of these is wider behind than 
before, the posterior root being double. "rhe next has a triangular crown, 

with the exterior and anterior borders at right angles to each other, and of 
subequallengths. ·The foilrth tooth is not quite so wide, but about as long 
as the one just described, has three lobes of the outer summit, and a con­
vex anterior border. '"rhe interior heel of the first molar is constricted at a 

point of its border, indicating an additional internal cusp, probably basal. 
The forarnen infraorbitale is ren1arkably large. Owing to the state of the 
specimen, the number of premolars cannot be ascertained. The canine is 

worn almost to the alveolar border in a vertical truncation ; the diameter 
of the alveolus for the third or outer incisor is but little less than that of 

the canine. 
The characters of the three last inferior n1olars n1ay be partially 

. determined from the two individuals. ':I:'he last molar is smaller in the 
speCimen already partially described than the two which precede it, and 
which are subequal. It has a very short heel, with a cutting-edge on the 
outer side. The ren1ainder of the crown is subtriangular in section at the 
base, supporting a ·posterior and an anterior tubercle, which are connected 
on their inner sides by a cutting-edge. There is a cingulun1 q~n the internal 
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base continuous whh the border of the heel, but none on the outer side. 
'rho antepenultimate molar has three cusps, of which the median is largest, 
and tho anterior and posterior have subequal bases. 'fhe anterior turns to 
the inner side of the tooth, the nwdian stands on the outer side, while the 
posterior is median. It has an accessory tubercle on each side of it, that 
of the inner side much the n1ore elevated, and combining with the median 
to form an incurved grinding-surface on attrition. This cusp sends a ridge 
downward and forward to the interior base of the crown, where it is suc­
ceeded anteriorly by a rudimental cingulum. There is no external basal 
cingulun1. 'rhe enamel bears 1narks of obsolete rugosities. 

Of bones of the lin1bs, there ·were found the distal end of the ulna, ihe 
shafts of both femora, and the di:stal third of the length of the tibia. The 
first-named piece is very characteristic. The articular face, although oblique, 
has nothing like the form seen in Ursus, Canis, and Felis, since the external 
tuberosity is far less pron1inent, and its surface passes by a gentle slope into 
that of the inner part of the extremity. 'rhe radial facet is, on the other 
hand, presented inward and slightly forward, at a strong angle with the carpal 
surface The usual transverse fossa is present below, within the carpal 
extremity, while the superior surface is convex in transverse section, and is 
without \vell-marked tendinous grooves. 'rhe remarkable transverse extent 
of its carpal articulation has already been noted. The shafts of both femora 
are preserved, but the trochanters and condyles are wanting. 'rhe head 
displays the fossa for the ligamentum teres continuous with the deep 
omargination of the postero-internal border. 'rhe plate connecting it with 
the great trochanter is strongly emarginate, and the trochanter has an 
elevated position; the extremity is broken off. The shafts are compressed, 
the transverse diameter being the greater. The external border is the nar­
rower, and, on the proximal regions, is produced into a low rib, which 

expands into the compressed tuberosity of the third trochanter. The base 
of the condyles shows that the internal condyle is the 1nore elevated, and 
the external the more oblique. 

The shnft of the tibia is normally remarkably compressed at its distal 
third, so as ·to have an oval section, with the long dian1eter antero-posterior. 
The distal end has a rmnarkably produced rnallcolus, whose inner side, like 



OREODONT A. 

that of the shaft with which it is continuous, ~s nearly flat. ·The narro,v, 

prominent, anterior face of the shaft is continued obliquely into the malle­
olus, while the post~rior face expands gradually, and without irregularity, 
into the entire distal extremity. rrhe ligamentous groove on the postero­

interior aspect could not have been large, although. its .precise character is 
'obscured by injury of the surface of the bone. The astragalar face is more 

oblique transversely than in any of the genera of this group: the posterior 

n1argin is, as elsewhere, the most so; but the anterior is in no part trans­
verse, as in Stypoloplnts. As in the other genera, it forn1s an angle with the 
malleolar surfa~e, but a very open one.· As usual, the strongest concavity 
of the astragalar face- is next the malleolus. The external margin is .nar­
rowed and slightly recurved, not truncate as in StyjJolophus. This tibia also 
differs strikingly frorr1 that of the latter genus in the absence of the postero­
external longitudinal angle and the compression of the shaft. It differs 
from that of Oxycena in the absence of the exterior ridge, the posterior and 
interior tuberosities, and compression of the shaft. 1.:'he distal part of the 
calca.nel1lll. is rather elongate and compressed. 

This species of Carnivore is of robust character, and about the size 
of the Jaguar. 

JJfeasurements. 
M. 

J.;engtll of the bases of the last four superior molars (No. 1) . . . . • • . . . . . . . .. . . 0. 0710 
!Jeugth of the crown of the antepenultimate superior molar ............. _.... 0. 0175 
'\Vidth of the same ..................... -.. . . .. . . . . .. .. . . .. . .. . . ...... _ . 0. 0170 
J.;ength of the crown of the last molar . . . . . .................. _.......... o. 0180 
vVidth of the Rame ..................................... -..... .. . .. . . .. .. . 0. OIGO 
Length of the last three inferior molars - ................................ . 
Length of the crown of the last inferior molar ....................... ~ ... . 

0 Wi<lth of the same ............. -........................... -.... - ....... . 
Length of the crown of the antepenultimate inferior molar ................. . 
Width of the same ...................................................... . 
Diameter of the superior canine ..................•....................... 
I.Jengt.h of the last' three inferior molars of !Specimen No. 2 ............ -.... . 
Length of the antepenultimate molar of the same: ......................... . 
Depth of the ramus of the jaw at the penultimate molar .. · ................. . 
Diameter of the shaft of the femur of No.1 below middle ..................• 
Diameter of the head of the feinur .......... -.............................. . 
Diameter of the shaft of the tibia (least) .................................. . 
Diameter of the distal end of the tibia measured obliquely ~ ................ . 

Diameter of the calcaneum { Yertical · · · · · · ·- · · · · · · · · · · · · · · · · · · · · · · · · · · 
transverse .................................. . 

0.0410 
0.0120 
0.0080 
0.014.0 
0.0\10 
0.0170 
0.04!)0 
0.0150 
0.04~0 

0.0240 
0.0270 
0. OH)O 
0.0350 
0.0260 
0.0130 
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As con1pared with the Synoplotlteriun~ lani,us, Cope, to which this species 

is probably allied, all the teeth are wider and more robus~, excepting the 
canines. Although the disposition of the tubercles of the lower molars in 
Synoplotlteriurn is unknown, the narrow form of their bases renders it prob­
able that the structure is rather as in Hycenodon than as in A mbloctonus, · 
especially in regard to the antepenultimate, ·which is so exceptionally tuber­
cular in the present animal. 

PACHY.lENA,Oope. 

Report Vert. FosR. New l\fexico, U. S. Geog. Survs. W. of 100th M., 1874, p. 13; Id. 
Ann. Report l!· S. Geog. Survs. W. of 100tb l\i., 1874, p. 125. 

Established on a single superior molar tooth of a large Carnivore, 
apparently allied to the group of flat-clawed Carnivora. It is either the 
last premolar or first true molar. It is characterized by the absence of the 
cutting-edge seen in the allied genera, and its replacement by a conic 
tubercle. 

The crown supports three principal tubercles, two external and one 
internal. Of the two external, the anterior is the largest and n1ost pronli­
nent, and it is separated from the posterior one by a deep notch. The 
internal tubercle is opposite the anterior external, fro1n which it is separated 
to the base by a deep notch. The sections of the tubercles are subround. 
Thus the principal lobe is a cone, and the inner one a perfect cone, a 
little less elevated than the principal one. 

The affinities of this curious genus are not yet determined. 

Ueport, loc. cit., p. 13. 
Ueport, Joe. cit., p. 125. 

Pachyrena ossifraga, Cope. 

Plate xxxix, fig. 10, 

Crown with well-developed anterior and posterior basal tubercles, which 
resen1ble the short heels of some inferior teeth; no cingula, either internal 
or external. rl'he external cones exhibit an obtuse anterior and posterior 
cutting-ridge, but there is none on the internal cone. Enamel slightly 
rugose. 
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J.lleasurements. 
M. 

Length of the crown ..................... _ ............ _....... . . . . . • . . . . . . 0. 020 
Width of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 0. 018 
Elevation of thA anterior basal tubercle.................. . . . . . . . . . . . . . . . . . . 0. 006 
Elevation of tbe central cone .................. _ ......•................... _ 0. 011 
Elevation of the interior cone .................................•......... -. 0. 010 

This is the largest Carnivore yet observed in this formation, ·and of 

peculiar character; its structure indicating 8, diet not purely carnivorous. 

OXY..tE~A, Cope. 

Report Vert. Foss. New l\iexico, U. S. Geog. Survs. W. of 100th M., 1874, p. 11; Id. 
Ann. Report -p-. S. Geog. Sun·s. W. of 100th M., 1874, p. 123; System. Cat. 
Vert. Eocene New Mexico, 1875, p. 9. -

3 1 4. 2 
Dental formula: I.-. 0 -,· Pm. -,· M. -

2
. Two small median u' . 1 4 . 

superior incisors and a very large external one separated by a diastema 
fro1n the canine. The latter is large, and is followed with little interval by 
the first ·premolar. The two last pretnolars and all the molars of the superior 
series with an internal heel; the last n1olar transverse; third and fourth 

upper premolars with an anterior cone and posterior cutting-lobe; the first 
true molar with two anterior acute cones, the posterior forming a sectorial 

edge with the posterior lobe; last superior 1nolar with a single trenchant · 
edge. 

In the mandibular dentition, the canine teeth are directed forward 
and upward without intervening incisors. First premolar one-rooted; 
second and third consisting of an anterior elevated cone and posterior 
heel, which is elevated and trenchant in the middle. The fourth premolar 
is nearly similar, with ,.the posterior tubercle sharp-edged. 'rhe two 
true molars with an anterior elevated portion and small, low heel; the forn1er 
consisting of three acute tubercles, of which the largest or exterior forms 
with the ~nterior, a sectorial blade oblique to the axis of the mandibular 
bone. 

This genus has one less superior molar with double median cone than 
Stypolophus; jn that genus, I find also in the lower jaw three sectorials of 
the forn1 described, instead of two only. It is one of the group which, 
with Synoplotherium, Cope, presents in its dentition a nearer resemblance to 
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the genus Hyamodon than to any other of later age. It differs from both 
the genera named in having only six molar teeth, and the triangular type of 
inferior sectorial teeth is not seen in either. 

On a former occasion, I wrote the dental formula· of Oxycena, molars. 
3-3 (Annual Report of the Chief of Engineers, 1874, p. 599), but now 
transfer one tooth from the premolar to the molar series, in accordance with 

the correct homology, so as the read 4-2. 
The exterior portion of the posterior transverse superior molar is a 

transverse blade, interior to which is one or probably two subtriangular 

cusps. The blade shuts down in contact with the plane posterior face of 
the united middle cusps of the last inferior molar, and the cusp shuts down 
on the inner side of the heel of the same where the surface is often seen to 
be 1vorn obliquely by it. The elevated cusps of the last inferior n1olar 
close into a deep fossa of the maxillary bone; the blades of the external and 
ante).'ior cusps shearing against the inner side of the posterior 1nedian cnsp 
and posterior blade of the penu-ltilnate superior molar. The inner heel of 
the latter opposes transversely the posterior heel of the penultimate inferior 
molar, shearing sornewhat with the posterior border of the united n1edian 
cusps. The external and anterior cusps of the penultin1ate inferior molar, 
with their external shear, fit within the median cusp and posterior blade 
of the antepenultimate superior molar, and are received into a correspond­
ing pit of the maxillary bone, which is not so deep as the posterior fossa. 
'rhe surface of the maxillary between this tooth and the last premolar is 
only slightly concave. Thus, in this genus, and the arrangement is similar 
in Stypolophus, each inferior tuberct1lar sectorial tooth makes two shears with 
two corresponding superior molars, viz, a posterior t~~ansverse with the 
superior 1nolar behind it, and an external oblique with the superior molar 
corresponding to it. This does not occur in any recent Carnivora, and is a 
more complex, although 1nuch less powerful, arrangement than they possess. 

The skull in this genus is robust. In the 0./orcipata, there is an elevated 
sagittal crest, and the superior walls of the cranium are massive. Tho 
crest divides on the posterior part of tho f~·ontal region, and disappears. 
The zygomata are short and deep, and laterally expanded. The malar 
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bone rises in a strong postorbital pro.cess, partially inclosing the orbits, as 

in the Cats. 
The head of the humerus in 0. morsitans exhibits a rather large greater 

tuberosity and small lesser one. rrhe spine of the scapula rises abruptly 
near the glenoid cavity. In a fragn1entary skeleton of probably the same 
species, a portion of the ilium i~ preserved. It exhibits a tuberosity above 
the acetabulum which represents the "anterior inferior spinous process" of 
human anatomy, and is larger than in the existing genera Urs-us, Canis, 
and Felis. rrhe middle of the shaft of the femur is wanting in all our 
specimens of this genus. The proxin1al portion of that of 0. 1norsitans is 
wide and flat, and has a large great trochanter about equal in elevation to 
the head, which does not inclose a deep or large fossa. The fossa for the 
ligamentum teres is at the fundus of a deep emargination of the rim of the 
head. The distal part of the femur is flattened as in Ambloctonu.s, and the 
patellar groove is not elevated as in Stypolophus viverrinus, but wide, 
although less so than in the Bears. 

The distal end of the tibia of probably 0. morsitancs exhibits the 
ungrooved astragalar surface of the other Oxycenidte, with abruptly pro­
jecting intern~l malleolus. Its border is less regular than in the genera 
described. The outer extremity is not truncate, but gives rise ·to a longitu­
dinal external ridge of the lower part of the shaft, and there is a tuberosity 
on the posterior and one on the inner aspect of the lower extremity. The 
post~rior as well as the anterior astragalar border is angulate at the base of 
the malleolar process. Th~ ligamentous grooves are shallow. I have no 
astragalus of this genus, but the proximal part of a calcaneum displays the 
usual two astragalar facets. It is rmnarkable for the obliquity of the facet 
for the cuboid, which presents upward as well as forward (when i~ the· 
supine position). The calcaneum is wide, especially in its postero-inferior 
face, and the posterior free portion is narrow and oblique, indicating a plan­
tigrade habit. Its flatness exceeds that in Ursus arctos, and the expanse of 
the anterior portion is similar to that genus, while greater than in Canis and 
Felis. The obliquity of the cuboid facet is not seen in. either of the recent 
genera named. Numerous phalanges have been obtained, but none of 
them nngueal. They are dep!essed, with their distal articular facets slightly 

7 G R 
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enuuginate. None of them present the triangular section characteristic of 

n1any recent Carnivora. Their proportions are not different from those seen 
in the Ursus arctos. 

But few vertebrre have been preserved: those of the tail indicate that 
that member was of full proportions. 

This genus resembles Pterodon, as described and figured by Gervais, in 
the dentition of the maxillary bone; but the teeth of the lower ja'v are ·totally 
distinct in character, approaching more nearly those of the Palmonyctis of 
De Blain ville. According to Gervais,* the inferior molars of Pterodon are 
like those of Hycenodon, without interior tubercle, and the inner lobes of the 
superior molars are not so large as in Oxycena. The latter differs from Pa­
laonyctis in the character of the antepenultimate lower molar, which, in 
Oxyana, is characterized by the presence of a median blade, but, in Palreo­
nyctis, by a heel supporting (in the typical species) two tubercles. 

The Oxyrenas were the most abundant of the Eocene Carnivora, esti­
mating them by the relative frequency of occurrence of their remains. 
There 'vere at least three species, which ranged from the size of a Ten~ier­
dog ( 0. 1norsitans) to that of a Jaguar ( 0. forcipata). They are of robust 
structure, and resemble Synoplotherium in the anterior production of their 

canine teeth, which are so closely approximated as to exclude the incisors 
altogether. Specimens obtained include the dentition of both jaws and 

bones of tho skeleton. The phalanges have the same flattened form seen 
in the flat-clawed genera discovered in W yon1ing, but I have not been so 

"' fortunate as to obtain those of the ungues. 

Oxyaena morsitans, Cope. 

Plate xxxiv, figs. 1-l:t 

Report Vert. Foss. New 1\fexico, U.S. Geog. Survs. W. of lOOth M., 1874, p. 12; Id. 
Ann. Report U.S. Geog. Survs. W. of lOOtb l\'I., 1874, p. 124. 

ThiA, the smallest species of the genus, is represented by parts of the 
Akeletons of three individuals, while others in the collection probably belong 
to it. The original description was based on a series of inferior molars, 
found in association by myself, but not attached to the ja,v. A second 
specunen includes a portion of the jaw with the last three molars,. and :a 

""Paleontologic tra119aise. 
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considerable number of fragments of bones of the skeleton. The third 
includes a nun1ber of superior molars of both sides of the skull. 

The posterior true lower molar is larger than the penultimate. Its heel 
is very sn1all, and has its border elevated all round; the inner tubercle only 

n1arks about half the elevation of the outer, which is also considerably more 

elongate than the anterior. At the point of junction of the last-na1ned cusps, 

there is a fissure which completes the sectorial effectiveness of their blad.e­
like opposed edges. There is no cingulum except a trace at the antero­

external base. There is·a well-marked tubercle at the anterior base of the 
anterior cusp. The penultimate molar is distinguished by the larger heel 
and smaller median cusp. The inner border of the heel is elevated and 
acute; the inner tubercle marks more than half the external cusp. There 
are no cingula, and no subordinate tubercles. The last premolar has the 
usual anterior cusp and posterior heel, with median cutting-ed~e. A cingn­
lun1 descends from the postero-superior angle of the latter to near the base 
of the large cusp ; there are no other cingula. rrhe canine is a compressed 
oval in section. The enamel on all the teeth is rugose, except where 

smoothed by attrition. 
Measurements. 

M. 
Length of the base of the crown of the sectorial tooth........ . . . . . . . . . . 0. 014 
"Vidth of the base of the crown of the sectorial tooth ....................... ~ 0. oon 
Elevation of the principal cusps . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 0. 015 
Elevation of the inner posterior cusps... . . . . . .. . . . ; ..............• : . . . . . 0. 007 
Length of the basis of the penultimate molar . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 012 
Width of f,be basis of the penultimate molar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 0. 007 
Length of the heel of the penultimate mo1ar...... .. . . . . . . . . . .. . . . . . . . . . . . . . . 0. 005 
Elevation of the principal cusps . ~ ......... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 011 
Elevation·of the anterior cusps...... .. . . . . . . . . . . . . . . . .. . . . . . . . . . . • . . . . . . . 0. 006 
Long diameter of the canine at the base........ . . . . .. . . . . . . . . . . . . . . . . . . . . . . 0 .018 

The last n1olar of the second specimen mentioned differs from the type 
in wanting the ·antei-ior basal tubercle ; the heel is also a little larger. The 
last premolar has a tubercle at the anterioi· base of the principal cusp. The 
humerus is distinguished by the antero-posteriorly-compressed forn1 of the 
proximal part of the shaft, caused by the strong projecting ridge which 
descends from the antero-exterior border of the greater tuberosity. 'rhe 

posterior face is a flat plane bounded by two longitudinal angles, the outer 
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and more prominent being a continuation of the posterior projection of the 
lesser tuberosity. There is no internal bicipital ridge. The glenoid cavity 

of the scapula is a wide oval. 

1llcasurements. 

J.;ength of the bases of the two inferior true molars . . . . . . . . . ....... 4 • • •• 

Length of the base of the last true molar ................................. . 
Blevation of the anterior cusp of the last molar.... . . . .................. . 
Depth of the ramm~ at the penultimate molar ............................ . 
Length of the crown of the last premolar ................................. . 
'Vidth of the same ... ·~ ................................................. . 
Diameter of the head of the hum~rns across botl.J tuberosities... .. ....... . 
Diameter of the shaft of the humerus below the tuberosities (trans\'erse) .... . 
Diameter of the 8ame (antero-posterior). . . . . .............•............... 
Width of the proximal end of the femur. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 
JJiarneter of the bail ......... · ........................................... . 
1~ntero-posterior diameter at tl.Je little trochantoc ........... · .............. . 
Least diameter of Ute glenoid fossa of the scapula .......... -~ ......••..... 

l\:1. 
0.026 
0.014 
0.0085 
0.034 
0.014 
0.0076 
0.031 
0.0135 
0.0215 
0.040 
0.018 
0.0125 
O.Oli 

The superior 1nolar teeth of the third specimen are accompanied by an 
inferior molar of the same character as that of the type, and I suspect that 
they belong to the 0. tnorsitans. The three molars preceding the las·t one 
occupy nearly the same length as the two corresponding posterior ·molars 
in the 0. lupina. The structural differences between the teeth of the two 
species are, the greater prominence of the internal heel of the third pre­

molar in 0. rnorsitans and the greater length of the posterior blade of the 
penultimate :{ll.Olar in 0. lupina.* There is a weak external basal cingulutn 
in 0. morsitans, and the two triangular molars have each a small anterior 
tubercle. The penultimate molar has, besides the low cusp of the inner 
heel, a strong internal cingulum, and a s1nall tubercle on each bor~er at the 
inner base of the central cusps. The enamel is strongly but delicately 
wrinkled. 

:Jfeasurements. 
M. 

l.Jength of the bases of the three triangular molars.... . . . . . . . . . . . . . . . . . . . . . 0. 0385 
Length of the bases of the la~t triangular molar . . .....•............ ·. . . . . . 0. 0143 
"Vidth of the sarne.. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • • . . . . . . . . . 0. 0114 
W1dth of the bases of the second triangular molar . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Length of the bases of the second triangular molar . . . . . . . . . ....... 4 • • • • • • 0. 0137 
Leugth of the bases of the fourth inferior molar . . . . . . . . .. . . . . . . . . . . . . . . . . . . 0. 012 

"Compare Plato xxxiv, fig. 10, with figs. 14a and lGa of the same plato. · 
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A fourth specimen includes portions of almost all parts of the skeleton, 
including a few teeth, whose proportions refer them to this species. rrhe 

· crown of the canine is long and acute, and the enamel is rugose, 'vith deli­
.cate reticulations and longitudinal grooves. The zygomas are strongly 
eonvex, and the prominent borders of the glenoid cavities are of equal 
development. The caudal vertebrre are large and elongate. The inferior 
extreinity of the tibia has been already described in its more important 
features. The shaft is subround in section, the outer n1argin produced by 
the presence of two longitudinal ridges of the outer side, one of which 
extends to the lower extremity ; the other lying close to it disappears above 
that point. 

Measurements. 

Length (transverse) of the glenoid cavity ................................ . 
Length of the caudal vertebra ..........................•................ 
Diameter of the end of the centrum of t.he caudal vertebra ..•...•.......... 
Diameter of the shaft of the tibia ....................................... . 
Diameter of the astragalar face (transverse) ...........................•... 
Diameter of the astragalar face (antero-posterior) ....................... ~-. 

T!1is Carnivore was about th~ size of tho Coyote (Canis latrans). 

Oxyrena lupina, Cope. 

Plates xxxiv, figs. 14-87, and xxxv, figs. 1-4. 

l\1. 
0.03L 
0.0285 
0.012 
0.014 
0.022 
0.015 

Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of lOOth M., 1874, p. 11; Id. 
Ann. Report U. S. Geog. Sun·s. W. of 100th 1\I., 1874, p. 123. 

I refer to this species five individuals, all including more· or less com­
pletely preserved dentition, and some of them embracing portions of the 

~ 

limbs and vertebrre. 
These specimens are all intermediate in size between those referred 

to the 0. morsitans and the 0. forcipata, and are readily distinguished by that 
test from those species. They differ among themselves in the relative 
development of the internal heel of the third superior premolar; in some, this 
heel is well marked;. in others, quite rudimental. The inferior sectolials of 
the individual regarded as typical of the species differ from the correspond­
ing ones of the 0. forcipata in the relatively smaller size of the interior 
tubercle; it is very insignificant in the 0. lupina, and does not reach the 
elevation of the line of the anterior cusp, w bile in the larger species the 
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two cusps have the same elevation, and the interior is separated fro1n tl10 
external by a fissure. Ilow far this character will define large series of 
specin1ens, I have no means of knowing; but it is constant in four of the 0. 
forcipata. 

The typical specimen of the 0. lupina includes part of the dentition of 
both jaws, with bones of the cranium, limbs, and vertebrre in a fragmentary 
condition. The fourth and fifth superior molars have well-developed anterior 
tubercles and elongate posterior blades; the internal heel of the fourth is 
largo, much exceeding that of the fifth, and there are no intermediate tuber­
cles: both have a ·weak internal basal cingulum. There is a weak external 

basal cingulum on both. The third premolar has no ant~rior basal tubercle 
in this or any of the other specimens, but the heel has a n1edian cutting­
edge p.early as long as the long diameter of the large compressed ~edian 
cusp. There are faint cingula on both bases of the crow~. In a more 
anterior premolar, the posterior blade is reduced ·to a trenchant cusp, and 
the principal cusp has low cutting-edges. Its external face is convex; tl1e 

internal, concave in the longitudinal direction. The crown of one of the 
small1nedian incisors is larger in antero-posterior than transverse diameter, 

and contracts to a short subconic apex. 
The posterior lower molars have a small heel, one border of which 

forms a cutting-edge higher than the other; the anterior cusp is much less 
elevated than the external median, and is obtuse and without basal tuberCle 
in front. It differs in this respect fro1n the three specimens of 0. forcipata, 
where the ~orresponding part of the tooth is preserved. In these, the anterior 
n1argin of the anterior cusp is an acute edge, with a subacute lobe at the 
base. The canine is a vertical oval in section at the base of the crown, 
and the onan1el extends much farther downward on the external than the 
internal face, as in other species of the genus. The enamel of the teeth is 
rugose with impressed punctre, which are least lllarked on the penultimate 
superior molar. 

A caudal ve1iebra of the same animal, without neural arch, is of full 
relative size, and quito slender in form, indicating a long tail for the species. 
A wide saucer-shaped hone, resembling the navicular of a Bear in forn1, is 
wider than that of Canis aud l~~clis: it is thiu and concavo-convex. Oue 
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border is concavely emRrginate, with a small tuberosity. Its convex face is 
smooth, with a slight interruption, and is undivided. Another bone resem­
bling that which I described as cuneiform in Synopolotheriu1n lanius is 
deficient in one end. One side presents a concave facet, the other two 
parallel concave facets separated by a ridge. The precise· reference ~nd 
relation of these two bones are rendered somewhat obscure by their inconl­
pleteness. Portions of three metapodial bones are relatively of small size, 
and have the proxiinal articular faces slightly concave in an antero-posterior 
direction. The shafts are cylindric, and the distal articular condyle slightly 
oblique, with strong lateral ligamentous fossre, and small inferior keel. A 

proximal phalange is of appropriate size: it is everywhere flat, and is 
widened at the proximal end by lateral tuberosities. ~,be distal end is con-· 
tracted, and the articular face angularly concave below:. The tendinous 
insertions are a pair of longitudinal tuberosities. The patellre, as well as 
the bones of the feet, are small in proportion to the size of the teeth, 
indicating small limbs and feet. The patella is stout, and has the inner face 
moderately convex in transverse· section . 

.J.ll.easurements. 
::M. 

Length of the crown of the penultimate superior molar.. . . . . . . . . . . . . . . . . . . 0. 018 
Width of the same .. ~..... . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • • . . . • . . . . • • . . 0. 013 
Length of the postP.rior blade of the ·same .............. ~. . . . . . . • • . . . . . . . . . 0. 009 
Elevation of the cusps of the same .......... _............................. 0. 011 
Length of the crown of the antepenultimate molar.... . . .. . . . . . . . . . . . • . . . . . . . 0. 018 
Width of the same ............ _ .................•...... ~.... . . . . . . . . . . . . 0. 015 
Leng.th of the posterior blade of the same................... . . • . .. . . . . • . . . . 0. 006 
Elevation of the median cuRp of the same ....................... , ... . . . .. .. . 0. 012 
Length of the ·crown of. the third premolar . . .. • . . . .. • .. .. . . . • . .. • . .. .. • . . . 0. 017 
Width of the same ............... _ ..•............•....•................ _ 0. 009 
Length of the ·po~:;terior blade of the same .. .. . • • • . .. . . .. • .. .. . . .. . . . . . . . . . 0. 005 
Elevation of the median cusp of the same................................. 0. 011 
Length of the base of the last inferior molar. .. . . • . . . . . . . . • . . • • . . .. .. .. • . . . 0. 017 
Length of the heel of the same • . . . . .. .. . . . . .. . . . . . . .. . . . . . . . . . • .. . . • • • .. • 0. 005 
Width of the base of the same ........................................ :. . . .. . 0. 0()9 
Elevation of the median cusp of the same ............. ·................ .. . . 0. 012 
Elevation of the anterior cusp of the same . . . . . . . . .. . . . . . . .. • .. .. . . .. . .. • . 0. 008 
Diameter of t.he base of the crown of the canine . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 014 
Width of the patella.... . . . . . .. .. . • . • .. .. . . .. .. . . . . . . . . . . . . . . .. . . .. .. • .. 0. 014 
Long diameter of the bead of the metapodial boue:....... . . . . . . . . . . . . • . . . . . 0. 010 
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LP-ngth of a proximal phalange . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . • . . . • . . • . . . 0. 015 
Vertical diameter of the proximal end of the same ........ ~... .. . . . . . . . . . . . . 0. 005 
J;ength of a caudal vertebra ....•................. ~. . . . . . . . • • . • • • . . . . . . . . . 0. 026 
Diameter of the extremity of the same . .. . .. . . . . . . .. . . . . . . . . . • .. . . . . .. .. .. 0. 010 

The pieces above described were all found together and alone, where they· 
had weathered from the rock, and without apparent intermixture of other 
individuals. Accompanying them is the olecranon and adjacent portion of 
an ulna of such small size that I hesitate to refer it to the same. species. It 
may pertain to it however, and, if so, indicates a reduction in the size of 

the fore limb still greater than that observed to characterize the hind 
lin1b. The end of the olecranon is subvertically truncate and compressed, 
and vertically grooved: its depth, om.012; length, 0JD.012; depth of ulna 
at the glenoi'd mnargination, om.oos .. 

The second specimen, of the same size as the preceding, presents nearly 
all the teeth, except the last two inferior molars, so that some specific charac­
ters cannot be verified on it. The remainder of the fragments are all cranial. 
The superior molars are a little smaller than those of the typical specimen, 
but resemble them closely, except in the rather larger 'inner tubercle of the 
third premolar. The posterior transverse molars of both sides are partially 
preserved, exhibiting an external blade, a median cusp, and a small lobe of 
the blade between them. Of the inferior pren1olars, only the fourth possesses 
an anterior basal tubercle; the second, besides the posterior lobe, possesses 
a posterior basal tubercle. The enamel is rugulose~ There is a weak 
cingulum on the outer base of the true molars, and a sin1ilar one at the 
exterior base of the posterior lobe of the premolars. The foramen infra­
orbitale exterius is of medium size, and issues above the third premolar. The 
n1ental foramina are two: one belo'v the first. premr lar; the other below the 
posterior margin of the third premolar. 

The mandibular rannts is deeper than in Dogs and Cats, and more 
compressed. The inferior border is but little thickened, and is gently convex 
downward below the posterior molars.· The masseteric fossa is well defined 
anteriorly, but not inferiorly, and the coronoid process is elevated and thin. 
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. Measurements. 
M 

Length of t.be inferior molar series . . . . . . . . . • .. . • . . . . . . . . . . . • • . . . • . . . . . . . . . . 0. 0725 
Length of the inferior premolar series. . . . . . . ..... ". . . . . . . . . • • . . . . . . . . . . . . . 0. 0430 
Depth of the ramus at the third premolar ....... · .......... ~ . . . . • ... . . . . . . . . . 0. 0275 
Width of the ramus below the third premolar.... • . . . . . . . . . . . . . . . . . . .. . . . . . . 0. 0120 
Dept,h of the ramus at the last molar .........•................. · •.......... 0. 0335 
'l'bickness of the coronoid process at the base.... . . • . . . . . . • . • . . . . . . . . • . . . . . 0. 0120. 

' J.Jength of the four po . ..;terior superior molars • . . . . . . . . . . .. • . . . . . . . . . . . . . . . . . . 0. 055 
Length of the first true molar ......................•......•..• ~ . . . . • . . . . . 0. 0 1(; 

Width of the first true molar ...... _. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 0. 015 · 
Length of the second true molar ............................... ~. . . .. . . . . . . • 0. 016 
"\Vidth of the third (transverse)· molar ..................................... 0. 018 
Length of the fh·e anterior inferior molars .............. , . . . . . . . . . • . . . . . . . . 0. 054 
Long diameter of the base of the inferior canine. . . . . . . . . . .. . . . . . . . . • . . . . • . . . 0. 015 

Portions of both maxillary bones, with teeth of a third individual, add 
some characters. From it we learn that the first superior premolar is one­
rooted; that the second has a short posterior basal tubercle and a weak 
basal cingulum in front. 

·A third individual is represented by a portion of the ramus mandibuli 
supporting the premolars, by the first true molar separate, and by· other 

pieces. This specimen I formerly alluded to as belonging to the 0. morsitans 
(Report on Vert. Foss. New }Iexico, p. 13). The first, single-rooted pre­
molar is absent, perhaps abnormally, as there are no othe~ marked characters. ' 
The posterior mental foramen is below the anterior part of the fourth pre­
molar. Depth of ralnUS at posterior border of symphysis, om.027; thick-. . 
ness at the same point, om.01~; depth of ramus at posterior ·border of fourth 
premolar, om.028. 

A fifth individual is represented by a portion--of the mandible support­
ing two molars. 

Oxyrena forcipata, Cope. 

Plate xxxv, figs. 7-12; Plate xxxvi; Plate xxxvii, figs. 1-5. 

Report Vert. Foss. New .Mexico, U.S. Geog. Survs. W. of tOOth M., 1874, p. 12; Id. 
Ann. Report U.S. Geog. Survs. W. of tOOth M.; 1874, p. 124. 

This, the largest species· of the genus, is represented in five individuals, 
chiefly by eranial fragments. The type of my first desc.ription etnbraces, 
among other parts, both mandibular rami with most of the teeth, with some 
of those of the maxillary series. 



106 CHEODONTA.. 

rrhe rami are stout, with well-defined 1nasseteric fossa and masseteric 

ridge. The anterior extremity rises in a regular open curve with the canine 
teeth, which are directed strongly upward as well as forward. The inferior 
border is thickened, and somewhat flattened, narrowing posteriorly, and 
bounding a longitudinal shallow concavity belo·w the premolar teeth. The 
inner alveolar border is not protuberant. One mental foramen is below the 
first, the other below the fourth pren1olar. The first one-rooted pren1olar 
is a stout tooth; there is no anterior basal tubercle on the second and third 
premolars, but a distinct on~ on the fourth. 'l,here is a small con1pressed 
tubercle at the base of the anterior lobe of the last or seeond sectorial 
molar, which is acute in front as well as behind. This tooth is larger than 
the penultimate. The. enamel of all the teeth is quite rugose, although they 

are well 'vorn by use. 
The premaxillary bone displays the two very small median and large 

exterior pre~naxillary teeth. The superior parietal walls are a three-sided 
mass of bone, of extraordinary thickness, excavated in front by the large 
cells of the frontal sinus. The sagittal crest is much elevated, and the 
external surface slightly concave at its base. 

~Measurements. 
1\L 

Length of the inferior dental series ......... ~.. . . . . . . . .. . . . . • .. . .. . . . . . . . . . . 0. 103 
Depth of tlle ramus at the last molar.. . . . . • . . . . .. . . . . . .. • . . . . . . . .. . . . . . . . . 0. 040 
Depth of the ramus at the second premolar...... . . . . . . . . . .. . . . . . . . . . . . . . . 0. 030 
Diameter of the canine tooth ........................... ~ ............ ·. . . . . 0. 019 
Length of the premolar series ... ~ ..................•. ~..... . . . . . . . . .. . . . . . 0. 035 
Length of the base of the penultimate molar .................. L •• • • • • • • • • • • • 0. 016 
Length of the base of the la~t molar . • . . . . . . . . . . ... . . . • . . . . . . . . .. . . .. . . . . .. 0. 019 
Width of the base of the last molar...... . . . . . . . . . . . .. .. . . . . . . . . • . . . . . . . . 0. 012 
Elevation of the crown of the last molar.. . . . . . . . .. . . . . . . . . . . . .. . . . . . • . . . . . 0. 019 
Width of the penultimate superior molar ...... _..... . . . . . . . .. . . . . . . . .. . . .. • . 0. 017 
"\-Vidth of the sagittal muss of the cranium. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 024 

.Dept,b to the base of the crest ............................ u. o..... . . . . . . . . 0. 015 

A second specimen includes inferior molars and canines. The former 
display typical characters·; the latter have very stout roots and curved, 
regularly acuminate crowns. The apex is quite acute, and a band is worn 
through the enamel by the friction of the superior canine, commencing on 
tho upper sido of tho apex and extending to tho ::;upero-external ::;ide of the 
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base of the crown. The enamel border is deeply emarginate at the base 
on the inn~r side, as in the other species. ~he enamel surface is rugulose 
on all the teeth, and on the canines the rugosities are thrown into longitu­
dinal shallow grooves. 

Measurements. 
M. 

Length of the base of the last inferior molar. . • . . . . . . . . . . . .. . . . . • . . . . . . . . . . . 0. 021 
Length of the heel of the last inferior molar . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 007 
Width of the base of the last inferior molar...... . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 011 
Elevation of the intrrior cusp of the same .................. ~ . . . . • . . . . . . . . 0. 017 
Elevation of the exterior cusp of the same. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 0. 012 
Elevation of the anterior cusp of the same............ . . . . . . . . . . • . . . . . . . . . . 0. 012 

A third specimen presents many fragments of the cranium,' including 
son1e molars in place in the mandible. The frontal bone is concave in 
transverse section, and i~s posterior part is deeply grooved as it rises to the 
base of the crista sagittalis, where its posterior suture forms a median acute 
angle directed backward. The sides of the base of the sagittal crest are 

·slightly concave. The malar bone is especially thick belo·w the postor­
bital process. The pren1axillary presents a marked but open groove in front 

of the canine, and the lateral asce~ding portion is narrow antero-posteri­
orly and transversely. The mandibular ramus displays a large and deep 
masseteric fossa, with a well-defined inferior border. · The inferior border 
of the jaw at the angle is slightly incurved. 

The interior surface of the frontal and parietal bones is represented on 
Plate XXXV, fig. 7. The frontal sinuses are of large size, expanding out­
ward and backward above the outer portion of the olfactory lobes of the 
brain. The ~ostero-intornal border of each is marked. by six longitudinal 
fossre. Enough of the surface of the brain-cavity remains to.enable n1e to 
determine a number of important peculiarities in the form of the brain. 
A cast of this surface .is represented on Plate L~III, fig. 5. From 
this it appears that the olfactory lobes were disproportionately large, 
and the hemispheres disproportionately small. The former are greatly 
expanded outward and upward; the latter were narrowed and depressed 
in front, and give no indication of overhanging even the bases of the 
olfactory peduncles, as is observed in the lowest existing Mammals. The 
olfactory lobes appear, on the contrary, to be continuous with the anterior 
extren1ity of the hen1ispheres, as in .A.rctocfjon and in Reptiles. The rib, 
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representing the superior longitudinal sinus, is distinct, and of equal width; 
there are no grooves distinguishing convolutions on that part of the surface 
of the hemispheres 'vhich can be obtained by n1oulding. The posterior 
part of the hemispheres does not appear to have been expanded, judging 
fron1 the form of the parietal bones. 

The sixth specimen is referred to this species with question, as the 
penultimate inferior ·molar (the only tooth preserved) is larger than the 
corresponding one in those above mentioned; the length of its base is 0m.01 H, 

and the width om.uo9. It is accompanied by various fragments, an1ong 
which is the distal extremity of the tibia. This resembles that ascribed to 
the 0. m.orsitans, and differs fron1 that of Ambloctonus. and Stypolopltus in thQ 
presence of a subacute longitudinal angle of the extero-posterior margin of 
t.he shaft, giving the section an acuminate outline at that point. The 
internal malleolus is greatly produced and thickened, and the posterior 
astragalar border is even more ·oblique than in the other cases described; a 
portion of the anterior border is subhorizontal. ~he posterior face of the 
shaft is longitudinally concave. Long dia1neter of shaft, om.Ol6; short 
diameter of the same, cm.o 12; diameters of astragalar face, om.018 and om.015. 

This animal differs in specific characters from the Wyoming Carnivores, 
already referred to, in the greater robustness of all its parts. From Syno­
plotherium lanius, it also differs in· the regular increase backward in the size 
of the molars. In the Wyoming species, the penultimate is largest in the 
lower jaw. · 

The fragments of the Oxyana forcipata are as large as corresponding 
parts of the Jaguar. · 

A comparison of the cranium of this species with that of the Jaguar 
reveals the following differences: rrhe tooth-line of the lower ja'v is of the 
same length, but includes six teeth instead of three. The ran1us is deeper, 
especially posteriorly, but it gradually narrows to the canine tooth instead 
of continuing nearly horizontal to the beginning of the symphysis, a!ld then 
abruptly rising. The latter arrangement in the Jaguar is related to the more 
vertical direction of the canine teeth. . The Bear is a little nearer the Oxyana 
in this respect, but not tnuch. The produced inferior border of the masse­
teric fossa of the Cats is wanting in the Oxyana, as it is in the Dogs and 
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Bears. The zygoma and glenoid cavity are similar in size and other fea­
tures to those of the Jaguar, but are 1nuch thicker and more robust in the 
Oxycen.a. E~peciall y is the brain-case sn1aller and narrower, while the supe­
rior osseous walls are much thicker, and the sagittal crest more elevated 

than in the Jaguar. The frontal region is concave in transverse section in 

the Oxycena, convex in the Jaguar. 

STYPOLOPHUS, Cope. 

S:ypolophus, Cope, Second Account New Vertebrata Bridger Eocene (Paleontological 
Bulletin No. 2), p. 1, Aug. 3, 1872; Proc. Amer. Philos. Soc., 1872, p. 466; 
Ann. Rept. U. S. Geol. Surv. Tcrrs., 1872, p. 559. 

?Prototornus, Cope, Ueport Vert. Foss. New M~xico, 1874, p. 13; Id. Ann. Heport U. 
S. Geog. Survs. W. of tOOth 1\f., 1874, p. 125; System. Oat. Vert. Eocene New 
Mexico, U.S. Geog. Survs. W. of lOOth M., 1875, p. 9. 

Molars seven below, -i. e., four premolars and three true n1olars, and 
probably the same nun1ber above. Inferior true molars consisting of three 

elevated cusps in front, and a low horizontally-expanded heel behind; the 
external cusp largest, the internal smallest, and the anterior intermediate, 
forming with the external a short sectorial blade. The inferior premolars, 
two-rooted (the first only seen in 8. hians); the crown consisting of a coni-

. pressed .cusp and short trenchant heel. Of the superior molars, the last is 
narro·w, transverse, arid with a blade-like crown. The two preceding have 
crowns fornling light-angled triangles in horizontal section, the right angle 
being the antero-external. 'rhe antero-posterior cutting-edge consists of two 
cusps in the middle, and a short blade at the· posterior angle of the crown. 
The internal angle supports a cusp. The last premolar has a trilobate sec­
tion at the base, and supports. a median subconic cusp, a short posterior 
blade, and an internal tuhercle. The secon4 premolar is c~mpressed, with­
out internal heel, and with a rudimental posterior one. The first premolar 
is two-rooted in 8. hians. 

The species ,of Stypolophus of which I obtained the best preserved 
remains is the 8. viverrinus, an animal about the size of the domestic cat. 
Its mandibular bones and teeth are unkno,vn, but I have derived from it the 
characters of the dentition of the 1naxillary bone, as .above stated. The 
maxillary teeth of. the S. rnulticuspis are similar in generic characters, and 
of this species· I know almost the entire dentition of the lower jaw. 

The posterior part of the craniun1 of. 8. vive·rrinus displays a low sagittal 
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crest. The supraoccipital bone has a moderate extent on the upper surface 

of the craniun1, supporting part of the sagittal crest, as well as the pronli­
nent oblique ones of the inion. The front is rather wide, and the nasal 

bones are flat, and but little narrowed. posteriorly. The lachrymal foramen 
is large, and entirely within the prominent anterior margin of the orbit; it 
is of a vertically oval form. A suture extend~ from it postero-externally to 
the rim of the orbit, and then returns forward and upward on the facial 
surface, inclosing what I suppose to be the lachrymal bone. On cleaning 
the surface, I cannot trace any lachrymal bone posterior to the foramen, as 
is usual in Carnivora (Canis, Felis), and must therefore suppose that this 
genus presents an external and anteriot: position of the ~achrymal bone, as 
in Ungulates. The evidence of this arrangement is seen on both sides of 
the head. The foramen infraorbitale exterius is large, and issues above the 
third premolar. 

The characters presented by the vertebrre are those of the Creodonta in 
general, with the following modifications: A cervical is of medium length, 
possesses a hypapophysial keel, which is produced downward behind, and 
has but little trace of a neural spine. 'rhe neural arch is wide and flat above, 
and it is pierced on each side by a foramen not far fron1 the lateral border. 
Two anterior lumbars, from just behind the flying ribs, have no diapo­
physes unless a small, narrow, broken area indicates the base of a very rudi­
niental one. This is at the anterior end of a strong longitudinal ridge, 
which marks the inferior part of the side of the centrum. The metapophyses 
are strong, inclosing the anterior zygapophyses of the succeeding vertebra 
on the lower side. In Ursus arctos, Canis familiaris, and Felis catus, there 
is no vertebra intervening between the last bearing a rib and the first bear­
ing a diapophysis. In Ursus arctos, the centra are short, and the diapoph­

ysis occupies an elevated positiop.. In Stypolopkus viverrinus, the centrum 
is moderately elongate, and the ridge representing the diapophysis has an 
inferior position, resembling rather Canis and Felis in these particulars. A 
portion of the sac:nm preserved shows it to have been of robust propor­
tions. Besides the superior intervertebral foramina, there is a small one 
each side of the neural arch in front of the posterior zygapophysial ridge. 
A caudal vertebra is relatively large in all its dhnensions. 
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A fragment of the femur shows that both the great and little trochanters 
are well developed, the former inclosing the usual fossa. The distal halves 
of both tibire are preserved, one of them adhering to a mass of the vertebrre. 
The shaft belo·w tpe n1iddle is subcylindric, while the distal end presents 

the peculiarity common to all the flesh-eaters of the Eocene of New 1\fexico. 
The astragalar surface is without groove, and is oblique both transversely 
and longitudinally. The inner extremity of the bone is produced down­

ward, fitting the inner oblique face of the astragalus, as well as the con­
cavity of the side ·of the neck by its end. There are no strong ligamentous 
grooves. The bones of the feet are unknown. 

A cotnparison of such portions of the limb-bones as I have observed 
(those of 8. viverrinus) with those of Felis catus ( domesticus ), Canis fami­

liaris, and Ursus arctos, has the following result: In the humerus, the 
tuberositie-s are not so pronounced;. especially is the great tuberosity more 
produced upward and outward in the recent genera, whence the bicipital 
groove is deeper. In Ursus arctos, the greater tuberosity is also produced 
more posteriorly, and in all of the species named its posterior bouU:ding 

ridge is ~ore pronounced on the shaft than in P. viverrinus. The great 
trochanter of the femur has the elevated position of that of Felis and Canis 

rather than the depressed form of that of Ursns, and. the compressed and 
1noderately elevated distal end is that of the former two rather than like 
tl1e same region in the latter genus. The distal end of the tibia is unlike 
that of either of the three genera named, but resembles most that of Ursus. 

The entirely distinct character of the astragalar articular extremity has 
been already described. The anterior end of the shaft is convex in 
8. viverrinus, flat in Felis and Canis; flat behind in the former, convex in 
the latter. The external end of the shaft is transverse in 8. viverrinus, 

oblique in Canis and Felis, especially so in the former, being more or less 
parallel with the inner astragalar groove, while in 8. viverrinus it ·diverges 

from the angle which represents the groove. The tendinous groove i's 
wider and better defined than in C. familiaris, more resembling that in Felis. 

The inner malleolus is more anterior in position than in ·the two genera 
nan1ed, and bears a distal articular facet, which is wanting in Felis and 
Canis. As compared with Ur~us arctos, the inner malleolus is . more pro-
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duced, and the outer distal border quite different; the truncate outline of 
Stypoloph~tS being represented by a tuberosity. rrhe anterior face of the 
shaft is convex in Stypolophtts, concave in Ursus arctos; the posterior flat in 
the former, convex in the latter. The entire distal end of the tibia is more 
transversely expanded in Ursus. 

This genus, as now defined, is identical with that called by me, in 

previous papers on the paleontology of New J\1exico, Prototomus. It nuty 
be found to be proper to use this name; but for the present I use an older 
on0, which I proposed for similar flesh-eaters of the Bridger Eocene of 
Wyoming. Unfortunately, I am not able to state the nutnber of the tuber­
cular sectorial molars of those animals, as my specimens only have the last 
two p.reserved. The structur~ of the separate molar teeth of both jaws is 
identical in the species from the two regions, and it is even possible that 
Prototomus multicuspis is identical with Stypolophus aculeatus, * Cope, which 
is an older name. 

The three tubercular sectorials in the lower jaw, and the two bicuspid 
molars in the upper, distinguish this genus from the allied Oxycena. 

Stypolophus. viverrinus, Cope. 

Plate xxxviii, figs. 1-11. 

Prototomus 1.1iverrinus, Cope, Report Vert. Foss. New Mexico, 1874, p. 13; Id. Ann. 
Heport U. S. Geog. Snrvs. W. of 100th M., 1874, p. 125; System. Cat. Vert. 
Eocene New Mexico, U. S. Geog. Survs. W. of lOOth 1\i., 1875, p. 9. 

This small Carnivore is represented in our collections by portions of 
the skeleton of a single individual. These embrace a cranium somewhat 

distorted by pressure, and with the nose broken off; vertebrre from all parts 
of the column'; parts of the humerus, femur, and tibire. 

Although abnormally depressed in the specimen, it is evident that the 
fronta~ region was wide, and the n1uzzle rather rapidly contracted. The 
foramen infraorbitale exterius is large, and issues above the third premolar. 
The molars are worn, indicating an adult animal. The first premolar is 
wanting in the specimen; the second is compressed, and 'vith the median 
cusp rath?r low; its base is produced anteriorly, but is without tubercle. 
The heel is elongate, trenchant, and recurved behind. The third and fourth 

• Triacodon aculea.tus, Cope, Proc. Amer. Philos. Soc., Ju1y, 1872. 
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premolars are destitute, or have but a trace, of external basal cingulun1. 
A narrow basal ledge connects the internal heel of the fourth with its anterior 
basal tubercle. There i~ an external basal cingulum on the first and second 
true n1olars, but none on the base of the internal heel. An angular tubercle 
'stands between that of the internal heel and the anterior one of the central 
pair, on the first and second true molars. r:l'he V -shaped shear which works 

against that of the antero-external side of the inferior tubercular sectorials 

is formed by the posterior of the two median c~:n1es and the short blade of 
the posterior external heel The last and transverse molar has a median cusp 
and small internal heel.· A fragment of a lower jaw of a small Matnrnal of 
similar size accompanied the cranium, which was supposed to belong to the 
same animal whe'u I first described this species. Additional specimens of 
other species of the genus have led me to the conclusion that this fragment 
belongs to a different genus, and was accidentally introduced among the 
remains of S. viverrin~ts. 

Measurements. 
M. 

Length of the last five molars...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0250 
Length of the true-molar series ........•............................... ~... 0. 0135 
Length of the last premolar...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 0060 
Width of the same. . . . . . . ..... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0050 
Length of the penultimate molar ..................... _ . . . ...... ~ ... _. . . . 0. 0050 
Width of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .. . . . . . . . . . . 0. 0068 
Width of the last molar .............................. '.. . . . . . . . . . . . . . . . . . . 0. 004 7 

· A cervical vertebra is not shortened, and the centrum is depressed 
and one-third longer than wide behind. The anterior lun1bars are less 
depressed, and the centra are 1narked below by a median protuberance in 
front, and an infero-lateral tuberosity on each side, causing the existence 
of a subtriangular, irregularly flattened area on the anterior two-thirds of 
the inferior surface. The superior face of the neural arch is grooved· above 
iri continuation of the emargination between the posterior zygapophyses. 
rrhe spine only rises from the position of a keel between the· anterior 
zygapophyses, where it has a small basis directed forward. A lumbar from 
a more posterior position has a median keel-like angle dividing the inferior 
aspect of the centr~m. On the sacrum, the neural spines and zygapophyses 
are indicated. by longitudinal and oblique 1·iclges. The centrun1 is depressed 
at the anterior extren1ity. The transverse processes are massive but not 

8GR 
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long. A caudal vertebra is of moderate length, indicating a 'veil-developed 
tail. It has large diapophyses, and a narrow 1nedian plane below, a little 
wider at the ends of the centrum. 

The head of the humerus has about equal transverse diameters; the 
condyle is slightly produced posteriorly, and then strongly recurved. 1,he 
greater tuberosity is not produced in any direction, and is flat on the outer 

side; the les~er tuberosity is rather protuberant, bounding a wide, shallow 
bicipital groove, which is not defined on the shaft. The great trochanter 
of the fetnur is slightly expanded transversely, and is connected with the 
head by the usual broad plate, inclosing with it a strong fossa. At the base 
of the little trochanter, the section of the shaft is oval, with the external 
end narrowed and the internal 'videned, as in that of the egg. The distal 
end of the fen1ur is somewhat compressed, with a moderately elevated patellar 
groove, with slightly unequal bounding ridges. The condyles diverge 
slightly, and are marked on the outer side ·with pit-like muscular insertions. 
The middle of the shaft of the tibia is cylindric. The distal end presents 
the peculiar character already observed, and noted under the head of the 

genus. The posterior face of the bo11:e is flat for the distal fourth, and is 
separated from the outer face by a longitudinal solid right angle. The 
anterior face is convex, and the horizontal border of the distal or astragaline 
surface forms a right angle with the produced malleolus of the inner side 
of the bone. The posterior margin of the astragaline surface is very 
different, being a straight diagonal, which crosses the plane of the anterior 
border at the angle just mentioned. The inner face of the distal part of 
the shaft is flattened-convex, and expands to the distal end of the n1alleolus. 
The inferior margin of the latter is oblique, the anterior margin being pro­
duced. A large shallow groove marks its posterior part, which is divided 
by a faint longitudinal ridge, indicating the positions of the tibialis 

posticus and flexor longus digitorum tendons. It is bounded by low ridges, 
the posterior bot1nding the plane posterior face of the shaft. 

M easurernents. 
M. 

Length of the centrum of a cervical vertebra. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0. 010 
Width of the same anteriorly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
Width of the same posteriorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
Depth of the same posteriorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 006 
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_Extreme width between the zygapophyses behind ..............••..•...... 
LeD:gth of the centrum of the anterior lumbar .. ~ ...............•.......... 
Width of the anterior articular face of the same...... . . . . . . . . . . ......... . 
Depth of the same .................. _ .................................... . 
Elevation to the base of the neural spine ................................ . 
Extreme width b~tween the posterior zygapophyses .................. ~ .... . 
Total width of the sacrum anteriorly ........................ · ............. . 
Width of the same between the interneural foramina ..................... . 
Total depth in front .................................................... . 
Depth of the centrum in front .... ·.... . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 
Length of a caudal vertebra ............................................. . 
Diameter of the centrum behind ......................................... . 
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0.015 
0.011 
0.009 
0.006 
0.011 
0.0075 
0.0250 
0.0084 
0.0120 
0.0072 
0.013 
0.007 

Greatest diameter of the head of the humerus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . o; 012 
Diameter of the shaft below the head... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 008 
Transverse diameter of the shaft of the femur at the little trochanter...... 0. 0126 
Trans\Terse diameter of the same just below the little trochanter............ 0. 0085 
Antero-posterior diameter of the distal end of the femur............ . . . . . . . 0. 014 
Width of the p_atellar groove . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . ... . . 0. 0055 
Diameter of the shaft of the tibia at the middle. . . . . . . . . . . . . . . .. . . . . . . . . . . . 0. 0055 
Diameter of the distal end (transverse)............. . . . . .. . . . . . . . . . . . . . . . . 0. 0095 
Diameter of t~e same (antero-posterior) . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .. 0. 0066 

The size of this Carnivore was iess than that of the domestic cat, and 

perhaps nearly that of the skunk. 

Stypolophus secundarius, Cope. 

Prototomus secundarius, Cope, System. Cat. Eocene New Mexico, U. S. Geog. Survs . 
. W. of lOOth M., 1875, p. 9. 

Represented by an incomplete mandibular ramus, which supports four 
molars. The penultimate has a well-developed heel, whose outer border is 
elevated and acute, and turned in, so as to approacli the middle of the 
crown. The fourth molar from behind has a heel with a symmetrically 
median cutting-blade. Enamel smooth. rrhe ramus indicates a species the 
size of an Opossum, and intermediate between the P. viverrinus and the 
P. multicuspis. 

JJ1. easurements. 
M. 

Length of the crowns of two anterior true molars . • . . . . . . . . . . . . . . . . . . . . . . . 0. 0150. 
Length of the penultimate molar.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oo 0075 
Width,·of' the same .. ~ ....................... w. • • • • • • • •• o •••••.••••• -... Oo 0033 
Depth of the ramus mandibuli at the penultimate molar ... o. o • • • • • • • • • • • • • Oo 0125 
Thickness of the same at the penultimate molar. . . . . . . . . . . • . • . . . . . . . . . . . . . 0. 0050 
Length of the crown of the third premolar. . . . . .. . . . . . . . . . • . . . . . . . . . . . . . . . 0. 0080 
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Stypolophus multicpspis, Cope. 

Plate xxxix, figs. 12-14. 

Prototom'lts multicuspis, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
vV. of 100th M., 1875, p. 10. 

Established on a series of superior molars, which accord so closely 
·with two series of inferior n1olars as to leave no room for doubt that they 

pertain to the same species. One of the latter specimens includes the 
greater part of the right ramus of the mandible; the other the principal 
part of both rarni. 

The superior molars are twice the size of those of 8. viverriwus, and 

have much the same structure. The last or transverse molar has less 
extent, and is inserted by one root only; the penultimate molar is wider 
than long; the antepenultimate longer than wide. There is a short blade 
in front of the double cone in the penultimate, but none iri front of the 
corresponding cones in the two molars which precede. The cingulum of 

the inner base is very obscure. 
In the true inferior molars, the three anterior cusps are n1uch elevated 

above the heel. The latter is quite elongate on all of these teeth, and 
forms a cutting-blade on the last premolar and anterior two _molars; the 
second fl,nd third premolars support a low, trenchant, posterior heel. No 
external cingulum ; enamel smooth. Rami of the mandible slender. 

Measurements. 
M. 

Length of the posterior four molars ........................... , . . . . . . . . . . 0. 0270 
Length of the penultimate molar. . . . . . . . . . . . . . . . . . . . . . ..... ~ . . . . . . . . . . . . 0. 0070 
Width of the same.......... . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . .. . . . . . . . . . . 0. 00!>0 
Width of the antepenultimate molar . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 0. 0070 
Width of the first molar ................................... 0 • • • • • • • • • • • • • • 0. GOGO 
J;ength of the same ................ 0 •••••••••••• _.. • • • • • • • • • • • • • • • • • • • • • 0. 0075 
Elevation of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0050 
Length of the last si.x inferior molars. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0. 0450 
Length of three true molars . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . 0. 0235 
Lrngth of the last true molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 00!>0 
Elevation of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0070 
Length of the second true molar......................................... 0. 0075 
Ele\Tation of the third premolar. A.. . . . . . . • . . .. . . . .. . . • • • • . . . . . . . . . . . . . . . . 0. 0035 
Depth of the ramus at the P.<multimate mo1ar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0015 

About the size of the Hod Fox. 
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Stypolophus strenuus, Cope. 

Plate xxxix, fig. 11. 

Prototomus strcnuus, Cope, System. Cat. Vert. Eocene New l\fexico, U.S. Geog. Survs. 
W. of lOOth M., 1875, p. 10. 

Both mandibular rami, with representatives of all the teeth. except the 
first premolar, form the basis of our knowledge of this Oreodont. The 
characteristic feature is the great robustness of the jaw, as compared with 
the species last described, as 'veil as tho so mew hat larger size. The third 
premolar has a cutting-edge and 'basal tubercle in front, which are wanting 
in the S. 1nulticuspis. The third and fourth premolars are stout teeth, com­
posed of a. large cusp. of lenticular section, and a trenchant heel. The 
fourth is thickene~ on the inner side, but the apex cann.ot be described, as 
it is broken away. .The penultimate 1nolar is larger than the last one, and 
its heel, like that of the preceding tooth, is well developed. The -first true 
molar is smaller than the second, and its cuspidate portion Rmaller than the 
corresponding parts of the last molar. The inferior canine is stout at the 
base and acute at the apex. The external face exhibits two shallow longi­

tudinal grooves, separated by a low convex rib. Enamel of all the teeth 
·smooth. 

Measurements.· 
M. 

Length of the last five molars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0375 
Length of the last premolar ........... ·...... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 0080 
Length of the first true molar . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 0. 0080 
Length of the second true molar .... ·- . . . . . . .. . . • . • . . . . . . . . . . . . . . . . . . . . . . . . 0. 0080 
Width of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0065 
Length of the last true molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . 0. 007 5 
Depth of the jaw at the last true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0210 
Depth of the jaw at the second premolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0175 
Thickness of the jaw at the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 00~0 
Length of the inferior canine ......................................... ~ . . . 0. 0123 
Long diameter of the same at the base . . . . . . . . . . . • ... . . . . . . . . . . . . . . . . . . . . 0. 0065 

The thickness of the mandibular bones is twice as great as that of the 
species last described. 

Other species forn1erly referred to this genus were subsequently placed 
in ..Apheliscus and Pelycodus respectively. 
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Stypolophus hians, Cope. 

Plate xxxviii, figs. 12-20. 

This species is represented by the greater part of the skeleton of one 
individual. , The bones are remarkable illustrations of the result of pressure 
·when in a plastic condition; their surfaces cracked in every direction, so 

that each one is a mosaic of pieces ; but in many instances the normal form 
of the bones is preserved. Under these circumstances, I have concluded to 
describe it, as the unusually complete skeleton throws much light on the 
structure of the genus, and as the largest species of the genus, it may be 
profitably compared with the 8. viverrinus, the smallest. 

The greater part of the skull with the n1andible is preserved, but the 
teeth are all broken off. There ,were, however, seven molars in the upper 
jaw, indicating that the species is not an Oxycena. The last two lower 1nolars 
are subequal, and the last superior molar is transverse. A character which 
distinguishes this species from the 8. strenuus, besides its superior size, is the 
diastmnata which separate the premolar teeth from each other in both jaws. 
These interspaces are as long as the long diameters of the teeth then1selves. 
The infmior margin of the mandibular ramus is thick and slightly ascending 

anteriorly, where it gives exit to a remarkably large canine tooth, one which 
exceeds in relative dimensions that of any other described in these pages. 
Its section is a vertical oval, flat on the inner face. The roots of the supe­
rior molars are as follows: First and second simply two-rooted. The third 
has the posterior root of double the usual width, its long diameter directed 

inward and forward, indicating the presence of a posterior or interior heel. 
The fourth pren1olar and first and second true n1olars subequally three­
rooted; third true molar transverse, only two roots visible. The diastema 
between the canine and the first premolar is in both jaws so extensive as to 
lead to the impression that a premolar exists, perhaps ·with a single root, as 

in Oxycena lupina, but no such root or alveolus is discoverable; whence the 
first premolar is two-rooted. The diasten1a following the latter is aln1ost 
equally great, but the third and fourth pmnolars are in juxtaposition. The 
foramen infraorbitale posterior is above the anterior part of the fourth pre­
tnolar. A character distinguishing this species from the S. viverrinus is seen 
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in the wide posterior part of the fourth premolar; in the latter, this tooth is 
narrow throughout. 

The posterior part of the cranium is preserved to a point a little behind 
the orbits. It is long and narrow, relatively even more so than in the 
Opossum, and is surmounted by an elevated sagittal crest throughout its 
length. The squamosal bone has a considerable extent upward and forward, 
but does not approach near the frontal, although the latter is extended 
downward and backward. This wide separation is characteristic of the 
Opossums r they approach nearer in Ursus, Canis, and Felis. 

lJieasurements. 

Length of the superior molar series from the canine ....................... . 
Length from the canine to the first premolar . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Length from the first to the second premolar .........................•.... 
Length of the true molars. . . . . . . . . . . . . . . . . . . . . . .....•.................... 
Width of the base of the third premolar .... _. . "' ........................... . 
Width of the base _of the fourth premolar.~ ............................. . 
Width of the base of the last true molar ..................••....•......... 
Vertical di~meter of the inferior canine .................................. . 
Transverse diameter of the same- ....................•.................... 
Length of the base of the second premolar ............................... . 
Length of the base of the last molar . . . • . . . . . . . . . . . . . . . . . ............... . 
Length of the symphysis ......... ., ..................................... . 
Depth of the ramus at the first premolar ................................. . 
Depth of the same at the last molar ..................................... . 
Length of the brain-case preserved ......... __ ........................... . 
Transverse diameter of the same just behind the orbits .................... . 

M. 
0.082 
0 009 
0.006 
0.032 
0.006 
0.009 
0.013 
0.010 
0.006 
0.007 
0.0085 
0.035 
0.020 
0.023 
0.070 
0. 0:.'3 

rrhere are four cervical, two dorsal, six lumbar, and thirteen caudal 
vertebrre preserved, all more or less injured. The atlas bas a large trans­
verse process, which is perforated by the vertebral foramen, as in true Car­
nivora, thus differing from Didelphys and Macropus. The perforation enters 
the base of the transverse process posteriorly, and issues at its Iniddle infe­
riorly, thus resembling Felis rather than Canis. There is a slight notch at 
the posterior base of the neurapophysis, not a deep one as in Macropus, nor 
a continuum m; in Canis. A well-preserved dorsal vertebra is robust, and the 
stout diapophyses stand on the posterior inferior portion of the neural arch. 
rrhis arch is elevated, and the spine is narrow. The centrum is regularly 
convex in section, ancl without carinre. 
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The centra of the lumbars are depressed, the posterior much .larger, 
and relatively longei: than the dorsals; their sides are concave so as t~ con­
tract the middle line below. The caudal vertebrre are elongate, and 
present the usual two inferior longitudinal angles. Their combined lengths 
are 0m.480, Or nineteen inches, and Inany are lost. 

lJfea.rmrements of the vertebrw. 
M. 

Antero-posterior length of the base of_the transverse process of the at.las...... 0. OlG 
Vertical diameter of the facet for axis of the same...... . . . . . . . . . . . .. . . . . . . . . 0. 014 
Length of the centrum of a dorsaL. . .. . . .. . . . . . .. . . . . . .. . . . . . . • .. . . . . .. . . . . 0. 018 
Vertical d~ameter of the same .......................................... 0 • • 0. 012 
Transverse diameter of the same 0 ••••••••••••••••• 0 • • • • • • • • • • • • • • • • • • • • • • • • 0. 017 
Elevation of the neural arch .............. ~ ....................... 0 • • • • • • • 0. 010 
Length of the basis of the neural spine ............................... _ .. . . 0. 010 
Length of the centrum of a lumbar .....• _ .. 0 ..•.••.... 0 ..•••..••••. 0....... 0. 032 
Vertical diameter of the same. 0 ••••••••••••••• 6. • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 013 
Transverse diameter of the same ...................... ·.. . . . . . . . .. . . . . . • . . . 0. 020 
Length of a median caudal .... 0. . . . . . . . . . . . . . . • . . . . . . • • .. • • • • . . . • . . . . . . . . . • 0. 027 
Diameter of the centrum of the same . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 0. 012 
Length of a distal caudal ................................................. 0 • 0. 031 
Diameter of the centrum of the same . . . . . . . . . ........................ 0... 0. 011 

'rhe glenoid cavity of the scapula is a narrow oval, and is produced at 
the base of the coracoid process, which has a, narrow basis and unknown 
length. The spine of the scapula rises abruptly a little above the border. 
The outline of the glenoid cavity is like that of Ursus american~ts, but is 
produced at the coracoid as in Canis lupus, nearly resembling that of Didel­

phys virginiana. The head of the humerus exhib_its subequal diameters; 
the lesser tuberosity projects 1nore in proportion to its ·width than in the 
"'\V ~If and. Oat, and. is larger than that of Ursus arctos; it sends a strong 
rib down along the shaft. The posterior angle of the shaft rises between 
the latter and the posterior support of the head. Fragments of the con­
dyles of the humerus indicate that they had considerable transverse extent, 
resembling in this respect the Bears and carnivorous Marsupials, rather than 
the higher Carnivora. The inner edge of the trochlear face is a raised acu to 
border, and within it is a remarkably prominent epicondyle similar in pro­
portions to that of the Opossun1, and exceeding that of U1·sus. The exter­
nal part of the trochlea is subcyliudric, and the olecranar fossa is large 
and del\p. The olecranon is con1prcsscd, aud longer than deep. 
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JJfeasuremcnts of fore limb. 
M. 

Transverse diameter of the glenoid ca\·it.y of the scapula . . . . . . . . . . . . . . . . . . . 0. 014 
Longitudinal diameter of the same...... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 021 
Transverse diameter of the head and lesser tuberosity of the humerus ... ~.. . 0. 02G 
Longitudinal diameter of the proximal condyle of the humerus . . . . . . . . . . . . . 0. 020 
.Antero-posterior <liameter of the inner extremity of the distal condyles of the 

humerus............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Length of the olecranon . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 0. 023 

The ilium· presents a stout tuberosity above the acetabulum on the 

outer edge of its anterior face, which is not seen in Didelphys, Macropus, 

Hypsipryrnu·us, Canis, nor Felis, and is feebly present in Ursus. In all, it is 
the seat of origin of the rectus femoris muscle. The extero-anterior angle 
of the ilium maintains its distinctness from the intero-anterior, so far as the 
ilium is preserved, and does not run into the same plane as in Felis, Canis, 

and Quadrumana ;, but it does not diverge from it so widely as in Didelphys, 

where its position gives the ilium a prismatic form. rrhe form in tho 
Stypolophus hians is in this respect intermediate between Didelphys and 
Ursus. The sacral articular face commences but little beyond the line of 
the anterior-inferior spine, in which it resembles Ursus n1ore than any other 
genus above mentioned. The ischio-acetabular .groove is very strong, as 
in. Canis and Didelphys; it is weak in Ursus. The pubis is lost. 

The head of the femur presents a fossa ligamenti teris, connected with 
the border by a shallow groove. The remainder of the bone is lost. rrhe 
head of the tibia presents a very large cnemial crest and a distinct spine. 
The facets for the femoral condyles are separated by the tendinous emar­
gination. The external and posterior fossre are deeply excavated, and sepa­
rated by the extero-posterior longitudinal ridge of the shaft. The distal 
end of the tibia presents characters like those of the other Creodonta. The 
inner 1nalleolus is wide and produced, and the exterior extremity of the 
astragalar face is angular and recurved. The part of the anterior border 
of this f:tce adjacent to the m~.lleolus is at right angles to the latter, but all 
the other borders are oblique to it, especially the external parts of it. 
There is an external angle of the shaft rising from the external angle of the 
astragalar face, and thoro are no 1narked tuberosities around the borders 
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of the latter. The postero-internal ligamentous groove is well marked, but 

shallow. 
The calcaneum is wide and depressed anteriorly; posteriorly, it is 

con1pressod. Not possessing an entire bone, I cannot give its relative 

length. The cuboid facet is not oblique in any sense, and is slightly 

concave. The distal ends of the metapodials are depressed, and have a 

low carina on the inferior aspect. 

JJ1easurements of pelvis and hind limb. 

Longitudinal diameter of the acetabulum ........•. ~ ....•.................. 
Antero-posterior diameter of the ilium at the middle ...........•............ 
Transverse diameter of the same ........................... r • • • • •••••••• 

Antero-posterior diameter of the ischium at the base ....................... . 
Diameter of the head of the femur (transverse) .............•.•............ 
Antero-posterior diameter of the proximal end of the tibia ................. . 
Antero-posterior diameter of' the distal end of the tibia .................... . 
Transverse diameter of the same . . . . . . . . . . . . . . . . . . . . . . . . • .. . . . • . . . . . . .... . 
Antero-posterior diameter of' the astragalar face ..•.......................... 
Vertical diameter of the shaft of the calcaneum ........................... . 
Vertical diameter of the cuboid facet of the calcaneum .................. , .. . 

:M. 

0.024 
0.016 
0.010 
0.017 
0.018 
0.036 
0.017 
0.016 
0.013 
0.013 

. 0. 010 

This species is smaller than the Canis lupus and larger than the Red 

Fox, and differently proportioned from either. On comparing the heads 

of the tibia and femur with those of the Wolf, those of the present species 
are observed to be but little smaller, while the head of the humerus is 
much smaller than that of the vV olf. In other words, w bile the head of the 
humerus is very large as compared with the bones of the hind limb in the 

Wolf, it is very small in the extinct species. The cranium of the S. hians 

is about the size of that of the Coyote. Hence we can suppose this animal 
as possessing relatively larger hind limbs than in the Dogs and existing 
Carnivora generally. 

The specimens which form the subject of the preceding description 

wore all found together by the author, and without intermixture of other 
fossils. 

A.s the forms of the crowns of the molars of this species are unknown, 
it is not absolutely certain that it is properly referred to Stypolophus, ~ut 

the nun1ber and positions of the teeth justify the reference so far as 
they go. 
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DIDYMICTIS, Cope. 

System. Cat. Vert. Eocene New Mexico, U.S. Geog. Surv~. W. of 100th M., 1875, p.11. 

Inferior molars six, consisting of four premolars and two true molars. 
True molars, a posterior tubercular and anterior tubercular sectorial, i. e., 
with three elevated cusps and a posterior heel. Premolars with a lobe 

brhinrt the principal cusp. The canine teeth are directed forward, and are 

very close together, so that it is doubtful whether there wore any incisors. 

An ungual phalange of the typical species is strongly compressed. 
The humerus in this genus is distally expanded transversely, and the 

margin is pierced by the humeral artery. The astragalus exhibits two 

entire trochlear faces; the wider external and directed intero-superiorly, 
the inner presenting supero-interiorly. They are separated by an obtuse 
longitudinal angle, and are little or not at all concave transversely. The 
form is depressed. The head supports a single transverse convex facet for 
the navicular, and, with the neck, is as long as the trochlear portion. 

The resemblance of this genus to· the existing Viverra, in the dentition 
of the lower jaw, is so great that the only distinctive feature appears to be 
the deficiency of the full number of incisors. 

Didymictis protenus, Cope. 

Plate xxxix, figs. 1-9. 

Didymictis protenu.~, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 11. 

Limnocyon protenus, Cope, Report Vert. Foss. New Mexico, U.S. Geog. Snrvs. W. of 
100th M., 1874, 15; Id. Ann. Report U. S. Geog. Sun·s. W. of lOOth M., 
187 4, p. 126. 

This fine speCies left its remains in moderate abundance in the Wasatch 
beds of the Gallinas country. As usual, the lower jaws were. most com­
monly obtained, and these represent six individuals. The size of this ·bone 

is that of the largest varieties of the Red Fox. 
Selecting as typical of the species the most complete! y preserved 

spee1men, it may be observed that the ramus is slender and produced 
anteriorly. The symphysis is narrow, the suture being close to the base of 
the crown of the canii-Ie where it i~.;sues fron1 the alveolus. The posterior 
extremity of the suture is opposite to the anterior border of the third pre ... 
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1nolar. There are two n1ental foran1ina; one issuing opposite to the first, 
the other opposite to the fourth premolar. The inferior border of the 

ran1us is convex in the antero-posterior direction, and is not inflected below 
the masseteric fossa. This fossa is deeply excavated, shallowing gradually 
downward and outward. 

'rho canine tooth is large, compressed, and directed forward, judging 
by the character of the alveolus. The first premolar is broken at the 
alveolus; it was small, one-rooted, and directed forward. The other pre­
molars arc two-rooted. A marked character of the species is the relatively 
small size of the first true molar, or th~ tubercular sectorial. Its length 
antcro-posteriorly equals that of the third prcn1olar, and is less than that of 
the fourth premolar. All the pren1olars except the first arc characterized 
by the presence of an obtuse lobe on the posterior cutting-edge, which is 
quite prominent on the third and fourth; these two have also a prominent 
anterior basal tubercle. Tlie posterior part of these two premolars is 
widened, so as to for1n a kind of heel, the posterior tubercle standing on 
the outer side, the cingulum-like heel extending round behind it, and termi­
nating in a narrow basal cingulum which extends on the entire outer side. 
The heel is most fully developed on the fourth premolar, ·where it supports 
a s1nall tubercle behind that of the outer side. The tubercular sectorial is 
distinguished from the premolars by the great difference between the eleva­
tions of the anterior and posterior portions. The three cusps ·which 
constitute the former unite into a triangular mass at their bases. The inner 
and outer are opposite to each other, the inner the less elevated; the anterior 
is at the inner side, and is intermediate between the others in elevation, and 
fonns the sectorial blade with that of the outer side. The posterior side of 
the united bases of the internal and external cusps is transverse and smooth. 
The heel is large, has a raised border and concave crown; the outer border 
forms an obtuse blade and is directed obliquely in~ard. There is a faint 
cingulum on the external base. The tubercular is composed of the same 
elen1ental cusps as the tooth preceding it, but differently proportioned. 
'rhus the anterior three cusps arc small, occupy a sn1all part Qf the crown, 
and are 11ot Inore elevated than tho posterior raised border of the lwei. 
'rhe latter i::; elongate, and ::;upport::; on the ontlir ::;ide an oblique eutting 
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tubercle which bounds a narrow basin on· its inner side, and is bounded by 

a slight cingulum on the outer. This tooth is about two-thirds the length 
of the sectorial. 

The dental foramen is large, and its inferior border marks the middle 

of the depth of the ran1us. The ramus, wJ1ile not exceeding in length that 

of the large varieties of the Red Fox, is deeper. No teeth certainly 
referrible to the superior series were found. 

Accompanying the jaw above described, I found a number of other 
bones of the skeleton, which I have no reason to doubt belonged to the 
same animal. They are so fragmentary that little more than measurements 
can be given. The distal end of the radius is about as large as that of a 
domestic Cat. Its carpal surface is narrow and transverse, and slightly 
concave in a transverse direction. The external tuberosity is a ridge of 

twice the length of that of the Cat, and is decurved. The superior tendinous 
groove is well marked; a smooth oblique face descends from it to the external 
border of the bone. The ilium is a stout bone, more 1nassive than that of 
a Cat, and is distinguished for a large inferior anterior "spinous process,,­

of which only a rudiment exists in the Dog and the Bears, and still less jn 
the genus Felis. The astragalar face of the tibia is uninterrupted by grooves 
or ridges, and the inner border is probably produced as in Oxycena, etc., 
though broken off in the specimen. There is a concavity on the outer 
margin of tl?.e neck of the astragalus to receive the extremity of the fibula. 
The astragalus is abo'ut as large as that of a Cat, and, as above ren1arked, is 
not grooved above, but presents two superior facets, of which the inner 
and superior is slightly concave. The interior side of the astragalus is 
vertical, and is mainly occupied by an extensive internal n1alleolar facet. 
The inferior aspect of the astragalus presents the usual interior convex and 
exterior concave longitudinal' facets for the calcaneum. The distal extren1ity 
of a metapodial bone has strong ligamento1..1s fossre on each side, and keel 
on the middle of the articular face below. An ungual phalange is cOin­
pressed, and has a strong inferior tuberosity, and no basal sheath nor trace 
of one. The cotylus is not divided by a keel, and there are no large basal 
foramina. 
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Measurements. 
M. 

Length of the molars from the canine . . . . . . . . . . . . . . . . . . • . . . .. • . . . .. . . . . . . 0. OGOO 
Length of the fourth premolar. . . . . . . .. . . . • . . . . . . . . . . . . • . . .. • . . . . . . . . . . . . 0. 0110 
Greatest width of the fourth premolar...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0045 
Elevation of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . 0. 007 5 
Length of the sectorial.... . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0100 
Width of the same............ . • . . . . . . . . . . . . . . . . . . • . . . . .. • . . . . . . . . . . . . . . . 0. 0060 
Length of the tubercular ... - . . . . . .. . . . . . • • . .. . . . .. . . .. . . . . . . . . . . . . . . . . . . 0. 0080 
Width of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0045 
Depth of the ramus at the first premolar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 
Depth of the same at the first true molar.......... . . . . . . . • . . . . . .. . .. . .. .. . 0. 012 
Width of the distal end of the radius .. .. . . .. . . . . . . . . . . . . . . .. . .. . .. . .. . .. 0. 014 
Antero-posterior diameter of the shaft of the humerus..................... 0. 009 
Antero-posterior diameter of the neck of the ilium . . . . . . . . . . . . . . . . . . . . . . . . 0. 011 
Transverse diameter of the same. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 0. 009 
Transverse diameter of the shaft of the femur ................ ~. . . . . . . . . . . 0. 012 
Transyerse diameter of the shaft of the tibia .......................... ·. . .. 0. 008 
Transverse diameter of the distal end of the tibia . . . . . . . . . . . . . . . . . . . . . . . . . 0. 013 
Length of the astragalus . .. . . . . . . . . . . . . . .. . . . . .. . . . .. . . .. . . . . .. . . . . . . . .. 0. 020 
Width of the same behind . • . . .. . . .. .. . . . . . . .. . .. . . . . . .. . . . . . . . . . .. .. . . . . 0. 012 
Width of the navicular facet............................................. 0. 011 
Depth of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 0. 005 
Depth of the external face behind .......•.....•.................. ~ . . . . . . . 0. 007 
Depth of the unguis at the base.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
Diameter of the centrum of a caudal vertebra.. . . . . . . . . . . . . . . . . . . . . • • . . . 0. 007 

The caudal vertebrre associated with this specimen prove that the 
species possessed a tail of good proportions. 

A second specimen represented by portions of both mandibular rmni 
is rather larger, but with rather smaller tubercular molar. 

Measurements. 
M. 

Length of the dental series . ... . . . . . . . . . . . . .. . . . . . . . . . . . .. .. . . .. . . .. .. . . . . 0. 0680 
Length of the four premolars...................... . . . . . . . . .. . . . .. . . . .. . . 0. 0340 
Length of the first molar . . . .. .. . . . . . . . . . . . .. . . .. . . .. .. . . . . . . . .. . . .. . . . . . 0. 0105 
Length of the second molar ................... ft • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 0100 

Width of the same.... . . . . . • . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . • . . . . . . . . . . o: 0055 
Length of the third molar ................. ~ •... ~ . . . . . . . • . . . . . . . . . . . . . . . . 0. 0080 
Width of the same in front .................. ft.. .. • • • .. .. • • • • • • .. • • .. • • • 0. 0040 
Depth of the ramus at the third premolar............ . . . . . . . . . .. . . . . . . . . . . . 0. 0130 
Depth of the same at the last molar... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 0. ou;o 

A third specimen of n1andible presents the canine tooth in place. Its 
section is a vertical oval, and it displays an anterior as well as a posterior 
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worn surface. The posterior is produced by the superior canine, and the 
anterior by the exterior superior incisor. From the extent of the surface 
worn by the latter, I suppose it to be a large tooth. There is no indication 
of inferior incisors. 

Creodus incertre sedis I. 

Plate xxxvii, figs. 23-31. 

lt number of well-preserved portions of the skeleton of a Creodont ~of 
about the size of the Stypolophus 'inulticuspis furnish some important struc­
tural characters. The 'mandibular ramus of the left side is preserved as far 
as the sixth molar, but the teeth are all wanting. The alveolus of the 
canine is of very large size, excluding the usual space for incisors s·een 
in Carnivora. First premolar one-rooted, the others two-rooted, a,1d all 
closely placed. The alveoli are large, indicating robust teeth. Mental 
foramina below anterior part of second and posterior part of the third pre­
molars. The symphyseal suture extends to opposite the front of the third 
premolar. 

Two proximal caudal vertebrre are stout, wide, and ·with depressed 

centra. They have stout diapophyses at the base of the neural arch, which 
is wide. Centra weakly keeled below. Distal caudals have the usunl elon­

gate form. 
The proximal part of a scapula is preserved. This shows an interesting 

peculiarity in ~he form of the coracoid. J This process forms the usual pro­
tuberance at the end of the glenoid cavity, and its anterior border is turned 

inward, cuhninating in another tuberosity on the inn·er side of the first 
named. This incurved border incloses a deep groove with the body of the 
scapula. The spine is elevated, and commences abruptly. 

The· shaft of the humerus exhibits a strong deltoid ridge, which is not 
flattened on its. edge, and descends gradually into the shaft. The distal 
end· in the specitnen lacks the inner half. The arterial bridge is present, 

and the supracondylar fossa is perforate. The external part of the condyle 
is separated on the posterior side from the e~ternal epicon<lyle, by a keel, 
which is like that of Canis, and which falls opposite the middle of the anterior 
face of that part of the condyle. External ligamentous pit deeply impressed; 
external border of lower end of shaft of humerus acute. 
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Tho greater part of tho ilium and adjacent portion of the ischi~tm are pre­
served. Tho former is more completely represented than that of any other 
spoeimon obtained. It shows that the anterior exterior ridge of ti1e ilium 
1naintains its distinctness from the anterior interior ridge (from the pubis), 
and does not fall into tho same plane with it at the iliac m~est as in placental 
mammals generally, but forms a continuous ridge dividing the external face 
of tho ilium into two planes. These planes are not so equal as in the kan­
garoo and tho opossu1n, the anterior being tho narrower. The external 
angular ridge is also quite obtuse, tho whole form being intennodiate in 
character between the Marsupials and Placent~ls. The anterior inferior 
("spine" or) tuberosity is well developed, as in other Creodonta. The inci­
su'J'a. acetab~tli is deeply excavated in the anterior base of the ischium. 

The femtttr is an elongate and compressed bone. The great trochanter 
is large, and produced a little beyond the head, and separated from it by a 
deep omargination. The proximal end of the bone is flat, but the posterior 

border is recurved, inclosing a fossa. The head is rather small, and has the 
usual fossa ligamenti teris. The little trochanter is well 1narked, and con­
tinues into a low linea aspera. The superior part of the outer border of tho 
shaft is compressed, and, about as far below the little trochanter as the latter 
is below the head, supports a·" third trochanter" in the form of a flattened 
tuberosity, with well-defined borders. The lower part of the shaft has an 
oval section, the long axis in the plane of the proximal end. . 

The inferior extremities of both fibulce are preserved. A section of the 
lower part of tho shaft is su btriangular. The ·distal end is enlarged, and 
obliquely truncated by the astragalar face. It is a little more flattened than 
in Didelphys, but resembles that genus much more than any. Carnivore. 
The peroneal groove is defined by a low, acute tuberosity on its outer side. 
The calcaneum, as I have observed in other species of the Creodonta, is 
large in proportion to the size of the other bones. It is rather flat, and the 
free portion is cotnpressed so obliquely as to be almost depressed. The 
cuboid facet is characterized .by being oblique in a transverse sense, while 
in a vortic.al plane. 
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llfcasurcments. 

Length of the anterior five molars ...................................... . 
Length of the base of the fifth molar ..................................... . 
Length of the base of the second molar ................................... . 
Depth of the ramus at the second molar ................................... . 
Depth of the same at the fifth molar ..... " .............................. .. 
VerticQ,l diameter of the canine ........................... - ...... L ••• ~ ••• 

Transverse diameter of the same ........................................• 
Length of the glenoid cavity of the scapula ............................... . 
Width of the same . . . . . . ......... - . . . . . . . . . . . . . . . . . .......... ~ ...... - .. 
Long diameter of the shaft of the humerus at middle ...................... . 
Long diameter of the risck of the ilium .................................. . 
Short diameter of the satne . . . .......................................... . 
Long diameter of the acetabulum ........... ~ ........................... . 
Long diameter of the base of the ischium ................................ .. 
Long diameter· of the shaft of the femur .................................. .. 
Short diameter of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Length of the femur to the end of the third trochanter ......... _ .......... . 
Width of the proximal end of the femur ................................. . 
Long diameter of tlie distal end of the fibula ....... ~ ..................... . 
Short diameter of the same ............................................. . 
Greatest width of the calcaneum ........................................ . 
Width of the cuboid facet of the same ................................... . 
Depth of the same ....................................................... . 
Length of a proximal caudal vertebra ..................................... . 
\Vidthof the centrum of the same ...................................... . 
Depth of ti.Je centrum of the same .•................•....•................ 

Creodus incertre sedis II. 

Plato xxxvii, figs. 10-22 . 
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l\1. 
0.048 
0.008 
0.008 
0.0135 
0.0153 
0.0085 
0.0055 
0.0130 
0.008 
0.012 
0.010 
0.,008 
0.015 
0.011 
0.011 
0.0075 
0.040 
0. o:w 
0.009 
0.007 
0.017 
0.008 
0.008 
0.015 
0.013 
0.008 

.A. number of pieces of the skeleton of a species supposed to be a Creo­
dont were found in connectio1i with a superior molar tooth of appropriate 
size, as well as with fragments of some smaller Mammals. It is uncertain 
whether the tooth belongs to the species represented by the bones ; should 

it so belong, it refers the animal away from the three genera in which the 
superior molars are known, and leaves the question of -its pertinence to 
Didyrnictis uncertain, as in that genus the superior molars are unknown. 
In the crown of the tooth in question, two external cusps are regularly 
trihedral and acute; within these is an extensive tubercle with crescentic 
base, whose horns terminate at the internal bases of the outer cusps; it has 
two apices, a small one at the base of an outer cusp, the other at one side 

9GR 
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of the convexity. Within this is a pron1inent ledge giving this portion of 
the crown a broadly rounded form. A strong external cingulum. Length 
of crown, om.0075; width of cro·wn, om.oo9; elevation of crown, om.0040. 

A cervical vertebra displays the usual vertebral foramen and deflected 

parapophyses. The centrum is depressed, and has oblique articular extremi­

ties, anu is longer than wide. Its inferior face is prominent along the 

median line; the low rib dividing posteriorly into two sublateral longi­
tudinal ridges, which form angles on the inferior border of the articular 
face. The centra of the dorsal vertebrre are considerably smaller than that 

of"tbe cervical, and are strongly and regularly convex below. The anterior 
are relatively 'vider, equaling the cervical in transverse diameter, but being 
smaller in the longitudinal. The caudals are slender, finally having a 
quadrangular section, the angles representing the arches and diapophyses. 

All parts of the hwnerus are preserved. The proximal tuberosities are 
not protuberant above, _but the greater is continued into a large deltoid 
crest. This crest is very prominent, and has a flat margin, which terminates 
rather abruptly near the middle of the shaft. From its tern1inus, its flat 
border widens upward, so as to include the entire width of the great 
tuberosity. The distal end of the humerus is much expanded in the plan~ 
of a line drawn between the middle of the lesser and the posterior border 
of the great tuberosity. Its inner epicondyle is greatly developed, so as to 
measure two-fifths the distal diameter. The arterial foramen is remarkably 
large, and the supra-condylar fossre shallow and not perforate. The con­
dylar surface has a projecting border, which separates it from the inn~r 
condyle from front to rear, but is bounded· at the outer extremity by such 
a rim on the posterior aspect only; the articular face e~tending to the 
external limit of the bone on the anterior face. 

The ulna is shallow, and with a convex inferior border in the antero-

posterior direction. The inferior border is thickened, so as to produce a 
longitudinal concavity on each side of the shaft. This thickening becomes 

a wide transverse expansion of the inferior side of the olecranon, so that 
the width of this part equals its elevation. The superior margin of the 
olecranon is acute and incurved ; the extremity wide and truncate. The 
surface of attachment of the proxhnal end of the radius is flat. The distal 
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end of an unrecognized hope is preserved. It is much narrowed, the entire 
extremity being occupied by the distal tuberosity, which is n1oderately 
concave on the inner side. The external face is convex, and there are 
two internal faces, separated by a right angle. It may be the superior 
extremity of the iliun1: if so, its form is unusually narrowed. 

The head of the radius is a transverse oval, presenting a shallow con­
cavity to the humerus.. The proxin1al en:d is slightly curved, with a strong, 
grooved biceps insertion on the convexity. The distal end is subtriangular, 
with the narrow base inward. "The externa~. border is acute; and just within 
it, on the superior face, is a subacute tuberosity. A low, short ridge, pro­
duced backward from the latter, divides the upper side into two shallow 
grooves, the inner and much the wider being bounded by a tuberosity, 
which forn1s the supero-internal angle of the extren1ity. This is. separated 
by a narrow groove from a median inner tuberosity, ·which is in turn sep­
arated by a larger groove from an inferior, inner, prom-inent angle. '"fhe 
articular face is concave .. 

1J1 easurements. 

Length of the humerus to the end of the deltoid crest .................... . 
· Long diameter of the shaft at the end of the deltoid crest ................. . 

SIJort diameter of the same at the end of the deltoid crest ................ . 
Long diameter of tbe head of the humerus...... . . . . . . . . . . . . . . .. . . ..... ~. 
Long diameter of the proximal condyle of thQ humerus . : ................ . 
Long diameter of the shaft just below the deltoid crest ................... . 
Transverse extent of the distal extremity ..................•. ~ .......... . 
Transverse extent of the distal condyles.. . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Antero· posterior diameter of the condyles within .......................... . 
Antero-posterior diameter of the same at the middle..... . ........•....... 
Depth of t.he ulna at the cotylus .... ~ •.......... _ . . ................... . 
Depth of the same at the olecranon . ~ ............ ~ ....................... . 
Width of the same at the olecranon below ........ ~ ...................... . 
Width of the same below the cotylns ..............•..................... 
Long diameter of the head of the radius ....................... ~ ......... . 
Long diameter of the shaft of the radius .......... ~ ...... ~ .......•..•.... 
Long dia~eter of the distal end of the radius .......................... · .. . 
Short diameter of the same ..................................... ~ ........ . 
l;ength of the centrum of a cervical vertebra .. - .... ~ ....................• 
Width of the same ................... - ...........•................. ~ ... . 
Length of the centrum of a dorsal vertebra ................•.............. 
Width of the same .................. ~ .......................•............ 

M. 
0.048 
0.014 
0.00!) 
0.021 
0.017 
0.010 
0.028 
0.0165 
0. 0110 
0.0060 
0.0093 
0. 0110 
0.0115 
0.0050 
0. 0110 
0.0080 
0.0130 
0.0100 
0.0130 
0.0100 
0.0100 
0.0100 
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Depth of the same ........... 0 ••••• 0 •••••• 0 0 0 •••••••••••••••••••••••••• u. (),. 0065 
Length of the same (posterior) ..•........... 0.. • • • • • • • • • • • • • • • . • • • • • • • • . • 0. 0115 
Width of the samr (posterior) . . . . .. . . . . • . . .. ~.. . . . . . . . . . . . . . . . . . . .. . .. . 0. 0110 
Depth of the same (posterior) . . . . . . . . . . . . . . . . .. . . • . . . . . . . .. . . . . . . . . . . . . . . . 0. 0070 

The size of this species is about that of a domestic Cat. It is .more 

robust than the species last described, and appears to have nearly the pro­
portions of the Didymictis protenus. From this species it differs strongly in 
the form of the distal end of the radius. The ren1ains described were all 

found together by myself. 

DIACODON, Cope. 

System. Cat. Vert. Eocene New lVIexico, U. S. Geog. Survs. W. of 100th M., 1875, p. 12. 

Four inferior molars, which are composed of two portions ; the anterior 
much elevated, and supporting two opposite acute cusps; and a posterior, 
much depressed, bounded by some low tubercles posteriorly. N urn ber 
of pretnolars unknown. Superior prmnolar compressed, without basal 
tubercles. 

rrhis form is probably, but not cedainly, a true Creodont. It differs 
from many genera of Insectivora in the number of complex molars, adding 
one to the usual number. It differs from most of then1, also, in the absence 
of the anterior cusp of the molars, among others from Herpetotherium, Cope, 
of the Miocene, where the number·of molars is the same. Of the numerous 
genera of Insectivora reported from the Eocene of Wyoming, but few have 
been described, and among the latter I find none without the anterior cusp. 

Diacodon alticuspis, Cope. 

Plate xlv, fig. 19. 

System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of lOOth M., 1875, p. 12. 

Represented by a right mandibular ramus, which supports the last 
premolar and four ~true molars, with a superior premolar included in an 
attached portion of matrix. The hardness of the rock, with the softness of 
the osseous tissue, has determined me not to attempt to clean the specimen 
entirely. 

The two elevated cusps of the anterior part of the crown are of equal 
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height, and are separated by a pronounced notch. There is a narrow cin­
gulum extending across their front. The heel supports two or three low 
cusps, of which the exterior sends an oblique ridge to the base of the inner 
of the ~nterior pair. No basal external or internal cingulun1. Enamel 
s1nooth. The mandibular ramus is quite robust. 

Measurements. 
M. 

Length of the five posterior molars ....•.................. u.. . . . . . . . . . . . . 0. 0125 
Length of the three true molars .......•........... · ..................•. ~ . . 0. 0085 
Length of the penultimate molar ............. ~ ..... ·.... . . . . . . . . . . . . .. .. . 0. 0025 
Width of the same ................................•.. , . . . . . . . • . . . . . . . . . . 0. 0018 
Depth of the ramus at penultimate molar ....... ~ .•..•......•. _.. . • . . . . . . . 0. 0045 

The jaw is nearly twice the size of that of the con1mon Mole (Scalops 
aquaticus). 

Diacodon celatus, Cope. 

Plate xlv, fig. 20. 

System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of lOOth M., 18757 p. 12 

rrhe smallest Mammal of the Wasatch Eocene yet known is represented 
by a left mandibular ramus, which I found exposed in the face of a precipice 
of ~andstone, on a peak of the bad-lands. It supports the tlu·ee last n1olars, 
which have nearly the character of those of the species last described. The 
last molar is smaller than the others in the present animal, but equal to them 
in the D. altic·uspis. The posterior part of the crown is deeply excavated, 
and supports on its outer angle a sharp cusp. rrhe anterior cusps are twice 
as high. There is no external basal cingulum. The ramus is shallow, the 
inferior border rising to the masseteric fossa, which is deeply excavated. 

1J1casuremcnts. 
M. 

lJength of the ramus from the antepenultimate molar· to the angle . . . . . . . . . . 0. 0100 
Length of the last three molars ................................... :. . . . . . 0. 0048 
Length of the penultimate molar...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . • . 0. 0015 
Elevation of the same anteriorly................... . . . . . . . . . . . . . • . . . . . . . . o. 0013 . 
Depth of the ramus at the antepenultimate molar ..•......... ~ .. u.. . . . . . . . . 0. 0018 

• 
This species resen1bled sotue of our very sn1all Sorices in dhnensions. 
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MESODONT A. 

In my report to Dr. Hayden on the paleontology of the Bridger 
Eocene of Wyoming,* I included six species, viz, Tomither~um rostratum, 
Pantolestes longicaudus, Sarcolemur furcatus, 8. pygmceus, Hyopsodus vicarius, 
and H. paulus, Leidy, which belong to t~is suborder. As many specie.s of 
Mesodonta referred to various orders are described by .Dr. Leidy in his 
quarto report in the same series. In my report to you on the Vertebrata 
of the Eocene of New Mexico obtained by the expedition of 1874, eleven 
species are included, none of which had been certainly obtained from 
the Bridger beds. 

A synopsis of the genera is given below, in which the characters are 
derived from the d·~ntition of the lower jaw, the part usually preserved. 
While considerable variety is to be observed in the structure of the teeth, 
they furnish also close approximations, so that their discrimination requires 
careful scrutiny. On examination of Dr. Leidy's type-specimens, it appears 
tha~ the parts preserved (the last two inferior molars) of his genus Washakius 
do not differ from corresponding parts of .A.naptomorphus of prior description. 

It also appears very probable that Mic'rosus, Leidy, is identical with 
Microsyops, Leidy, and, according to rule, should take position as a synonym 
of the latter. The genus .A.naptomorphus, Cope, although included in the 
synopsis, may not belong to the Mesodonta. 

I. Last true molar with cusps in opposing pairs. 
A. Anterior inner cusps, two or a double one, on some of the molars. 

• Three premolars. 
"Last premolar without inner tubercle" (Leidy), like the other 

premolars •...•.•....•.........•.......••.................... Om.otnys. 
Last premolar with inner tubercle like the molars ...•........ Microsyops. 

• • Four premolars; last molar heeled. 
Last premolar without inner tubercle; premolars two-rooted . . Pantolestes. 
Last premolar with inner cusp; all the molars with basin-

shaped heel behind .................................... Tomitlter-ium. 
Last premolars with inner cusp; all the molars with elevated 

cusps behind; the anteri\)r inner bifid .•.............•..•. Sa.rcolemur. 

• Ann. Report U. S. Geol. Survey Terrs. for 1872, 1873, pp. 546, 607. 
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I. Last true molar with cusps in opposing pairs-Continued. 
AA. The anterior inner cusp undivided on all the molars. 

Last molar with heel; last premolar with inner cusp; four pre-
molars . , ........................•..•................... Hyopsodus. 

Last molar without heel; last premolar large, sectorial, without 
inner cusp . : . .. ·. _ ........................... ~ ..•.•..... Apheliscus. 

Three or two premolars, last without inner cusp ........ . .Anaptomorphus. 
II. Last molar with a longitudinal series of alternating cusps, i.ncluding a heel. 

Anterior inner tubercle of molars 1-2, bifid .......•....••.. . Notharctus. 
Anterior inner tubercle simple .....•.....•.•......•...... Opisthotmnus. 

TOMITHERIUM, Cope. 

Third Account of New Vertebrata from the Bridger Eocene of Wyoming, p.·2, Aug. 7, 
1872; Proceedings American Philosophical Society for 1872 (published Jan., 
1873); On the Primitive Types of Mammalia Educabilia, 1873, May 6, p. 2; 
Annual Report U. S. Geol. Survey Terrs., 1872, p. 546 (1873). 

Dental formula of the inferior· series: I. 2; C. 1 ; Pm. 4; M. 3. The 
last molar has an expanded heel. The third . pren1olar consists of a cone 
with posterior heel; the fourth premolar exhibits, besides its principal cone, 
an interior lateral one, and a large heel. The true molars support two 
anterior tubercies, of which the inner is represented by two distinct cusps 

in one or more of them, and the external is crescentoid in section. ·The 
posterior part of the crown is wide and conca v~, and is bordered .at its 
posterior angles by an obsolete tubercle on the inner and an elevated angle 
on the outer side .. In the T. rostratum, the type of the genus, the middle 
incisors have transverse cutting-edges. 

This genus is· allied to .Adapis, Cuvier, of the French Eocene, but 
differs in the possession of but two incisors on each. side; in .Adapis, there 
are three, according to Filhol. Fron1 Notharctus and Opisthotomus, it differs 
in the structure of the last inferior molar, as exhibited in the analytical 
table. 

An account of the osteology of this genus, so far as indicated by my 
material, was given in the papers above referred to. It was shown that the 
hind limbs, especially the femur, are q:uite elongate, more so than the fore 
limbs, and that the proportions of both fore and hind limbs are slenqer. The 
bead of the radius is subround, and its distal extremity a s~bequilateral 
triangle. The humerus is distally expanded, with large inner and outer 
epicondyles and an arterial foramen. The tuberosities of its head are 
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sn1all. The ilium is rather narrow and flat, except at the acetabulum, ·where 
it supports a large anterior inferior spine. 

Associated with the teeth of the T. jarrovii and T. tutum were found 
the bones of the skeletons of two animals, corresponding in size to 
those represented by the teeth. They have the same nearly white color, 
which is unusual in fossils from this formation, and are in every respect 

similar to the portions of jaw~ supporting the teeth. I suspect that they 
belong to the same animals, and describe them under those beads 
respectively. The reason why I avoid positive assertion is the fact that 
I did not discover these pieces myself, but they were brought to me by 
one of my guides, who stated that he discovered them together. 

The characters displayed by these bones are closely similar to those 
exhibited by the Creodonta. The humerus of the T. rostratum fro1n 

vVyon1ing is also of the san1e type, resmnbling, as I originally pointed out, 
that of the Carnivorous genus N asua. The distal part of the humerus 
described unde~ T. jarrovii is of the same form. l\1ost of the parts of the 
New Mexican specirnens, however, are wanting from the 'Vyon1ing 
specimen, and consist chiefly of bones of the hind foot. They display the 

~ 

calcaneum broad and short in front, compressed and produced behind. 
The astragalus has the oblique inner side for the n1alleolus, and the less 
oblique flat surface for the tibia. 1.,he cuboid is longer than wide, with one 
extren1ity convex, and the navicular is very short. The metatarsals are 

modarately elongate ouly, and the phalanges not slender, resembling those 
of the Carnivora. 'rhe only di versit.y I observe between corresponding 
parts of T. jarrovii and T. rostratwm is that in the fenuu of the former the 
third trochanter occupies its usual position, while in the latter, it is opposite 
the little trochanter. As the bones described under T. jarrovii are less 
certainly parts of that animal than are those known to be parts ofT. tutunt 

which are de~cribed under it, I defer using this character to substantiate 
the genus Pelycodtts, which I originally proposed for the reception of these 
species. 

I originally described this genus as Len1nrine, with added characters 
of the plantigrade Carnivora. '1'he pm.;itiou is confirmed by my discovery 
of their resemblance to the C1·eodon.ta, the Eocene representatives of the 
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Carnivora. Of the species from the New ~fexican Eocene, now included 
in it, only the dentition is known, and that incompletely. The T. }arrovii 
differs in several respects from the T. rostratum. Thus, in the latter, the 
first true molar is the only one in which the anterior inner tubercle is 

represented by two separated cusps; in T. }arrovii, this peculiarity charac­
terizes all the true molars. In T. rostratum, the second premolar is one­
rooted; in T. }arrovii, two-rooted. In the T. frugivorum, the true molars are 
similar to those of T. }arrovii. It is possible that these species will be found 
to be worthy of separation from Tomitheriun~ as a distinct genus, as I have 
already p~·oposed, and require the use of the na111~ of Pelycodus (Systematic 
Catalogue of the Vertebrata of the Eocene of New l\1exico, 1 ~75, p. l3). The 
teeth of the ~pecies described as P. angulatus resemble those of Microsyops, 
but the dental series is not sufficiently complete to warrant its final generic 
reference. 

Tomitherium jarrovii, Oope. 

Plate xxxix, figs. '17-18; Plate xl, figs. 1-15. 

Prototom1ts jarrovii, Cope, Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 
lOOth M., 1874, p. 14; Id. Ann. Report U. S. Geog. Snrvs. W. of 100th M., 
1874, p. 126. 

Pelycodus jarrovi·i, Cope, System. Oat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of lOOth !vi., 1875, 13. 

This species is represented in the collections of the Survey by a 
fractured right mandibular ramus, each fragment supporting a molar tooth, 
ac·companied by bones of. a skeleton which probably belong to it;. also by 
part of the right mandibular ramus of another individual, with the last 
two molars; probably also by a mandibular fragment of a third, with a 
premolar tooth in position. 

The second ·specimen displays the last molar. The base of its crown 
is an elongate oval, narrower behind. It supports two low cusps in front, 
a lobe on the middle of its outer border, and a lobe-like heel. The inner 
border is low, and continuous to the anterior cusp. The latter has a small 
tubercle on its anterior border, which is continued into the border pf the 

• 
crown without interruption to the anterior outer cusp. The center of the 
crown is concave and basin-shaped; an external cingulum at the front of the 
crown only. 

In the second specin1en, the ramus is thick and 1noderately deep,. with 
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thick inferior border, regularly convex from side to side. 1\Iasseteric ridge 
prominent. 

The last molar is wanting in the riext specin1en, only the first and 
second true molars remaining. In the first, the two anterior interior cusps 
are low and ·well separated. rrhe anterior exterior cusp is larger, and is 
approximated to them in position. It is connected with tp.e anterior 
interior cusp by a curved ridge, which forms the anterior border of the 
crown, and with the posterior of the· two, by a yoke directed . slightly 
backward, whose superior margin is emarginate between the cusps. The 
posterior part of the crown is wider than the anterior, and consists of a 
basin-shaped concavity surrounded by an acute, raised margin, which rises 

into a large subtrihedral cusp at the posterior exterior border, and a smaller 
angular elevation at the posterior interior position. The ridge bounding 
this basin reaches the posterior of the two anterior interior cusps; its external · 
li~e curving inward to the base of the cusp. The same description applies to 
the second true molar, excepting that the two anterior interior. cusps are 

closely approximated, and that the cusps of the external side are less 
elevated. It is also slightly larger than the second. The enamel of both 
teeth is of glassy smoothness, and the base of the crown is marked on the 
external side only by a continuous cingulum. 

lJJ easurements. 
M. 

Depth of the mandibular ramus of No.1 at the anterior part of the last molar 
tooth •.......•..•..............•................... -. . . . . . . . . . . . . . . . . 0. 015 

Thickness of the same at the anterior part of the last molar tooth.~. . . . . • . . 0. 008 
Lrngth of the last molar tooth. o ••••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 007 
Width of the same in front...... . . . . . ..................... ~ . 0. • • • • • • .. • 0. 0045 
Width of the second molar behind. 0 •••••••••••••••••• ••• • • • • • • .. .. • • • • • • • • • • 0. 0050 
Width of the second molar of No.2 behind.... . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0. 0055 
Width of the same in front. . . . . . . . • • . . . . . . . • • . . . . . . . . . . . • . . • . . • . . . . . . . . . 0. 0045 
Length of the same .. · ............................. , o • • • • • • • • • • • • • • • • • • .• • • • 0. 0005 
Length of the first molar of No. 2 . • . . . . • . . . . . . . . . . . . . . . . . . . . ........ ~ . . 0. 0003 
Width of the same in front.... . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0040 
vVidth of the same behind ..•.... ~.... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . • . • . • o. 0054: 
Ele,Tation ot the crown of the same at anterior iuterior cusps.... . . . . . . . . . . . . 0. 040 

Among the bones which accompanied this specimen were a few teeth 
of Hyracotherium. I cannot traco any of the bones to this genus, however, 
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unless it be. the fragment of the shaft of the femur. Yet this agrees in 
proportions with the associated pieces. The large individual is represented 
by n1any fragments, including portions of vertebrre and fore and hind lhnbs. 
The shaft of the femur has an acute external margin, which culminates 
in a tuberosity or third trochanter. Two patellre are elongate ovals, convex 
in cross-section below. The inferior extremity o~ the fibula is especially 
stout in both diameters. The inner face is divided between a large vertical 
astragalar facet and a large posterior ligamentous fossa. The posterior face 
is marked by a prominent tuberosity, which bounds the peroneal groove 
exteriorly. The external face is convex and smooth. 

The calcaneum is similar to that of the last specimen, but one-half 
larger in all linear measurements. rrhe·astragalus is even more oblique on 
its inner face. The superior face is produced backward ·to a narrow point, 
bounding the inner face ab'ove, and is itself bounded externally by a groove 
directed forward and outward, which ceases at the superior plane. The 
neck is elongate and depressed. In the structure of this tarsus, we observe 
some of the most interesting characters of the Greodonta. On account of the 

inequality in the length of the astragalus and calcaneun1, the proximal ends 
of the navicular and cuboid are not continuous as in the Carnivora. Hence, 
also, the cuboid possesses an oblique proximal inner facet for the astraga­
lus, which is in line with the proximal face of the navicular without irreg­
ularity. From this it follows that the head of the astragalus articulates 
with both navicular and cuboid by a continuous convex facet, and not, as 
in Mesonyx and Perissodactyla, by distinct facets. The cuboid is longer 
than wide, slightly convex proximally, concave distally, and concave on its 
exposed sides. There is no external tuberosity, but~ moderate posterior 
one. The superior facet for the external face of the ectocuneiform marks 
about the middle of the internal face of the cuboid. A bone resembling· 
the navicular of the Carnivora is rather small and shallow, and has a moderate 
exterior anterior tuberosity. The outline of the superior face is subrhomboid, 
the longest side being the external, where it is squarely truncate for-contact 
with another bone. Where this side joins the posterior is a posterior 
tuberosity. Although this bone resembles the navicular of the Carnivora, 
I am not sui·e that it is that bone; it differs considerably from that de8cribed 
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under Oxyana lupina. The ectocuneiform is plane above, and concave 
antero-posteriorly below. It has the usual flat quadrate form, and the inner 
side is concave. Its axis diverges upward from the long axis of the cuboid. 
The mesocuneiform was not found, but the entocuneiform has the forn1 
already ascribed to that of the Stypolophu~ hians. Its inner face displays 
facets for the navicular and mesocuneiform, and the superior extremity is 
naiTO~ed by an oblique truncation from behind. The distal facet is slightly 
concave in the long ( i. e., antero-posterior) direction, and is truncate with ~n 
obliquity outward in the transverse direction. It does not display the 

convex articular face for the metatarsus of the hallux seen in the Quadru­
mana, so that, although the great toe may have diverged somewhat from the 
others, it was not probably prehensile. 

The anterior limb of the same animal is represented by a few fragn1ents. 
The olecranon is shallow, and wideand flat below, but not so much so as 
in the skeleton No. 2. A strong crest rises from its extremity to the middle 
of the inner side, ceasing below the posterior coronoid process. The head 
of the radius is a ·wide transverse oval; the neck is but little curved, and the 
biceps insertion is strongly marked. The distal end of the radius is like 
that of No. 2, subtriangular in outline, with a small acuminate tuberosity 
at the external angle. The external portion of the distal condyles of the 
humerus is a portion of a cy Iinder. 

lJlcasurcrnents of No. ·i. 
M. 

Depth of the olecranon. G ••••• ~ ••••••••••••••••••••• , ••••• 4 • 0 0 • • • • • • • • • • • • 0. OJ 2 
}Jength of the same ....... e ••••••••••••••••••••••••••• - • • • • • • • • • • . • • • • • • 0. 020 
Transverse diameter of the head of the radius .......... _.. . . . . . . . . . . . . . . . . 0. 0135 
Vertical diameter of the same. . . . . . . . . . . . . . . . . . ~. . • . . . . . . . . . . . . . . . . . . . . . 0. 0085 
Vertical diameter of the distal end of the same ................... ~.... .. . . 0. 0135 
Transverse diameter of the same .. o.... _ ....................... _.... . . . . 0. 0085 
Diameter of the head of the femur ...................................... :. 0. 0155 
Length of the calcaneum ..•.•................ o • • • • •••..•• 0 • • • • • • • • • • • • • • Oo 035 
'\Vidth of the calcaneum at the astragalar facets.. . . . . . . . . . . . . . . . . . . . . . . . . 0. 018 
Depth of the cuboid facet of the calcaneum ............. ~ .. 0. • • • • • • • • • • • • Oo 0085 
Depth of the astragaius externally ..................... "'. 0.. . . . . . . . . . . . . Oo 0085 
Depth of the distal facet of the astragalus ...... o..... . . . . . . . . . . . 0... .. . . 0. 0065 
'Vidth of the same ......•...... ~ .................. 0..... . . . . . . . . . . .. . . . . Oo 0115 
Width of the trochlea of the astragalus ................ ~.. . . • . . . . . . . . . . . . . 0. 0100 
Length of the cuboid,... . . . . . . . • . . . . • • . . . . . • . • . . . . . . . . • • • . • . . . . . . . • . . . . . 0. 013·5 
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Transverse proximal diameter of the cuboid . • • . . . . . . . . • . . • . . . • • . . . . . . . . . • Oo 012 
Transverse distal diameter of the cuboid ...•..•...••. · .•...•. o ••. ~ •••..• o.. 0. 008 
Antero-posterior distal diameter of the cuboid .•......... o • ~ •••• 0 •• 0 ••• 0... 0. 009 
Ler~gth of the navicular anteriorly ...•..•.• ~ ...... ~ ................ _. . . . 0. 0055 
Transverse diameter of the navicular..... . • . . . . . . .. . . . . . . . • . . • . . . • • • . . . . . • 0. 0110 
Antero-posterior diameter of the same ..•. ~ ••...•.••.•..• ~ . • • . . . . . . . . . . . . . 0. 009 
Length of the ectocuneiform. . . . . .. . . . . . . . • . . . . . . . • • . . . . • .. . . . • . . . .. . . . . .. 0. 0075 
Transverse diameter of the same ..• : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Antero-posterior diameter of the same.... . • .. . . . • . . . • . .. . . . . . . .. . . . . . . . . . . 0. 009 
Length of the entocuneiform .............................. ~... . . . . . . . . . . 0. 0125 
Transverse distal diameter of the same.. . . . . . . • . . . . . . . . . • . . . . . . . . . . . • . . . .. 0. 004 
Antero-posterior distal diameter of the same ............ : . . . . . . . . . . . . . . . . . 0. 008 

This species was about the size of the Raccoon, and its jaws indicate 
a greater degree of robustness. It is dedicated to my friend Henry C. 
Yarrow, M.D., to whom was committed the charge of that party of the 
Survey to which I was attached, and to whose zeal in the cause of the natural 
sciences the success of the special expedition is largely due. 

Tomitherium tutum, Cope. 

Plate xxxix, fig. 19; Plate xl, figs. 16-25. 

Represented by a fragmentary 1~amus of the mandible, which supports 
the last two premolars and the first true molar, with the alveoli of the canine, 
and first and second premolars. Accon1panying it is a number of skeletal 
fragments entirely appropriate in size to this jaw. All were found with the 
pieces belonging to the T. jarrovii. I originally referred all the teeth to a 
single individual, as they belong to the right side, and nearly resemble 
each other. Having the last· molar of P. jarrovii in the ramus of another 
individual, I was compelled, in order to accornmodate the molars in one 
jaw, to regard the teeth now described as canine and first premolar as 
incisor and canine. This determination I now regard as in1possi~le, since 
the positions of those teeth in relation to the symphysis require them to be 
identified as canine and first premolar. Their relative sizes accord with this 
arrangement, and the first premolar retains its normal one-rooted character. 
As a consequence of. this deterrnination, the last tooth in the ramus becomes 
the first true molar, and, as such, presents such a different form and size 
from the corresponding tooth of the other specimen, as to require that I 
should regard it as a distinct species. This appropriately corresponds with 
the bones which accompany the teeth, since they also belong to two 
individn~ls, a larger and a smaller. rrhe smaller is certainly precisely 
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adapted in size to the T. tut-um, and I have no hesitation in describing then1 
together. 

In the mandibular ramus in question, the canine alveolus is small and 
has a nearly vertical direction. That of the first premolar is smaller and 
vertical. The second has left two roots. The third is compressed, but stout, 
and has a broad but very short heel behind. It has no cingulum, and the 
anterior border of the crown rises nearly vertically from its base. The 
fourth premolar has three cusps and a wide heel. The principal cusp is 
external; at the inner side of its anterior base is a small one, and a little 
behind its middle on the inner side· is one of intermediate size, the two 
apices separated ·by a notch. The heel is without tubercles, but has a short, 
low, submedian ridge. There is a faint cingulum on the external side of the 
heel. The first premolar has three anterior cusps standing close together, 
and a wide posterior crown. The three anterior cusps are connected by 
yokes, of which the anterior is convex. The posterior part of the crown is 
concave, and is not sutTounded entirely by an elevated. ridge. It is bounded 
on the external side by a V-shaped ridge, whose limbs extend, the one to 
the posterior of the two interior anterior cusps, the other to the middle of 
the crown behind, the angle rising into a low cusp. On the inner side, a 
low ridge extends from the inner cusp mentioned, and terminates in a low 
cusp at the posterior third of the inner side. There is a continuous cingu­
lum on the external base of the crown, and the enamel is smooth. 

As compared with the T. jarrovii, this species is distinct in the form of 
the first true molar tooth. In that species, the posterior basin is complete! y 
surrounded by a raised border, as in the succeeding molars; in tllis one, it 
resembles a premolar in having the posterior cusps unconnected with each 
other. It is also materially smaller than in T. jarrovii. 

Measurements. 
M. 

Length of the bases of the molars from the first to the fifth inclusive . . • . . . . . 0. 0205 
Length of the last premolar...... . • . . • . • • . . . . • •....•.•••••..•• , •• w.. • . . . 0. 0055 
Width behind ..•.....•••..•...•.....• ~.. . . . . . . . • . . . . . • . . • . . . . . • . . • . . . . 0. 0040 
Elevation anteriorly ............................. a • • • • • • • • • • • • • • • • • • • • • • • • 0. 0045 
Length of the crown of the first true molar ....... e.... .. ~... . . . . . . . . . . . . . . 0. 0050 
Width of the same anteriorly • . • • • • • • • . . . . . . . . • . • . . • • . . . . . . . • • • . . . . . . . . . 0. 003.~ 
Width of the same posteriorly . . • • • • • • • . . . . . . . . . . . . • • • • . . . . • . . . . . . . . . . . . . 0. 0045 
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This smaller species is represented by bones of the feet, chiefly posterior. 
The inferior extremity of the tibia has the usual form, and fits exactly the 
trochlear superior face of the astragalus. The inner face of the inner mal­
leolus forms an open· angle with the subtransverse face posteriorly, and 
nearly a right angle anteriorly. · This form repres~nts the relation between 
the superior and interior. faces of the astragalus from behind forward. Me­
dially, the two faces are but little defined, while at the neck they are distin­
guished by a short angulation. This angulation is at the middle of the 
neck; inside of it, the surface is depressed .. to receive the inferior extremity 
of the internal malleolus. The superior trochlear face is oblique and at the 
middle plane, and it is separated by a sharp angle from the nearly vertical 
external or fibular face. The neck is elongate and the head is· in curved. 
The navicular face is transverse and convex in both directions. This astraga­
lus resembles somewhat that of the.Didymictis protenus. The calcaneum, like 
that of the Creodonta, is shorter in proportion to its width than in true Car­
nivora, the shortening being in front, and the expansion in the lateral astrag­
ala~ face!s. Thus, the anterior extremities ofthe astragalus and calcaneum 
do not terminate in the saine vertical plane as in Ursus, Canis,· and Felis, and 
many other Mammalia, but the neck and head of the former project far 
beyond the quboid facet of the latter. As a consequence, the cuboid bone 
is relatively longer, and the navicular shorter, tha.n in the other forms men­
tioned. The cuboid facet is in a. vertical plane, and is oblique to the long 
axi8 of the bone. 'l,he posterior portion is of n1oderate length, and com­
pressed in an oblique plane. Distal end, a wide irregular oval. Only one 
entire metacarpal bone is preserved, with the extremities of several others. 
The former is not long in proportion to its distal diameter. The head pre­
sents a fore-and-aft convex surface, which is slightly concave transversely. 
T·wo others are convex fore and aft, and plane and convex in transverse 
section. The distal end _of th~ entire metacarpal is depressed, with an inferior 
keel, and strong lateral ligamentous fossre. The phalanges are depressed, 
with subinferior distal articular face, which has a shallow trochlear emar­
gination: An ungual phalange is compressed, with a dorsal keel. and is 
moderately curved. There is a strong basal ligamentous insertion, 'vith a 
deeply-placed nutritive foramen on each side.. Apex lost. 
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jJfeasurements. 
.M. 

J.Jength of tbe calcaneum ...........•.... , ................••. , . . . . . . . . . . . 0. 025 
Width of the calcaneum at astragalar facet ............... ~.... . . . . . . . . . . . . 0. 013 
Length of the astragalus . .... . . . . . . . . . . . . . . . . • . . . . . . . .. . . . . . . . . . . . . . . . . . . . 0. 0105 
Length of the head and neck of the same . . . . . . . . . . . . . . . . . . .. . . . . . . . • . . . . . 0. 007 
Wiuth of the superior trochlear face of the same. . . . . . . . • . . . . . . . . . . . . . . . . . 0. 007 
Length of a metacarpal bone .................... , . . . . . . . • . . . . . . . . . . . . . . . . . 0. 031 
Proximal width of the same.... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . . . . . . . . .. . 0. 0045 
Distal width of the same . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0075 
Proximal depth of the unguis . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0. 0065 
Proximal width of the same...... . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 0. 0050 

Tomitherium frugivorum, Cope. 
Plate xxxix, fig. 16. 

Pelycodusfrugivorus, Cope, System. Cat. Ext. Vertebrata New Mexico, U.S. Geog. Sun·s. 
W. of lOOth l\f., 1875, p. 14. 

This species is known fron1 a portion of the mandibular ra1nus, which 
supports the last two n1olars. The size of the animal is about half that of 
the Pelycod~ts }arrovii. The last molar is oval and narrowed behind. The 
lateral nmrgins are raised, inclosing a concavity. The border is thickened 
behind at the heel, and supports an inner ante.rior tubercle, which has a 
lesser one at its anterior base. rrhere are two obtuse external tubercles. 
rrhe penultinlate molar is robust, and presents two inner and one outer ante­
rior tubercles, the former connected with the latter by ridges. A stout 
posterior outer tubercle sends an oblique ridge to the anterior inner, while 
the tubercle at the posterior inner angle is insignificant. Enamel smooth, 
the external bases of the last two molars furnished with a cingulum. 

Measurements. 
M. 

Length of the penultimate molar. . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0045 
Width of the same .................. :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0040 
Length of tbe last lower molar.. . . .......................... ~. . . . . . • • . . . 0. 0000 
V\Tidth of the same .•...•.....................•..•..•... _.. . . • . . . . . . . . . • . 0. 0035 
Depth of the ramus at the penultimate molar . . . . . . . . . • . • . . . . . . . . . . . . . . . . . 0. 0090 
Width of the ramus at the same point...... . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0. 0040 

Tomitherium angulatum, Cope. 

Plate xxxix, fig. 15. 

Pclycodus angulatus, Cope, Ssstem. Cat. Extinct Vert. New Mexico, U.S. Geog. Sul'vs. 
W. of 100th .M., 1875, p. 14. 

'rhis species was prob~bly ~ess than one-fourth the size of the 1ast 
described, and is represented in our collections by but few specimens. 
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o·no of those is a portion of the Inandibnlar ramus ·with a single pe.rfoct 

n1olar; another individual is known from an isolated molar. The former 

displays the characters of the larger species, viz, a crown. na1Towed in 

front, where it supports three approximated cusps, and widened behind, 

where an elevated border en1braces a basin-shaped concavity. In this 

species, the anterior cusps are well defined and suLcqual in size, and the 
posterior angles of the posterior concavity each support a cusp. The outer 

posterior cusp is connected by a strong oblique ridge with the posterior 

. of the two anterior inner cusps. A well-marked cingulum surrounds the 

external basis of the crown, and extends round its front nearly to the 

anterior inner cusp, Enan1el smooth. 

Jlf ca 8UYcrn en ts. 
M. 

Length of the crown of the molar ..................................... w. • 0. 0034 
Width of the same ............................... _.. . . . . . . . . . ..... , . . . . 0. 0027 · 
Depth of the ramus at the same ......... _ .......................... _..... 0. OOG5 
Thickness of tlJe same . . . . . ............... ~ •.......... ~ . . • • . • . . • • . . . . • . 0. 0030 

As already observed, this species may be referrible to Microsyops. 

P ANTOLESTES, Cope . 

. Proceed. Amer. Philos. Soc., 1872, p. 467 (separata August 30). 

The type of this genus resen1bles, in structural characters of the 

dentition of the lower jaw, the Hyopsodus and Sarcolemur, already known in 

the collections of the different explorations of the Rocky Mountain lake­

basins. While it possesses the nonnal number of molar teeth belonging to 
these, it preserves a sectorial character of the prmn·olars more posteriorly 
then in any of the allied genera. rrhe typical specimen of the P. chacensis 
presents four premolar and three molar teeth; the fourth premolar alone 

remaining with the three true molars. Th~~ premolars· are all two-rooted, 
except perhaps the first. The fourth is a simple, flattened, triangular cusp, 
with a small tubercle at the base behind, wanting the inner cusp of other 
genera. The molars exhibit the usual four cusps, the external crescentoid, 

the inner discoid in section, excepting the inner anterior, which is double, 
an antelior twin cusp of smaller size being close] y united with it. The last 
1nolar has a distinct fifth tubercle, or heel. 

10 G R 
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Pantolestes chacensis, Cope. 

Plate xlv, fig. 17. 

System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. W. of 100th M., 1875, p.15. 

The mandibular ramus of this species is very slender in both vertical 

and transverse diameters. There is a minute tubercle on the anterior base 
of the fourth premolar. There is a very minute median tubercle on the 

posterior border of the first and second true molars, and no anterior ledge. 
rrhe heel of the last nlolar is short, and the other tubercles protuberant. 

The enamel is smooth, and there is no basal cingulum on either side of the 
teeth preserved. 

Measurements. 
M. 

Length ·of the bases of seven molars .................. , . . . . . . . . . . . . . . . . . . . 0. 037 
J.:ngth of the bases of three true molars . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 018 
Length of the base of the last premolar . . . . • . . • . ... . . . • . . . . . . . . . . . . .. . . .. • 0. 005 
Width of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 0. 0025 
J .. ength of the pen ultimate molar... . . . . . • . • • . . • . • . .. . . .. . • .. .. . . . . . . .. .. . 0. 0055 
Width of the satne ........... o. • . • . . . . . . . • .. . . . . . . . . • . . • . . . . . • . . • . • . .. . • . . . 0. 0040 
Length of the last molar ........ o • •••••• , •••••• , ••••••••••••••••• ., • • • • • .. • 0. 0070 
Width of the s:11ne ........................... o •••••••••••••• 6 •••• ,. • L • • • • 0. 0040 
Depth of the ramus at the fourth premolar ... r •• .................. D • .. • .. • 0. 0080 

T_his ·species is considerably larger than the type of the genus, P. longi­
caudus, Cope. (See Ann. Rep. U.S. Geol. Surv. Terrs., 1872, p. 549.) 

APHELISCUS, Cope. 

System. Cat. Vert. Eoc.ene New Mexico, U. S. Geog. Snrvs. W. of 100th M., 1875, 
pp. 13-16. 

The present genus is nearly allied to Pantolestes, but differs in the 
absence of the heel of the last inferior molar and the simplicity of the 
inner anterior tubercle of all the molars. The characters of the inferior 

n1olars are as follows: Premolars, four; molars, three; the latter subequal 
in size. Premolars compressed, the fourth with a heel, but no internal 
tubercle. Last two molars with four subequal angular cusps, connected 
round a central concavity by their adjacent angles. Symphysis m~ndibuli 
persistent. 

The affinities of this genus cminot now be ascertained, but the 1nolar 
teeth are so much like those of the Lemurine genus Anaptomorpluts, Cope, 
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from the Eocene of Wyoming, as to suggest relationship. 'l.,he premolars 

are totally different. 
Apheliscus insidiosus, Cope. 

Aphcliscus insidiosu.s, Cope, System. Cat. Vert. New Mexico, U.S. Geog. Survs. W. of 
100th M., 1~75, p. 17. 

Prototomus insidiosus, Cope, Report on the Vertebrata of "New 1\iexico, U.S. Geog. 
Survs. W. of lOOtb M., 1874, p. 14; Id. Ann. Report U. S. Ueog. Survs. W. 
of lOOth l\f., 187 4, p. 126. 

Represented in the collections of the Survey by parts of the maxillary 
bone and both mandibular rami ·with teeth. The species is much smaller 
than the preceding, and differs materially in the forms of the teeth. The 
two anterior t~bercles of the tubercular· molars are similar and approxi­
rp.ated; the posterior are slightly divergent, and on the last tooth inclose a 
third of small size. The last premolar has a broad heel and stout antero­
median cone, but no anterior tubercle. The tooth immediately preceding 

is much smaller, and also possesses a heel. .The n1andibular ramus is par·· 
ticularly slender, and the angle is not inflected. 

Mcas~trements. 
M. 

Length of the last two inferior molars . . . . . . . . . .. . . . . .. . . .. . . . . . . . . . . . . . . . 0. OOGO 
Length of the last molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ~... . . . . . . . . . . 0. 0034 
Width of the la.st inferior molar.. . . . . ............... , . . . . . . . . . . . . . . . . . . . . 0. 0020 
Depth of the ramus at last inferior mol.ar ...... _. ................ ~........ 0. 0045 
I.~ength of the last premolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0030 
Elevation of the same . . . . . . ............................ _.... . . . . . . . . . . . 0. 0028 

SARCOLEMUR, Oope. 

Sarcolemur, Cope, Proc. Acad. ~at. Sci. Phila., 1875, p. 256. 
Antiacoilon, "Marsh/' Oope, System. Cat. Vert. New Mexico, U. S. Geog. Survs. W. 

of 100th M., 1875, p. 17; Ann. Rept. U. S. Geol. ~urv. Terrs., 1872, p. 608. 

Inferior molars 4-3, the last with a heel. An~erior inner cusp of the 
true molars bifid or double ; the external cusps su bcrescentic in section ; 
all the cusps subequally developed. Last premola-r with an inner, and 
sometiines an tei~ior cusp. 

This genus is nearly related to Hyopsodus in the dentition described, 
differing in the double inner anterior cusp of the inferior true molars. The 
type, 8. furcatus, Cope (Ann. Rept. U. S. Geol. Surv. Terrs., 1872, p. 609), 
possesses an almost sectorial character of the last premolar. This tooth 
has, besides a median co1npressed cusp, a stout anterior one. 
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In atte1npting the identification of this genus with one of those named 

by Professor Marsh, it appears that I have been in en·or. The absence of 

sufficient diagnosis in the single description yet published by this author 

explains my want of success. In several other instances, I have used the 

generic names of the " Preliminary Description of N e'v Tertiary 1\fammals, 

by Prof. 0. C. Marsh", bearing date August and September, 1872, hoping 
to be able to give them currency by supplying definitions. My want, of 
success in these instances also, has more than ever convinced me of the 
importance of preserving the rule requiring definitions for genera as the 
only basis of authority for their nan1es; and it is evident that to ~uspend 
this rule of nomenclature is impracticable, even were it desirable. I have 
therefore made a final examination of the narnes and descriptior;ts of the 
above-mentioned paper, with the view of ascertaining which of them are 
introduced in such a ·way as to constitute additions t? nomenclature. I find 
that of thirty -seven gene:ric names proposed in that and a previous essay 
(On New Fossill\fam1nals and Birds fron1 the Tertiary Formation, July and 

August, 1 871), twenty-two are not accompanied by a mention of their 
generic characters; while of the remaining fifteen there are only two cases 
in which the nomenclator states what he regards as their distinctive features. 
rrhese are Orotherium, which is adopted in the present work, and Telmato­
lestes, the character of which, as given, is of very doubtful value. To the 
list of undefined names must be added Tinoccras and Lernu·ravus, of later 

<late. 
I may add that a few of the names early proposed by me, are open to 

the same criticism ; · but ~heir publication was followed, at the earliest prac­
t~cable moment, by the issue of elaborate descriptions, in which the generic 
and specific characters are fully detailed. 'rhis has not yet (~farch 1' 1877) 
been done in the case of any of the names of the two papers above conl­
mented on. 

rr-wo species are provisionally refer'l·ed to the genus Sarcolemur on 
account of their resemblance to the Known species S. pygnueus, Cope, and 8. 
furcatus, Cope, but not definitely, because the premolar teeth are unkno·wn 
in both cases. One of them is similar in size to the species n1entioned, while 
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the other is much larger than any of the allies, approaching the larger spe­
cies of Hyracotherium. 

Sarcolemur mentalis, Cope. 

Plate xlv, fig. 15. 

Antiacodon mentalis, Cope, System. Cat. Vert. New Mexico, U. S. Geog. Survs. W~ of 
lOOth M., 1875, p.17. 

Established on a portion of a ramus mandibuli, on which the fi:t;~t and 
second true molars only reJDain. The fangs of the last premolar are stout, 
and evidently supported a robust crown. The cusps of the true 1nolars ~re 
as usual, crescentic in section on the outer side, the posterior inner conie, 
while the double anterior inner is rounded on the intei·nal face, a.nd not 
flattened, as in many species. rrhe second true Jnolar has a distinct poste­
rior median tubercle. There are no basal cingi.1la except a trace between 

the external cusps. This species resembles the A. furcatus, but differs 
materially from it, as fi·orn A. pygmceus, in the deeper and n1ore robust 
mandibular bone. 

Meas1trements. 
s. mental·is. s.l)ygmams. 

l\1. l\1. 

Length of the first true molar ...... , . . . . . • . . . . . . . . . . . . . . . . . . . . 0. 0044 0. 0043 
vVidth of the first true molar behind .. .. . . .. . . .. .. . . .. .. .. .. . . 0. 0033 0. 0031 
Depth of the ramus at front of the third molar .·.... . . . . . . . . . . . • 0. 0085 0. 0075 
Depth of the ramus at front of the last premolar,... . . . . . . . . . . . . 0. 0078 0. 0055 

Sarcolemur crassus, Cope. 

Plate xlv, fig. 16. 

Antiacodon crassus, Cope, System. Cat. Vert. New Mexico, U.S. Geog. Survs. W. of 
lOOth M., 1875, p. 57. 

Represented py a portion of the right mandibular ramus, which sup­

ports the first and second true molars.- It is a peculiar species, known 
among its allies by the obtuseness of the cusps and ridges of the crown. 
The double cuRp is thick, and the component apices little separated; the 
anterior only is connected with the external anterior tubercle. 'l1he poste­
rior part of the crown is wider than the anterior, and is quite concave. The 
outer border supports a stout tubercle; the inner, a very small one behind, 
and there is a small ledge representing the posterior median. The oblique 
ridge from the posterior external cusp is low, and the anterior cusps ri::;c 
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abruptly. rrhe enamel is SlTIOOth, and the cingulum is represented by a trace 

between the bases of the external tubercles. 

lJieasurements. 
H. 

Length of the second true molar................... . . . . . . .. . . . . . . . . . . . . . . . . 0. 0080 
Width of the same posteriorly . . . . . .............................. , . , . . . 0. 0075 
Elevation at same point ...... ~.. . . . . . . . . . . . . . . . . . . . . . . .. .. . . • . . . . . . . . . . . . . 0. 0040 
Transverse diameter of the ram us ........................... , . . . . . . . . . . . . 0. 0080 

BYOPSODUS, Leidy. 

Leidy, Report Geol. Surv. Terrs., i, p. 75. 

In this genus, the cusps of the true molars are all elevated and simple, 
and the last premolar presents an internal cusp. According to Leidy, there 
are three incisors, which are in immediate contact with the canine, as the 
latter is with the premolars. I-Iyopsodus has been regarded by Leidy as a 
"Pachyderm", as was done by Cuvier in the case of the allied fonn Adapis. 
As observed by Leidy, the American genus nearly resembles the European 
(under the synonym Apltelotheriurn ). As the latter is believed by Gaudry 
and Gervais to be Lemuroid in affinity, Hyopsodus n1ust have a similar 
reference. This is confirmed by the approxitnaiion in dentition to Tomithe­
riU'm through intermediate genera. 

The type is H. paultts, Leidy ; a second species is H. vicarius, Cope, 
both from the Bridger beds of Wyoming. A single jaw-fragment from 
New Mexico, was referred by me in the " Systematic Catalogue" to the 
former, but the material is insufficient for final determination. 

Hyopsodus miticulus, Cope. 

Plato xlv, figs. 10-12. 

Hyoptwdus miticulus, Cope, System. Cat. V crt. N cw ~Iexico, U. S. Geog. Survs. W. of 
100th M., 1875, p. 18. 

Estlwnyx mitioulus, Cope, Ueport Vert. Foss. New 1\lcxico, U. S. Geog. Survs. W. of 
lOOth M., 1874, p. 8; Itl., Ann . .Rt>port U.S. Geog. Survs. W. of 100th M., 1874-, 
p. 120. 

Parts of several specimens of this species show that the molars are 
similar in size to the H. paulus, but that it has a much smaller last inferior 
molar, which has such a low heel as to resemble the corresponding tooth of 
the species of Estlwnyx. Tho last two premolars are more robust than in 
H.JJauh!s, aud po~~ess rud.itnental anterior basal tubercles, of which a trace 
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only exists in the H. paulus. The mandibular ramus is considerably shal­
lo·wer, and the species was probably more diminutiye. 

Represented by portions of n1andibular rami of three or four individuals 
of the same size as those referred to some of the species above described. 

1."~here are represented two premolars and three molars ; other teeth are 

lost. The molars differ from those of the three preceding species in lacking 

the notch or groove dividing the inner anterior cusp of the crown, giving 

the worn surface a more simply sigmoid form; the anterior portion is, more­
over, not materially more elevated than the posterior. The last molar has a 
large heel, an inner and two anterior tubercles when little worn. The pre­

molars preserved are each two-rooted, and the penultimate is without heel 
or inner tubercles. 

Measurements. 

Length of the three true molars (No. 1) ........................... . 
Length of the two last premolars (No.2) ..... _ ........................... -
Length of the first true molar (No. 1) .......... : ...................... : . . 

"Width of the first true molar (No.1) ...................................... . 
Depth of the ramus at first true molar (No.1) ............................ . 

M. 
0.0120 
0.0064 
0.0040· 
·0.0030 
0.0080 

The worn surfaces of the first and second true molars are much like 
those of the corresponding teeth of Menotlterium, Cope.· That genus differs 
in the reduced form of the last inferior molar and in the premolars. 

OPISTHOTOMUS, Cope. 

Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of lOOth M., 1875, 
p.15. 

Represented by inferior molar teeth of two species. These do not dis­
play a bifid or double anterior interior cusp, a.nd the crowns exhibit two 
anterior cones, and an inner cone and outer crescent posteriorly. The 
posterior crescent is well defined, and is continued on a narrow crest to the 
anterior inner tubercle. The posterior molar presents the peculiarity of a 
series of three cusps in one line, the median· having another or lateral cusp 

near it. 
This genus is also probably Mesodont, but differs wid.ely in the form 

of the last molar from Tomitherium, Pantolestes, &c. This tooth would 
appear by its 'form to be capable of a sectorial function in relation with the 

opposing tooth of tho superior ~eries. 
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Opisthotomus as tutus, Cope .. 

Plate xlv, fig. ~l. 

Loc. cit., p. 16. 

Established on two posterior lower molars, which were found in imme­
diate association, but not attached to the jaw. The penultimate molar has 
a convex cingulum in front connecting the two cusps, and a median poste­

rior cusp of small size. The. last molar has a wide ledge in front, and the 

anterior cusp is on its outer side. It is separated by a valley from the 
middle cusp, which is the most elevated. Directly on its inner anterior 
aspect, a stout cusp is attached, and connects by a low ridge with the ante­
rior. The posterior cusp is elevated, conic, and median, and is connected 
with the central cusp except at its apex. There is no heel behind it, nor 
any cingulum on this or the anterior n1olar tooth. The enamel of both 

teeth is nearly smooth. 
JJ1easurernents. 

• :M. 
I..~ength of the crown of the median lower molar .................... o • • 0. 0065 
vVidth ·of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0060 
Length of the crown of the posterior lower molar . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0085 
Width of the same in front . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0050 
J~ength to the middle cusp . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0045 
Elevation of the middle cusp ... 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 0050 

Opisthotomus flagrans, Cove. 

Plate xlv, fig. 8. 
r~oc. cit., p. 16. 

A larger species belonging to this genus, is represented by a portion 
of the· lower jaw, from which the molars are broken, excepting the last. 
The outline of the base of the crown of the latter is elongate-subtria.ngular, 
the base of the triangle being anterior. 'rhe anterior fourth of the crown 

is a ledge with angulate border, and a tube~·cle at the outer anterior corner; 
the rmnainuer of the crown consists of three elevated cusps, an external 
alternating with an internal, and a median posterior. The inner and ou tor 
eusps are rather obtuse, and are separated by a deep notch; the posterior 
cusp is much lower, is obtuse, and has a still smaller tubercle at its inner 

ba~is. The slufa.ce of the heel is oblique, for the external anterior tubercle 
Hen<ls a ridge to the intcrnalinedian cusp, so that the liue of elevation of the 
crowu is a ~ig~ag of three litnbs. 
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JJfeasurements. 
M. 

Length of the crown· of the last inferior molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Width of the same anteriorly . . . . . . . . . . . . . . . . . . . . • . ............ ·...... .. . . . 0. 006 
Le11gth between first and third cusps of the same . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 006 
Depth of the ramus at the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 020 

INSEOTIVORA. 

r:I.,o this ·suborder I refer the genus Esthonyx, on account of the near 
resemblance of such parts of the dentition as are known· to some of the 

genera now existing. It is not unlikely that other genera of the Eocene 
which have been referred to the Insectivora belong here. Esthonyx 

exhibits an approximation to the Tillodonta in the restriction of the enamel­
layers of the incisors of one of the jaws to the anterior face only. .The 
inferior molars have much the constitution of those of Anchippodus, and in 
their details resemble also those of Erinaceus. As compared with the Creo­

donta, there is a near resemblance between these teeth and the tubercular 
molars of Didymictis, and through them to the tubercular sectorials of the 
Oxycenidre, with which they agree in essential composition .. 

On the other hand, resemblances between the dentition of Esthonyx 

and the supposed Lemurine genus Tomitherium are not wanting, and the 
Rodent-like anterior teeth of the Lemuroid Chiromys suggest still further 
affinities between the Eocene members of that group and the Tillodonta. 

ESTHONYX, Cope. 

Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100tb M., 1874, p. 6; Id., Ann. 
Report U. S. Geog. Survs. W. of 100tb M., 1874, p. 118; System. Cat. Vert. 
Eocene New Mexico, U.S. Geog. Survs. W. of 100tb M., 1875, p. 23. 

Incisors of two forms ; the inferior subgliriform, but not growiug 
from persistent pulps; the enamel covering a long and narrow external 
vertical face, and terminating above the alveolus, thus distinguishing 
crown and root. The other form of ~incisor with the apex encased in 
unamel, but extending much farther on the outer than the inner side ; the 
crown compressed, not wider than the root. Molars supporting two V's, 
with rounded apices directed outward, the posterior seon wearing into a 
triangle lower than the anterior. The anterior elevated and transverse, 

only distinguished front a. triangle by a notch on the inner side. Last 
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lower molar with this anterior transverse triangle, a diagonal ridge, and a 
heel with raised border. The fourth premolar has a V -shaped crest on it.s 
anterior half, the angle being an elevated apex of the external face, the 
limbs descending inward. 

This genus differs from Anchippodus and Ectoganus in the far less 
gliriform character of the incisor teeth, althoug·h the composition of the 

n1olar teeth exhibits a true resemblance to that seen in those genera. The 
incisor is annectant to the form usual in Mammals, betraying the Rodent 
character in the absence of enamel fron1 the posterior face, and the oblique 
bevel posteriorly fron1 the apex to the shank. The ~canine or superior 
incisor (second form) is elongate, and without distinction between crown 
and root, but is straight, and not gliriform. A resemblance to the superior 
incisor of Ectoganus can be observed in the deep emargination of the 
enamel to near the apex on the inner side, and the convexity of the 
opposite side. 

A strong resemblance can be discovered between this genus and 
Tomitherium, which is described under the Mesodonta. The cornposition 
of the inferior molars in the latter is essentially the same in the two genera, 
but the anterior cusps and yokes are relatively less developed in Tomitherium. 
An obvious resemblance is seen in the last premolar, which is somewhat 
sectorial in the forn1 of its anterior half in both genera. There is no 
enlarged external incisor in Tomitherium, but either arrangement is con­
sistent with Mesodont affinities, and even incisors of Rodent-like character, 
in view of the structure of Chiromys, so that Esthonyx might perhaps be 
properly referred to that group. Its resemblaJ?-ces to Erinaceus are, how­
ever, so many, that I leave it here for the present. 

Esthonyx bisulcatus, Cope. 
Plate xi, figs. 27-33. 

Esthonyx bisulcatus, Cope, Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 
100th M., 1874, p. 7; Id., Ann. Report U.S. Geog. Survs. W. of 100th M., 
1874, p. 118; System. Oat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of lOOth M., 1875, p. 24. 

Estlwny:c acer, Cope, Report Vert. Foss. New Mexico, U.S. Gcog. Survs. W. of lOOth 
M., 1874, p: 7; Id., Ann. Report U. S. Geog. Survs. W. of 100th M., 1874, 
p.119. 

Represented by parts of both mandibular rami, with molar and loose 
incisor teeth of one individual; a. mandibular ranu1s, supporting thE) last 
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four molars, of a second ; a fragmentary ramus, with one 1nolar in place ; 
and some isolated molars, of a fourth individual. 

The section near the apex of the crown of the ~superior incisor is 
lenticular, one side (~the inner) being interrupted by a low longitudinal 
ridge, from which the enamel is removed by attrition. The enamel is 
slightly and obsoletely striate. A section of the inferior incisor is oval, 
flattened on the inner side; the enamel is obsoletely rugose, and is slightly 
incurved on the upper surface near the a~ex. 

The grinding-face of the 1nolars and some of the premolars is Cf.l-shaped, 
but the anterior limb of the figure is much thic~ened on c the inner face, so 
as to ha,~e a triangular form, the-base being inward. This base is notched 
by a second groove of that side of the tooth, which interruption is oblit­
erated by prolonged attrition. This portion of the crown is elevated above · 

the posterior, in consequence of the more rapid removal of the latter by 
trituration. The large internal and external grooves continue nearly to the 
base of the crown, as in Ectoganus. The laRt inferior c molar is longer 
than the others, and is three-lobed, forming by its base nearly an isosceles 

triangle. The heel is formed by the backward production of the posterior 
convexity of the Cf.l, the central line of the figure forming a diagonal ridge 
across the middle of the tooth. 

The mandibular ramus is of a deep compressed form. 

Measurements. 
M. 

Length of three consecutive molars ...•..........• , . . . . . . . . . . . . . . . • . . . • . 0. 0250 
Length of the last two molars . _. ........•.................... , • • . • .. . . . . . . . 0. 0210 
Lcn~th of the penultimate molar .•....•..........••............... _.. . . . • . 0. 0084 
Width of the same .................•....... ·•.... • • . . . . . . . . . . . . . . . . . . . . . . 0. 0062 
Length of the last molar ..•.................... L.... . . . . . . . . . . . . . . . . . . . . 0. 0112 
Width of the same.... . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . • . . . . . . . . . . _ . . . 0. 0070 
Length of the incisor, second form .................•.•.••........... :. . . . 0. 0250 
Diameter of the same.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . 0. 0050 
Diameter of the incisor, first form, transverse . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0030 
Diameter of the incisor, first form, antero-posterior ........ ft......... . . . . . o;0070 

A second specimen consists of a portion of the lower jaw, in which 
the last four molars remain. They resemble those of tP,e specimen already 
described. The anterior one of the series assumes the form of· a premolar, · 
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the posterior V becoming a curved 1nedian cutting-edge, and the anterior V 
opening into a crescentoid section ; it rises to an acuminate apex, having 
thug a rather sectorial clwracter. In the three true molars, there is a small 
tubercle at the inner base of the posterior limb of the anterior V. Posterior 
V much lo·wer. Enamel smooth. 

JJJ.easurcments. 
M. 

Length of the four last molars.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0:35 
Length of the three last molars. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 0. 026 
Length of tlJc penultimate molar .......•...... ~. . . . . . . .. . . . . . . . . . . . . . . . .. 0. 008 
Width of the same ...................... ~ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Length of the last molar .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . 0. 011 
vVidth of the same..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Depth of the jaw at the last molar ....................... ~ o...... . . . . . . . . . . 0. 020 

This species is like the E. burrneisterii; but the n1andibular ran1us of 
that species is relatively deeper. 

Esthonyx burmeisterii, Uope. 

Plato xi, fig. 26. 

Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of lOOtb M., 1874, p. 7; Id., 
Ann. Report U.S. Geog. Snn·s. W. of lOOth M., 1874, p. 119. 

A species nearly allied .to the E. bisulcatus, the type of the ge!lus, is 
represented by a portion of the rigl~t mandibular ramus, with the last molar 
tooth in perfect preservation. ~hile the jaw is of a depth similar to that 
of the E. bisulcatus, it is more slender in its proportions. The molar, also, 
while of nearly the same length, is relatively narrower, especially in its 

anterior portion. The crown of this tooth is worn in the specimen, and the 
anterior portion is elevated above the posterior, and displays a trace of tho 
notch of the inner tnargin already observed in the species last described. 
rrhe composition .of the tooth is similar in other respects. No cingula .. 
Enamel smooth. 

Meas~trements. 

Length of the last lower molar. . • . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Length of the last lower molar from the anterior tubercles ................ . 
Width~ anteri~rly ................. ~ ....... , ................... -~ ........ . 

l posteriorly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .......•..... 
DcptlJ of tlJc ramus at the last uiolar .................................... . 

1\L 
0.009 
0.0060 
0.0050 
0.0025 
0.0240 
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This species is dedicated to Pro£ He~·mann Burmeister, director of the· 
museum. of Buenos Ayres, who has studied the Manunalia of the deposits 
of the Pampas, and given us an excellent account of their osteology. 

TlENIODONTA. 

The characters of this group, already pointed out,* are most distinctly 
seen in the teeth which are supposed to be superior incisors. U nfortu·· 
nately, they have not yet been found in place in the cranium; but their 
association with a Rodent type of inferior incisors, which have been found 
in place in the mandible, confines us to the alternative choice between 
superior incisors and canines. From the small size or absence of 
inferio~ canines, a similar character may be inferred for the superior denti-. 
tion. 

The superior incisors present two bands of enamel, an anterior and a 
posterior. They are compressed in -form, the sides presenting a surface of 
dentine or cementum. Attrition produces a .truncate or slightly concave 
extremity. The inferior incisors are Rodent-like. . 

Two fa1nilies represented this suborder in the Eocene period in New 
Mexico .. The first or Ecto,qanida possess molar teeth with several roots. In 
the Calamodontidce, each n1olar has a simple conic fang. · But one genus of 
each family is known. In Calamodon, the deficiency in enamel is supplied 
by a deposit of cementum. 

The type of superior incisors chara.cteristic of this division is unknown 
elsewhere among Mammalia. It is intermediate between the usual ~ype and 
that of the Rodentia, but it is not, therefore, evident that it represents a 
stage in the process of differentiation of the latter order. This

4 
is rather 

seen in such incisor teeth as those of Esthonyx. The great reduction in the 
extent of the enamel investment is an interesting approxiJ?ation to the 
Edentata, where this substance is altogether wanting. The reduction is 
greatest on the ·adjacen.t sides of the n1olars; it has a little greater extent on 
the inner side, while it extends as a band on the exterior side,. so that in worn 
teeth this surface alone remains. In addition, there are a heavy cementmn 

* Proc. Acad. Phila., March, 1876. 



158 T~NJODONTA. 

investiture and undivided roots in the genus Calamodon, features essen­
tially characteristic of the Edentata. 

Thus ·we have in the Treniodonta the first hint as to the relations of the 
Edentata in early Tertiary time. 

ECTOGANUS, Cope. 

Report Vert. Foss. New Mexico, U.S. Geog. Sur\"s, W. of tOOth M., 1874, p. 4; Jd., Ann. 
Report U.S. Geog. Sun?s. W. of lOOth M., 1874, p. 116; System. Cat. Vert. 
Eocene New Mexico, U.S. Geog. Survs . .... N. of lOOth )i., 1875, p. 6. 

This genus rests on a number of remains of the crania of two 
species, including principally teeth, in a good state of preservation, all 
found in appropriate relations by the writer. The teeth include incisors, 
molars, and premolars, it is believed, of both superior and inferior series. 

There are two types of gliriform incisor teeth, and of one of these, in 
the largest species, three sizes. In the inferior, the teeth are elongate, com- . 
pressed, convex in both directions on the anterior face; and are convex or 
angulate in section at the posterior face; the enamel is confined to a band 
on the anterior face, extending more or less on one side or the other, the 
naked dentine extending prominent! y backward at the middle and basal 
portion of the shaft. 

The teeth of the other type correspond with those referred to the upper 
jaw in the genus Calamodon. Like them, they are flattened, and have 
a convex, enamel-coated, anterior face, and a similarly coated posterior face, 
which converges toward the anterior, instead of being parallel with it, as is 
the case in Galamodon. In E. gliriformis, the unworn apex is partially 
preserved, and presents the peculiarity of having two distinct ter~inations, 
one for each enamel face. Between the two, .there is a deep notch, which 
is oblique, and also extends up one side of the tooth for a greater or less 

distance, according to the species. The superior apex is entirely encased 
with enamel. , The enamel bands are oblique in the transverse direction as 
in Calamodon, looking to the side which I suspect to be the external. The 
other side is flat. This peculiar form induced me to suppose at one time 
that this body consisted of two distinct teeth connected by the alveolar wall, 
a view which I subsequently corrected. 

There are three molars of the superior, and several of the inferior series 
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available for present detern1ination. ·The superior are all remarkable for 
the great exposure _of their external faces as compared with their internal, 
and the extension of the enamel on the outer face of the very thick external 
root, which is not distinguished from the crown. rrhe premolars have two 
of the roots connate, forming a support to the greater part of the crown. 
The worn surface is in form something like the Greek m, the deep emargi­
nation being internal. The inferior molars have greater antero-posterior 
than transverse diameters. The enamel is more extended on one side than 
the other, covering the exposed portions of the roots. The grinding-surface 
is plane, and has the form of a horizontal oo; the limbs being angulate, as 
in the Greek N. .The enamel of the oblique molars is quite thin. A portion 
of a large molar which I originally described as having three roots is of 
uncertain position, owing to a portion having been lost. Two sides of the 
crown stand on a single root of crescentic secti(_)n which is abnormally 
divided by a fracture. There were three prominent tubercles on the cir­
cumference of the crown, but injuries it has sustained prevent the descrip­
tion of its true form. 

This genus apparently occupies a position between the single-rooted 
and many-rooted genera of the group. It differs from Anchippodus and 
its immediate allies in .the greater simplicity of the form of the inferior 
molars, which are composed in the latter of two V's, somewhat as in many 
Insectivora. 

Ectoganus novomehicanus, Cope. 

Plate xi, :figs. 34-39. 

Oalamodon novomehicanus, Cope, Report Vert. Foss. New Mexico, U.S. Geog. Survs. 
W. of lOOth M., 1874, p. 6; ld., Ann. Report U.S. Geog. Survs. W. of lOOth 
M., 1874, p. 118. 

This species is re~resented by a superior and perhaps an inferior 
incisor tooth. The former obviously belongs to a species of Ectoganus, but 
exhibits strong characteristic distinctions from the corresponding ·tooth of 
the E. gliriformis. It belongs to an individual of larger proportions than 
the type-specimen of the latter. 

The superior incisor has the usual compressed form, and is concave on 
one side and convex on the other. The two enamel-covered edges are thick, 
and converge gently. The enamel bands themselves are extended chiefly 
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on the convex face of the tooth, and not far from the grinding-face they 
unite, surrounding that side of the end of the crown. '"rhe enamel bands 
are also slightly incurved on the concave face, increasingly so near to the 
grinding-face, but they do not meet by a considerable interval. The 
masticating surface is therefore oblique, 'vearing faster on the side not 
protected by the enamel. On the opposite side, the enamel is thrown into 
an entering fold of little depth at the point to which the crown is worn in 

the specin1en, which runs out a little above the grinding-face. There are 
some obsolete strire on the enamel toward the decurved margin. The 
pulp-cavity is large at the fractured· base of the tooth, and is surrounded 
by thick dentinal walls. 

Measurements. 
M. 

Length of the crown preserved. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 038 
Depth of the crown at the broken base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 018 
Depth of the crown at the apex. . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . • . . . . . . 0. 011 
Wi<lth of the crown at the broken base .................. ~..... . . . . . • . . . . . . 0. 008 
Widtll of the crown at the apex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. OOG 
Width of t.he interruption in the enamel at the gdnding-face................ 0. 005 

In" comparison with the corresponding tooth of the E. gliriformis, the 
following peculiarities may be observed: the convergence of the enameled 
faces is rnuch less rapid in E. novomehicanus; the flat side of the former is 
replaced by a concave side in the latter; the convex side of the E. novome­
hicanus, is in E. gliriformis grooved next the lower or posterior side, the 
enamel band standing out in a bead; this groove becomes deeper, and 
finally divides the apex into two; in E. novomehicanus, this groove is only 
apparent near the apex, and the enamel bands are· continuous with the 
intervening surface except at that point ; the anterior enamel band is more 
strongly incurved on the flat side near the apex in the E. gliriformis. 

Ectoganus gliriformis, Cope. 

Pln.te xli, figs. 1-12. 

Report Vert. Foss. New :Mexico, U. S. Geog. Survs. W. of lOOth M., 1874, p. 5; Id., 
Ann. Heport U. S. Geog. Survs. W, of lOOth M., 1874, p. 116. 

The teeth constitute the available representatives of this species; the 
cranial and other fragments found being useless for description. 

The superior enan1el face of the superior incisor has an open shallo1.v 
groove near the supero-anterior margin. The face of the superior apex, 
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which presents to the other apex, has a wide longitudinal groove. r:rhe 
inferior enamel band covers a prominent rib, ·which, near the apex, projects 
so as to be 0.66 of a cylinder; its enamel is not grooved, but has, like that 
of the superior band, an obsolete trace of wrinkling. 

The large inferi~n· incisors are beveled on their posterior edge far 
below the apex, so that the outlines of the teeth are not parallel, as in the 

species of Calamodon. In the similar incis~rs of the second size, the 
posterior bevel is much shorter and more abrupt, and the posterior border 
of the shaft is not quite concentric with the anterior, converging a little 
toward the apex. In the smallest teeth of this type, the two borders are 
nearly parallel. The section of the two larger kinds of teeth is diamond­
shaped; that of the smallest, a narrow oval. rrhe enamel band on the two 
larger kinds of teeth is quite protuberant, but in the least it is narrow and 
merely convex. 'rhe enamel band on the largest inferior incisors is slightly 
convex on one side; and, on the other side, where iti~ more extended back­
ward, it exhibits a shallow longitudinal concavity. Both sides are obsolete~y, 
but distinctly, longitudinally ribbed. The enamel of the teeth of the medium 

size is quite simil~r. The dentinal shaft of the largest is contracted to a 
narrow edge behind; that of the second size is more obtuse. 

The enamel of all the n1olars is smooth, and without cinguht. rrhe 
transverse crests of the unworn true molars ~upport two tubercles, and the 
inner extrerr1ities of the crests of the premolars are produced in accordance 
with the oblique wearing of the incurvecl crown in mastication . 

. Measurement.<.;. 

Leng-th of the inferior incisor, largest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Width of the same .... ·... . . . . . . . . . . . . . . . . . . . ........................... . 
Depth of the same ...................................................... . 
Length of the incisor, medium, type 1.... . . . . . .......................... . 
Width of the same ...................................................... . 
Depth of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ....................... _ 
Det>th of the incisor, least., type 1. . . . . . . . . . . . .................. _ ... _ .... . 
Width o.f the same .................... - ........... __ ..................... . 
Length of the superior incisor ........................................... . 
Width of the same ......................................... , .•... _ ...... : 

D . t f h f 1 ~ longitudinal . _ .............. _ ..... . mme er o t e crown o a pl'emo ar 
·transverse ..................•...... 

11 G R 

M. 
0.043 
0.013 
0.018 
0.034 
0.006 
0.014 
0.009 
0.004 
0.031 
0.021 
0.010 
0.010 
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Length of the enamel of the face externally. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 013 
Length of the same posteriorly.. . . . . . . . . . .. . . . . . . . . . . . . .. .. . . . . .. ~ ... - . .. 0. 005 
Length of the crown of tile posterior upper molar ................. G.... . . . . 0. 016 
Width of the same. . . . . . . ........................... o ~ . "~. • • • • • • • • • • • • • 0. 012 
Length of the crown of the posterior lower molar . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Width of the same. . . . . . . . . . . . .. . . . . .. . . . . . . . .. . . .. . . . . . . . . . . . . . . • • . . . . . 0. 009 

Size about that of a fully-grown Peccary. 

OALAl\iODON, Cope. 

Report Vert. Foss. New l\Iexico, U.S. Geog. Survs. W. of lOOth M., 1874, p. 5; Id., Ann. 
Report U. S. Geog. Survs. W. of lOOth l\1:., 1874, p. 117; System. Cat. Vert. 
Eocene New l\fexico, U. S. Geog. Survs. W. of lOOth 1\I., 1875, p. 24. 

This genus is characterized as follows, from the material which I have 

been able to p~·ocnre: Lower jaw with one pair of large incisors growing 
from persistent pulps; each ramus with seven teeth following its incisor 
without interruption, the last ·within the base of the coronoid process. 
These teeth with simple roots, but not growing from pulps having a con­
tinued persistence. Crowns of the molars wit_h a transverse depression, which 
separates some low tubercles. Superior molars not certainly known. The 
superior incisors of two kinds, both differing from the inferior in having a 
squarely truncate grinding-face, instead of an oblique one, in which they 
differ totally from those of Rodentia. The larger have two enamel bands, 
an anterior and a posterior, and one side is concave. The smaller incisors 
have the anterior enamel band only, in the specimens preserved. 

A characteristic feature of the dentition in this genus is the thick 
coating of cementum 'vhich invests those portions of the molars and supe­
rior incisors which are not protected by enamet In these teeth, it is thicker 
than the enamel, and forms thickened raised borders surrounding the latter, 
producing a characteristic appearance not known in the other genera. It 

is not observable in the large inferior incisors. 
A part of the skeleton of one of the species is preserved It shows 

that the humerus was roh1.wt, and 'vas pierced distally by a large arterial 
foramen. Tho condy~,e:' ,_rre not 'very convex, nor the internal epicondyle 
so pro:::ninent as in sorao of the Creodonta. The head of the radius is :Hat 
and incapable of rotation, and is rather slender, while the nina is deep and 
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thin. An ungual phalange is stout and compressed, and but little curved, 
and without the basal she~th seen in the Carnivora and some Edentata. 

The exact homologies of the seven mandibular teeth are· obscure, and 

it is uncertain to how many the expression molar should apply. The two 
immediately following the incisor differ in form from the last five. 

The symphysis is solid and short; it project~ wedge-like between the 
large incisors, "-vhose anterior borders are closely approximated.· There is 

a large mental foramen. 

The typical species is the 0. arcamren'US. 

Calamodon arcamrenus, Cope. 

Plates xli, figs. 1:3-17; xlii, figs. 1-5; xliv, fi,g. 1. 

Heport Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 6; I<l., Ann. 
Ueport U. S. Geog. Sun·s. W. of lOOth M., 1874, p. 117. 

This species is represented primarily by a left mandibular ramus con­
taining a part of the incisor tooth, with which were found portions of the 

other ramus, ·with fragments of incisors, and two molars with entire erowns. 
These remains were a.ll found in immediate association, and evidently belong 
to a single individual. To this species, I refer inferior incisors, with rt few 

associated bones, of three other individuals. 
The 1na~dibular nnnus is stout · in all its dimensions, and the 

symphysis is completely co-ossified. The base of . the coronoid process 
is thickened anteriorly, and the p,scending portion forms an ascending 
rjdge, but the masseteric fossa is not defined belo'v nor antero-inferiorly. 
The inferior border of the ramus is inflected neither in\vaFd nor outward, 
as far back as preserved, i. e., the line of the condyle. The external 
face of the ramus is convex, and the thickness of the ramus dimin­
ishes very little anteriorly. It is fractured near the middle, but the 
alveoli for seven teeth behind the incisor are preserved. Of these, the 
last five are quite sirnilar in proportions, while the first two are of charac­
teristic forms. Ho"v n1any of thern should be regarded as molars, and how 
many, if any, canine and incisors, the material is not sufficiently complete 
to enable n1e to detern1ine. The posterior two alveoli are subquadrate, 
with rounded angles; the three preceding the1n are n1ore nearly round 
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in section. 'l'he second tooth is peculiar, and having its transverse diameter 

. twice as great as the antero-posterior, its position in the jaw is thus 
transverse. The root is like that of the other teeth, simple, but is slightly 
constricted on both the wide faces at the middle; its position near the 

ascent of the large incisor causes it to be a little shorter than that of some 

of the others. Th~ first nutndibular tooth is small; its alveolus is triangular­

oval in section, the longer and oblique side being internal, an.d extending 
alongside of the large incisor three-quarters of its length. It is possible 
that this tooth should be reckoned as an incisor. 

A well-preserved molar contracts downward to the base of the root, 

which is not twice as long as the crown. The latter has perpendicular 
sides, and one of its diameters is a little longer than the other. The enamel 
investment of the crown is uninterrupted on the sides, but has an irregular 
line of contact with the superficial layer of the root. If the side where 
the enamel descends lowest, be, according to the analogy of qther species, 
the external, the boundary on the inner side is a little higher and oblique; 
it is angulate on the narro,ver end, and deeply notched at the wider end. 
The former 'viii be, according to the analogy of other species, the anterior. 
It supports a transverse yoke, partly divided into two tubercles, whose long 
axis is also transverse. The posterior end of the crown supports two much 
smaller tubercles, which form the central part of a crescentic elevation of 
the border of the crown. One apex of this crescent is separated fron1 the 

anterior yoke by a deep fissure; the other apex is contracted within the 
border of the crown, and, descending, extends to the basis of the anterior 
yoke, resetublirig the oblique yoke of the inferior.molars of Ectoganus and 
Estlwnyx. Centei· of the crown concave; no cingula, except a trace at the 
middle base of the anterior yoke. Enamel smooth. Fragments of incisor 
teeth accmnpanying this jaw exhibit srnooth enamel, without longitudinal 
grooves or strire, and without transverse lines of growth or rugosities of 
any kind; the section of this face is uniformly convex. A portion of the 
middle of the incisor in the jaw shows a shallo'v longitudinal groove near 
the posterior externallnargin. rrhe incisive alveolus extends to below the 
third molar from be bin d. 
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. Meas'ltrements. 

Leng~h of the ramus to and including the last. molar ....................... . 
Length of the ~arne to t;be base of the coronoid ........................... . 
Length of the five molars alveoli .......................................... . 
Length of the alveolus of the penultimate........... . . . . . . .............. , .. 
Width of the same ..................................................... . 
Length of the alveoli of the first and second teeth ........................ . 
Length of the alveolus of the second tooth ................................ . 
Widt)l of the same ...................... ~ ............... .' ............... . 
Length of the alveolus of" the first tooth ................................... . 
Width of the same ......................................................... . 
Width of the inner side of the incisive alveolus ........................... . 
Depth of the ramus at the antepenultimate molar ......................... . 
Depth of the same at the antepenultimate molar .......................... . 
Length of the crown of the inferior molar ..............................•.. 
Width of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. ~ .. 
Elevation of the same (greatest) ....................... ~ ................. . 
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~1. 

0.128 
0.098 
0.075 
0.013 
0.013 
0.025 
0.010 
0.0:!3 
0.010 
0.009 
0.023 
0.053 
0.030 
0.015 
0.013 
0.013 

A nearly entire inferior incisor accompanying some bones of uncertain 
reference appears to belong to this species. It forms _nearly a regular arc 
of 73° of a cir~le of om.095 in diameter, but is not in one vertical plane. 
The anterior face is turned somewhat outward; the external face of the 

tooth thus becoming oblique, while the other is nearly plane. The posterior 
border is rounded, and maintains a uniform thickness and a uniforn1 distance 
.from the anterior face to· its distal termination. This termination is an 

abrupt truncation about an inch short of the apex, which is worn from a 
thin enameled edge backward and outward. The mark of attrition of the 
superior tooth is distinct three-quarters of an inch below the truncation, on 
the inner side. The sides of the tooth are shallowly concave, the oute~ 
most so. The enamel band extends a little farther back on the outer side, 
and its section is widely convex without any grooving, except a shallow 
concave line near the inner border. The apex is perfectly smooth; lower 
down there are faint longitudinal ribs. 

~Measurements. 
M. 

Length of the incisor on the convexity .. , . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.135 
Antero-posterior diameter below the apex...... . . . . . . . .. . . . . . . . . . . . . . . . . . . .. 0. 030 
Antero-posterior diameter at the base ............... ·... . . . . . . . . .. . . .. . . . . . . 0. 031 
Transverse diameter below tbe apex anteriorly. . . . ... ~. . . . . . . . . . . . . . . . ~. . 0. 016 
Transverse diameter belew the apex posteriorly. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 0. 010 
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An incisor of another individual displays the same characters; i.e., the 

posterior trnncation belo'v the apex, the equal antero-posterior diameter, 
and the broadly convex ungrooved front. The size is a little smaller. A 
portion of a third individual is similar. 

Calamodon simplex, Cope. 

Plates xlii, figs. 6-8; xliii; xliv, figs. 2-5. 

Report Vert. Foss. New Mexico, U.S. Geog. 8urvs. W. of lOOtb lH., 1874, p. 5; Id., Ann. 
Report U.S. Geog. Survs. W. of lOOth M., 1874, p. 117. 

The remains of this species were found rather more abundantly than 

those of the C. arcarn03nus, fron1 which it differs but little in dimensions. It 
1nay be distinguished by the form of its inferior incisor teeth, which are 
more robust and more roughened by longitudinal striro or grooves. The 
most marked of these is a shallow concavity n·ear the external posterior bor­
der, which destroys the regular convexity seen in the C. arcanuenus. The 
median portion of the face is more protuberant, and the investiture of enamel 
extends more posteriorly on both sides, the external bord~r lying along 

the summit of a low longitudinal rib of the dentine. The posteri~:n· border of 
the shaft contracts gradually to the trenchant apex in front, as in Ectoganus 
gliriformis, and is not truncate, as in C. arcammn~ts. 

The specimen of this species first described consists of portions of 
inferior incisors and a 1nolar. The former are larger than those of the C. 

arcammnus, and the enamel face is protuberant, having a greater posterior 
extent than in that species; one side is gently convex, and is marked with 
a number of obsolete longitudinal ribs; the opposite face is turned outward 
at its posterior border, forming an open concavity. This side also is marked 
by obscure longitudinal ribs. The enamel surface is obsoletely rugose, 
except near the apex, where it is smooth. The molar is elongate, simple, 

and gently curved. ltH section is obtusely subquadrate, and the external 
face, whieh is convex longitudinally, is also 1nore convex in cross-section 
than the other sides. The external face has an investiture of enamel to 
near the base, 'vhile the dentinal surface extends to near the triturating sur­
face on the anterior and posterior faces. The enan1el of the inner face 
descends to a pointed extremity which marks half the length of the external 
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enamel face. rrhe triturating surface is nearly round, excepting a s1nall 

entering loop of enamel on the inner side. It is worn obliquely, an angle 

of the circumference projecting beyond the rest. The ena1nel is 1narked by 

obsolete longitudinal .. riblets. The root cont.raets downward. 

Diameter of the enameled part of the incisor { ltran~vedr~e 
1
· · · · · · ·· · · · · · · · · · · · 

ong1tu ma ................ . 

Diameter of the base of the crown of the molar { 1tran~tvedr~e 1
· · • • • · · • • • • • • • • • 

. ong1 u ma ............... . 
Length of the crown of the molar on curve ................................ . 

]\f. 

0.019 
0.015 
0.015 
0.015 
0.041 

The molar tooth of this specimen differs from the one described as 
belonging to the 0. arcammnus. It is more prismatic and curved, and the 

enamel is more unequally distributed on its sides. The crown is more con­

tracted. These differences are important, and are not dependent on attri­

tion, since the short-crowned molar, that of C. arcamr.enus, is unworn, and 
the long-crowned one of 0. si1nplex is considerably so. 

Another ir:tdividual is represented by more abundant remains. It 
includes infe!ior and superior incisors, a molar, and portions of the craniun1 

and limbs, especially humerus, ulna, radius, magnum, unguis, scapula, etc. 

The inferior incisors present the features already ascribed to .the spe­
cies. The superior incisor is a remarkable tooth, and has associated with it 
a smaller curved incisor, which appears to me to belong to the same ja-w, 
although this point is uncertain. 'rhe large tooth is equal in antei·o-posterior 
diameter at the base and at the masticating face, and is gently curved. It is 

flattened in an antero-posterior plane, which is slightly twist~d. The enamel 
faces ~re cqnvex and oblique in reference to the cross-section, the supero­
anteriot one especially declining to one side. ':I:'his side is excavated into 
a shallow channel from one end· to the other. The opposite side of the 
tooth is nearly plane or slightly convex at the masticatory face, and a little 
more concave near the root. The triturating surface is truncate. The 

enamel is smooth, excepting minute transverse lines of growth. The small 
incisor differs from the large one in having, like the inferior, only one face, 
the convex, protected by enamel, which is a narro·w· strip. The shaft is 
Cln~ved, and is oval in section. The masticating surface is transverse. The 
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cementum layer is very thick. The molar is n1uch worn, and has a cyclo­
tetragonal section. The triturating surface displays no irregularity of form. 
'I'he inferior enamel border is deeply emarginate anteriorly, posteriorly, and 
interiorly. 

The recognizable cranial fragments are few. rrhe condyle of the lower 
jaw has considerable transverse extent, and fragn1ents of the ramus sho'v it 
to have been robust, and with the base of the coronoid process projecting 
laterally, and separated by a ledge from the posterior molars, which extend 
within it. 

A large part of the shaft of the right humerus, with half or more of the 
condylar extremity, is preserved. The fonner presents a deep bicipital 
groove, with especially 'vide deltoid ridge. The latter is, in fact, two 
ridges, presenting in opposite directions, with a plane between. There is 

also a postero-external longitudinal angle. The proportions of the hum­
erus were stout, but cannot be exactly detennined, owing to the lack of a 

portion of the shaft. The inferior extremity is transversely expanded, dis­

playing a moderate internal epicondyle. The arterial foramen is protected 
by a strong osseous bar, whose convex border projects a little farther than 
the internal tuberosity. The fla~ge bordering the articular condyle within 
is obtuse and moderately prominent. The articular face is strongly con­
cave transversely, but is incomplete in the specimen. 

The ulna and radius are entirely distinct, and the former maintains its 
proportions toward the distal end. Both extrmnities are wanting in tho 
specimen. Tho shaft is strongly co1npressed; the inferior margin is 
rounded, and becomes oblique and expanded at the olecranon. The latter 
is well produced, ancl has an oval triangular section near the end. The 
humeral cotylus is shallow, but well flared on both sides. The inferior 
border of tho ulna describes a very gentle. sigmoid in profile. The head of 
the radius is flattened-transverse, and is almost, occupied by a nearly uni­
form concavity. rrhe shaft immediately contracts, and soon acquires a sub­
triangular section, with tho external face vertical. It expands again toward 
the distal extremity, which is lost. 

The os magnwn is deeper than long behind, and half as long again 
hehinrl m; hefon~, where itH length ]s exceeded hy the wjdth. 'I~he inferior 
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face is eonvex transversely in front, concave in all directions behind the 
front. The two superior facets are distinct, and it is only one of them 
whose plane rises into the posterior elevation. On the side of this, the lateral 
facet is distinct to the front. An ungual phalange h preserved, but ·wants 
the inferior surface. It is compressed, its superior angular line obtuse, and 
but little curved antero-posteriorly. The apex is moderately fissured. The 
proximal articular face is composed of two vertical concavities separated by 

a well-marked vertical angle. _Its superior border is produced backward. 
The sides of the phalange are pierced by numerous nutritive foramina. 

111.easurements. 

Length preserved of the htrge superior incisor ................................... . 
Length preserved of the posterior enamel face .............................. . 
Antero-posterior diameter of the grinding-face of the same ......... _ ....... . 
Transverse diameter of the same ......................................... . 
Transverse diameter of the same at the middle . . . . . . . . . . . . . . . . ............ . 
Transverse diameter of the small incisor .................................. . 
Antero-posterior diameter of the same .................................... . 
Transverse diameter of the inferior incisor .................................... .. 
Antero-posterior diameter of the enameled part of the same ......... ~ ..... , .... . 
Transverse diameter of the molar ......................................... . 
J.Jong diameter of the humerus at the deltoid ridge ........................... _ . 
Short diameter of the humerus at the deltoid ridge. . . . . . . . . .. . .. . . . . . . ...... . 
Diameter of the shaft above the arterial foramen .......................... . 
Diameter of the arterial foramen . . . . . . . . . . . . . . . . . . . . . . . .................. . 

M. 
0.045 
0.029 
0.019 
0.009 
0.008 
0.005 
0.009 
0.015 
0.014 
0.·018 
0.035 
0.025 
0.034 
0.010 

Extent of the pr~jection of the inner tuberosity . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 016 
Estimated extent of the distal end of the humerus.... . . . . . . . . . . . . . . . . . . . . . . 0. 060 
Depth of the ulna at the middle . . . . . . . . . . . . . . .. . . . . . . ............ ·. . . . . . . . . . 0. 029 
Width of the ulna at the middle . . . . . ........... - ..................... - r , • 0. 011 
Width of the ulna at the olecranon ............................. _ . . . . . . . . . . 0. 024 
Width of the head of the radius ........................... - . . . . . . . . . . . . . . . 0. 032 
Depth of the sa rue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 0. 018 
Depth of the shaft at the middle . . . . . . . . . . . . .. . . . . . . ............... _ . _ . . . . . . . 0. 012 
vYidth of the shaft at the middle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 014 
Length of the cuboid iu front.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 0. 010 
Length of the cuboid behind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 016 
Width of the cuboid in front ............... · ...... :. ...... ~. . . . . . . . . . . • . . .. . 0. 015 
Length of the ungual phalange .. ... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 030 
Width posteriorly ..... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 013 
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In a third individual, tho large lo,ver inciKor give~ tho following dimen­

sions: 
1\1, 

Antero-posterior diameter "... . . . . . . . . . . . . . . .............. _..... . . . . . . . . 0. 030 
Transverse diameter at the border of the enamel u •••.•••••••••• - •••••• o • r • • 0. 018 

Fragments of incir;or teeth of several other individuals display shnilar 

proportions. The species was about the size of a rrapir. 

ltODENTIAo 
Rmnains of Rodent~ are not abundant in the Eocene beds in that part 

of N o'v Thiexico examined by n1e. They represent but three species of the 
single genus Plcsiarctomys, which is tho characteristic fonn of the Bridger 

beds of Wyoming. 
PLESIAROTOMYS, Dravard. 

Plesiarctornys, Bra yard, Ossemens fossiles de Dcsbruge, 1850, p. 5.-Gcrvais, Paleonto­
logic frangaisc explic., tab. 36, p. 4. 

?Paramys, Leidy, Report U. S. Gcol. Snrv. Terrs.) 4 to 7 i, 187:j, p. 109; J>roc. Phila . 
.A.cad., 1870 tname only). 

The inferim.· 1nolars by which this genun has been generally known 

resmnblo much those of existing Sciuridce, but there are cranial characters 

which distinguish it frmn the existing ~orn1s of that family. 
'rho crowns of the inferior molars support four rather sn1all and strictly 

marginal tubercles, 'vhich inclose a median valley. The anterior inner 
tuberelo is more elevated than tho others, a-eel the posterior two tubercles 

are connected by a lo"r ridge on tho posterior border, which 1nay be more 
or less tubercular on tho last 1nolar. In sorne of the species, the marginal 
tubercles are n1orely elovation·s of the margin, while, in others, the adjacent 

tubercles of a pair approxinutte, so as to fonn a pair of interrupted cross­
crests. A n1axillary bone supporting three 1nolars displays characters of 
value. The details of tho ero,vns of the superior molars are similar to those 

of tho inferior series; except that, in the species examined, the inner tubercles 
are more unequal, tho anterior occupying most of the border. There is a 
large round foramen infraorbitale exterius, like that of Ischyromys and Fiber, 

and entirely unlike that of Gymnoptych~ts and Sciurus, conforming in this 
respect to the forms of the extinct group of the Protomyidm of Pomel. The 
inci~or teeth are eoulpreHt5ml, with narro'v anterior f~tco. Tho enamel is not 
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grooved, and is little or not at all inflected on the .inner side of the shaft, 
while it is extensively so on the external face. 

No characters have yet been offered by ·which to distinguish the 

American species as representing a genus distinct from the Plesiarctornys 
gervaisii of the French Eocene. Bravard briefly distinguishes the genus as 

distinct from .A.rctomys in the greater thickness of the angles of the molars, 

which thus become tubercles. Only the mandible and mandibular teeth of 

the P. gervaisii are known. It has been found in the Upper Eocene of 
France, near Perreal, Apt. 

Plesiarctomys buccatus, Cope. 
Plate xliv, fig. 8. 

This Rodent is represented in the collections of the Survey by a right 
maxillary bone with adjacent parts of the cranium of one individual. 
rrhree molar teeth are perfectly preserved. The proportions ~re less than 
those of the P. delicatissirnus, but larger than those of the P. ttndans. 

The malar process of the maxillary· bone is largely extended. in an 
antero-posterior direction as well as transversely, so that in the perfect skull 
it is p1~obable that the orbit has a largely vertical direction. The malar 

process has a concave border, both anteriorly and posteriorly, being bounded 
by the orbit behind, and the large !~amen infraorbitale anterius in front. 
Its inferior face is divided into tw<? planes by an angle, which extends out­
ward at right angles to the longitudinal axis of the skull. 

The outlines of the triturating faces of the n1olars are between quadrate 
and circular. They support four low tubercles, two each on the external 
and internal l}orders. 'I'he posterior inner is much s1naller than the anterior 
inner, and incloses wHh the two external a concavity. On the anterior and 
posterior borders of the crown there is a low cinguluJ1,1, but none on the 
inner and outer borders. Enamel srrwoth. 

J.lf easurements. 
M. 

Lengths of the crowns of the three molars .............. _ ............ _.... 0. 0080 
Length of the crown of the third molar . .. . . . . .. . . . . . . . . . . . .. . . . . . ..... .. . . 0. 0027 
Width of the same. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0030 
Length of tbe crown of the first molar. _ .......... · ........... : ...... _ . . . . . 0. 0025 
Width of the same ......... · ..................................... ;. . . . . . . . 0. 0030 
Ante.ro posterior width of the base of the malar process of the maxillary bone 0. 0050 
Horizontal diameter of the forttmen infram·bitale exterius . . . . . . . . . . . . . . . . . . . 0. 0028 
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Plesiarctomys delicatissimus, Leidy. 

Plate xliv, figs.!.) and 1~. 

Pararnys ilelicatissimus, Leid~·, Proc. Acad. Phila., 1871, p. 231; Report U. S. Geol. 
Surv. Terrs., i, p. 111, pl. Yi, figs. 28-29. 

I obtained a·portion of a mandibular ramus of one individual, which 

agrees in measurements and other characters with the species above named. 

rrhe jaw supports the second and third molars, and a considerable portion 

of the incisor. An isolated incisor of another animal of this species is 
figured on the same plate (q. v.). 

The ramus is compressed, and not robust in its proportions, although 
deep in proportion ·to its length. The diastema is short, and the 1nental 
foramen is just below the anterior border of the first molar. rrhe masseteric 
fossa extends to the line of the posterior border of the third molar. 'rhe 
four tubercles ·which distinguish the molars of this genus are here elevations 
of the border of the crown, and they inclose a large basin. The anterior 
inner is the highest. 

Jlfeasurements. 
M. 

Length of tile three anterior molars ..... : . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . 0. 0100 
l;engtil of the third molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0030 
Width of tile same ... _. .............................. ·... . . . . . . . . . . . . . . . . 0. 0020 
Length of the first molar ..................................... ., ......... _ . 0. 0038 
Width of the same.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0026 
Depth of the ramus at the second molar........................... . . . . . . 0. 0094 
Diameter of the incisor5 antero-posterior··· · · · · · · · · · · · · · · · ft • • • • • • • • • • • • • • 0. 0033 i transverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0020 

'rhese measurements sho·w the difference in size between this animal 
and the Po buccatus. 

Plesiarctomys delicatior, Leidy. 
Plato xliv, figs. 10-11. 

Pa.rmnys delicatior, Leidy, Proc. Acad. Phila., 1871, 231; Leidy, Heport U.S. Geol. 

Surv. Terrs., 1873, i, l'· 110, p1. vi, 26, 27; pl. xxvii, 16, 18. 

Two mandibular rami indicate that this species was a 1nember of the 
Wasatch fauna of New Mexico. They are more robust than those of the 
P. delicatissimus, the. incisor teeth are wider, and the tubercles of the molar 
teeth more strongly pronounced. The opposite pairs of tubercles are more 
or less connected by low ridges, a point especially marked in the anterior 
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pair of the second molar, and the posterior pair of the third. T'he fourth 
molar is the largest, having an additional or fifth tubercle posteriorly, thus 

inclosing a longer basin than do the borders of the other molars. The 

inner anterior tubercle is the most elevated, and there are no cingula. 

Jlfens1wements. 

Length of t.he posterior three molars ............................... . 
Length of the posterior molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Width of the same.~ .................................................. . 
Length of the second molar ........................................ : ... . 
Width of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. · .. . 
Depth of the ramus at the second molar..... . . . . . . . ..................... . 

Diameter of the incisor~ antero-posterior···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
( transverse ......... :. . . . . . . . . . . . . . . . .......... . 

GENERA INOERTJE SEDIS. 

PHENACODUS, Cope. 

M. 
0.0112 
0.0042 
0.0032 
0.0035 
0.0027 
0.0104 
0.0040 
0.0027 

Phenacod~ts, Cope, PalPontological Bulletiu, No. 17, p. 3, 1873; Report Vert. Foss. 
New Mexico, D. S Geog. Sun·s. W. of 100tb M., 1874, p. 10; Id., Ann. Re­
port U.S. Geog. Survs. "V. of 100t1J M., 1874, p. 122. 

A genus of Mammals ·whose affinities it is not yet possible to state 
with certainty, first discovered by ·myself in the Wasatch beds of Bear 
River, Wyoming, was found not uncom1nonly in the corresponding horizon 
in New Mexico. 

rrhere are three molars in each jaw, and the specimens include two 
premolars, ,vhich form a continuous serjes, as in Acluenodon. There are 
four principal tubercles on the inferior molars, and sometimes a third small 
one between the posterior pair, always present on the last one, which is, how­
ever, not largely developed. The first ·inferior premolar presents a broad 
heel, a double median tubercle, and an anterioi· tubercle (in P. primcevus ). 
The crowns of the superior molars are lo'v and broad, and support numerous 
tubercles; these are low and vary in number, but there are two near the 
external border which are quite constant. rrhey have general resemblances 
to those of Hogs, Bears, and Monkeys. The first true molar is broader 
than long, and there are no diastemata between it and the premolars, or 
between the latter, which are iri·egularly quadricuspid and tricuspid respect­
ively. The forms of these teeth are entirely different from those of the 
correspond'iug teeth in Elotheriu.m. 
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The dentition of the anterior parts of the jaws of the species referred 

by me to Plwnacodus is unknown, but tho pren1olar and molar teeth are 

sirnilar in character to those of the genus Palceoclnerus of the French 

Eocene. Tho well-marked external crescents are, however, characteristic, 

and the details of structure of the molars so closely resmnble those of 

Opistlwtomus and Tomitlwrium that I entertain a suspicion that this genus is 

allied to them. If so, it includes the largest of the pri1nitive Eocene 

l\1esodonta, the P. primcevus equaling the Orang in the size of its jaws. 
r:t,here are abundant specific peculiarities distinguishing the French and 

American species, the upper molars of the latter resembling in a greater 

degree the genus Olueropotamus. 

Phenacodus primrevus, Cope. 

Plate xlv, figs. 1-5. 

Cope, PaleontologicaJ Bulletin, No. 17, 1873, p. 3; Report Vert. Foss. New Mexico, 
U. S. Oeog. Snrvs. W. of 100th M., 1874,"p.10; Id.~ Ann. Report U.S. Geog. 
Sun·s. W. of lOOth M., 1874, p. 122. 

rrhis species was first recognized by the writer in a posterior inferior 

molar of a Mammal of about the size of a Peccary, of unknown affinities, 
·which was named P. primaJvus. Specimens of the same species, embracing 
tho dentition of both jaws, having been procured in the Eocene of New 

l\1exico, I have been able to add to the characters of the genus. The 

remains certainly referable to it include only frag1nents of jaws with denti­
tion of si.x individuals, the n1ost perfect mnbracing five superior and four 
inferior Inolars, all found embedde~ in the rock in immediate juxtaposition. 
A detailed description of this specimen is given belo·w. 

'rhe }Jenulti1nate superior premolar, viewed from below, exhibits the 
outline. of a right-angled triangle, with the short base anterior, and directed 

at a right angle to the exterior side. The outer portion of the crown consists 
of a rather low compressed cusp, marking the posterior third of the length. 
The edge which connects it wit~ the anterior base, is interrupted at its 
1niddle by a low tubercle. The inner part of the crown is produced into a 
stout, pron1inent cusp, which is opposite to the anterior outer tubercle just 
described, and is separated from it by a wide longitudinal valley. 'I'here 
nro no other tnhereles, mHl 110 basal cingula, except a trace at the posterior 
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exterior base. The narrowing of the posterior part of the crown of this 

tooth is a peculiar feature, reversing the proportions frequently seen in teeth 

in the san1e position. It corresponds in this respect with the last inferior 

premolar, and was found in place as des~ribed. 

The last premolar is subrou:nd in the outline of the base of the crown. 
My notes, taken at the time of discovery, state that it supported four tuber­
cles. A fragment has been lost fron1 the anterior part of the crown, so that 

a tubercle may be missing; but the ren1aining and principal part of the 

crown now supports four_ tubercles of une·qual sizes. There is, on the outer 

side, a prominent one over the posterior root, and a n1uch smaller n,nd lower 

one in front of it. On the inner part of the crown, there is a stout and 
prominent tubercle, opposite the notch between the two external ones, and 

separated frotn the latter by a deep longitudinal valley.- At the posterior 
part of this valley, near the very convex posterior border of the crown, is 
a low tubercle. There is a trace of a cingulum on the external base of the 

crown, and a cingular tubercle at the posterior lo·w tubercle just described. 
The first true molar differs in its form from the second an'd thir~, 

which nearly resemble each other. The crowns of the latter consist of two 
external and two internal low, conic tubercles, which stand considerably 
within the base on both sides. A lower tubercle stands between each- pair 
of the anterior, exteri~)l', and posterior sides, but none between the interior. 
The crown of the first molar is considerably broader than long, and sup­
_ports five low, conic tubercles. One of these is on the posterior external 
angle; one is within the inner extremity; two are on the anterior border, 
and one on ·the posterior border of th~ crown. Besides these, there ·is a 
strong cingulum round ~he inner extretnity of the crown, which rises almost 
as high as the inner tubercle described. There is a tubercular cingulum 
along the posterior border, and one round the ba,se of the outer anterior 

tubercle, but none on the external base of the crown. 
Besides the characters already assigned to ·the last two molars, it may 

be added that they possess a basal ledge all round, which is in some places 

weak; in others, especially at the posterior outer angle, qui~e prominent. 
rrhe enamel of all the molars is, 'vhere not worn by mastication, slightly 
wrinkled. 
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.. lleasurements of super·ior molars. 
M. 

Length of the last five molars . . . . . . . . . . . . . ............................ ~. 0. 004 
l;ength of the penultimate premohlr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 0. 012 
'Vidt.l1 of the same....... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 010 
Height of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 008 
Length of the last premolar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 013 
vVidth of the same,..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 013 
l;eugtll of the first true molar... . . . . . . . . . . . . . . . . . . . .............. :. . . . . . . 0. 011 
Widtll of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 016 
Height of the same ..... # •••••••••••••••••••• _... • • • • • • • • • • • • • • • • • • • •••• 

Length of the last true molar ............................................. . 
Width of the same ..................................................... . 
Height of the same . . . . . . . ................ _ ............................ . 

0.007 
0.015 
0. 01-i 
0.006 

'rhe posterior inferior molar of the same side is wide in front, and reg­

ularly oval in posterior outline, and has two equal anterior and three une­
qual posterior tubercles .. One of the posteriors is situated nea.r the middle 
of the onter side, and is separated from the adjacent anterior by a deep 

groove. The eorresponding inner tubercle is n1ore posterior; anterior 

tubercles low, trihedral, and connected by a shelf-like cingulum across the 

front of the tooth; rudimental cingula on outm~ side of crown. The penulti­

mate molar has three tubercles on the posterior border; and a deep fissure, 

corresponding to that of the last molar, separates one of them from the 

rLnterior tubercle. In all of the true molars, the posterior outer tubercle is 
connected with the ante.rior inner by a low oblique ridge, 'vhich forms the 
external border of a shallow basin-like concavity of the crown. The ante­

rior inner tubercle is stouter than the anterior outer, especially in the first 
and second true n1olars; in the latter, it has a posterior enlargement, which 
iB, in the former, separated fro1n the anterior part by a fissure-like groove. 
'rhe last premolar is longitudinally oval at the base, the anterior extremity 
the narrower. The crown supports two 1nedian tubercles, the outer the 
moro elevated and anterior. There is an angular basal tuberosity in front, 
and a posterior heel-like portion. rrhe external angle of this part is broken 
away, but it probably supported a tubercle, as an oblique ridge extends 
fron1 its position inward and forward. No internal posterior tuberele. 

'rhe portion of the n1andibnlar ramus preserved presents nothing 
remarkable. It is Htont and convex on the external face. The coronoid 
process rises rather abruptly a short distance hehind the la8t 1nolar, and the 
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inferior border of the jaw does not rise noticeably below the masseteric 
fossa. 

Measurements of mandible and teeth. 
M. 

Length of t.he last four molars.... . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0575 
Length of the last premolar...... . . . . . . . . . . . . .. . . . . . . . .. . .. . . .. . . . . . . . . .. 0. 0135 
Width of the same. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0085 
Height of the cro\vn of the last premolat· ~......... . . .. • . . . . . . . . . . • . . . . . . . . 0. 0080 
Length of the penultimate molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0140 
Width of the same. . . . . . . . . . . . . . . . ................. ·..... • . • . . . . . . . . . 0. 0125 
Length of the last molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0. 0140 
\Vidtb of the same ... ;.. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 0100 
Ht>:ight of the crown of the last molar..... . . . . . . . . • . . . . . . . . . . . . . . . . . . .. . . . . 0. 0070 
Depth of the ramu~ at the second true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0310 
Thickness of the same . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . .. . . 0. 0170 

Portions of both mandibular rami of another animal present some addi­
tional features. One of them contains the last three molars, which a.re more 

worn than those of the specimen previously described. The section of the 
tubercles given by the attrition is characteristic. Those of the internal 

and posterior ones are subcircular ; those of the outer are subcrescentic, the 
anterior angle being produced forward and inward. The ramus is relatively 

shallower than in the sp~cimen above described, as can be seen by the 
tneasurements appended. This is thought to be due to the fact that the jaw 
of the latter has been somewhat crushed by pressure on its sides, so that the 
measurement of depth exceeds the normal. 

Measurements. M. 

-Length of the true molars . . • . . . • . . . . . . . . . . . . . . . . • . . . . . . • • . . • . • . . . . . .. • • . • • 0. 040 
Length of the penultimate molar. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • . . . . • 0. 013 
Width of the same .................... , .......................•...• _..... 0. 012 
Depth of the ramus at the penultimate molar . . . . . . . . . . . . • . . . . . . . . . . . . . . . • • 0. 023 
Thickness of the ramus at the penultimate molar . . . . . . . • . . . • . . . . . • . . . . . • • • 0. 017 

The measurements of a third individual are as follows: 

Measurements. 
Length of the last molar. . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . ................•• 
Width { anteriorly ........ : . ................. · .......... ~ ........•......•. 

between two posterior tubercles ................................. . 
Elevation of the anterior cusp from base . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . ~ •• 
Width of the penultimate molar belJind ................................... . 

M. 
0.015 
0.011 
0.005 
0.008 
0. 010 

The jaws and teeth of this species represent an animal of the average 
size of the White-lipped Peccary Dicotyles labiatus. 

12 G R 
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Phenacodus omnivorus, Cope. 

Plate xlv, fig. 6. 

Report Foss. Vert. New 1\fexico, U. S. Geog. Survs. W. of lOOth M., 1R74, p. 11; Id., 
Ann. Report U. S. (}eog. Survs. \V. of lOOth l\f., 1S74, p. 12~. 

This quadruped is represented in the collections by a single superior 
molar tooth, which occupied either the last or penultimate position in the 
jaw. Besides being of much smaller size than the corresponding tooth in 
the Phenacodus primcevus, it differs mueh in the composition of its parts. 
Thus, the anterior outer tubercle is obsolete,_ and the anterior inner is a part 
of the cingular developtnent. The posterior inner is relatively twice as 
large as in P. primcevus, where it equals the anterior inner. The interme­
diate tubercles (except the external), and the cingulum, are more largely 
developed than in the larger species. 

Superior molar with low and broad tubercular crown, with outline of 
base parallelogrammic, with the external end oblique; the oblique end with 
two principal low tubercles, which form the extremities of two series of 
similar ones, some of which arise from the strong cingulum which forms part 
of the sun1mit of tne crown. Crown without cingulum on the .outer side 
only; elsewhere very strong and crenate, at the inner anterior angle rising 
into a stout, low tubercle. The largest tubercle is near this, on the inner 
anterior summit of the crown, and is connected with the larger or anterior 
outer by a low, broad tubercle. A sn1aller one intervenes between the cin­
gular tubercle and the smaller external. The outer tubercles low and broad, 
a smaller one opposite the internal between them in the position of a cingu­
lum. Enamel coarsely rugose. 

.J.li easurements. 
M. 

Transverse diameter ........... d •••••••••••••••••• -. • • • • • • • • • • • • • • • • • • • • 0. 014 
Longitudinal diameter ..........•...... -..... . . . . . . . . . . . . . . . . . . . .. . . . . . . . . • 0. 010 
Distance between the apices of the inner and outer tubercles . . . . . . . . . . . . . . . . 0. 007 
Elevation of the cingulum ...... _..... . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . • 0. 004 
Elevation of the outer cusp . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. . . . . . • . . . . . . . . • 0. 005 . ~ 

The tooth described is about the size of the posterior inferior molar of 
the Black Bear ( Ursus americanus). 
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Phenacodus sulcatus, Cope. 

Plate xlv, fig. 7. 

"Report Vert. Foss. New Mexico, U. S. Geog. SurvA. ,V, of lOOth M., 1874, p. 11; Id., 
Ann. Report U. S. Geog. Survs. \V. of lOOth 1\I., UH4, p. 1~3~ 

Represented especially by the 1nolar tooth corresponding to that above 

described, under the .head of P. omnivoru.s, in good preservittion. It is a 

species considerably less than half the size of the one just named, and pre­

sents several important differences of structure. Of the two outer tubercles, 

one is very sn1all, and there is a third adjacent to the larger, produced by 
the posterior enlargement of the cingulum. As in P. mnnivorus, the cingu­

lum extends entirely round the remainder of the crown, and is tubercular 
on the anterior side, or that of the least outer tubercle. The inner tubercle 

is connected with the larger outer by an intern1ediate one of elongate form, 
so that the series when worn down resen1bles the transverse ridge of the 
superior Inolar of Hyracotheriurn, and which is separated by a groove fro1n 
the cingular ridge on each side. 

Measurements. 
M. 

Transverse diameter .....................•. ·... . ........ - .. n •••••••••••••• 0. 008 
Longitudinal diameter . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . .. . . .. . .. .. . .. . . .. . • 0. OOG 
Distance between the apices of the inner and the outer tubercles . . . . . . . . . . . . 0. 004 
Elevation of the cingulum.............. . .. . . . . .. . .. . . . . .. . . .. .. . . . • . . .. . . 0. 002 
Ele\;ation of the outer cusp . . . . . . . . . . . . . . . . • . • . .. . . . . . . . . . • • . . . . . • . . . . . . .. . 0. 003 

Size similar to that of the corresponding tooth of a Coati. 

AM BI .. YPODA. 
Cope, System. Oat. Vert .. Eocene New Mexico, U. S. Geog. Survs. W. of 100th M., 1875, 

p. 28. 

MaJ?malia with small (~smooth) cerebral hemispheres, which leave the 
olfactory lobes and the cerebellum exposed. The feet short and plantigrade, 
with numerous (in the known genera five) digits, terminating in flat hoof~ 
bearing ungual ph_alanges. The seven bones of the carpus distinct; the 
unciform articulating with the h~nar as well as with the cuneiform. The 
astragalus flat, without trochlear surface, and attached to the tibia with little 
fi·eedon1 of movement; its distal extremity divided into two facets, one for 
the navicular, and more or less of the other for the cuboid bone. Molars 
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invested with enan1el, with wide· crowns and transverse crests. A post~ 

glenoid process. 

The above characteristics are the only ones which can, in the author's 

estimation, be admitted into the ordinal category, for although t.he animals 

embraced in the Amblypoda present many other peculiarities, they are such 
as may readily vary within the li1nits of an order, and in fact do so in the 

families of many of the orders known to us. The above definition displays 

a double set of affinities, viz: those indicated by the structure of the feet, 
and those expressed by the type of the brain. The former exhibit the 

closest resemblance to the f~et of the Proboscidia, the approach being 
greatest in the hind foot. The principal difference in this extremity is seen 

in the extension of the navicular articulation over the entire distal end of 
the astragalus in the Proboscidia, while in the Amblypoda, the navicular is 
shortened, thus per~nitting the cuboid to con1e in contact with the external 
part of the distal extremity of the astragalus. The cuboid is alike in the 
two orders, having considerable transverse extent, and supporting the 
external two metacarpals on its distal face. This lengthening of the 
navicular is a specialty of the Proboscidia a1nong hoofed Mammals, the 
shorter fonn being characteristic of the lower types of both Perissodactyla 

and Artiodactyla, where the astragalus has two distal articulations. In the 
Perissodactyla, the extent of the navicular increases until the highest genus, 
the Horse, is reached, where it almo.st covers the entire end of the astraga­
lus; but, in the Artiodactyla, the extension of the cuboid over the astragalus 
does not diminish. The nearest approach to the distal articulation of the 
astragalus of the Amblypoda, outside of the order, is seen in the Miocene 

Perissodactyle genus Symborodon. Here the cuboid and navicular facets 
are flat, and separated by an oblique line, so as to be similarly incapable 

of hinge-like movement. The resemblance to the lowest Artiodactyla (e. g., 
Oreodon, Hippopotamus) is very remote, for there the two facets are parallel, 

offering a ginglymus to the articulating bones. 
The difference between the fore foot of the Amblypoda and that of the 

Proboscidia consists in the alternating position of the elements of the two 
(,arpal rows. This is also a character of the two other living orders of 
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hoofed ~iam1nals, and maintains itself with great persistency in both of 

them. It is essentially a primitive character, the alternating position being 
usual in the cold-blooded Vertebrata, and is the persistence of the oblique 

relation of the original divergent branching rays, to which digits have been 

traced. In tl{e Proboscidia and Hyracoidea, the elements of the two rows 
assume an opposite and longit_udinal relation. The structure of the fore 
foot in the Amulypoda appears to be about equally related to that of the 
].Jroboscidia, the Perissodactyla, and the .Artiodactyla. 

In the cubito-earpal articulation, the resemblance is again to the 
I)roboscidia in the relatively large proportion of it belonging to the ulna, 
and the consequent lateral position of the latter bone. ~n this respect, it 
differs n1uch more fro1n the other two living orders of hoofed ~Iammals, 
although here again the lower forms of both resemble the .A1nblypoda more 
than do the higher forms. As is well known, both of the hoofed orders 
display a constantly din1inishing extent of the ulno-carpal articulation, and 

increase of the radio-carpal, until, in the Ilorse and Ox, the ulna becon1es 
a 1nere splint attached to the radius. 

'"rhe relationships indicated by the brain are to the lissencephalous 
orders Chiroptera, Insectivora, and Ecltntata. · As an ungulate ordei·, the 
.Amblypoda are distinguished from the first two, were other characters 
'vanting. We may here notice, however, so1ne curious resetnblances 
between the forms of the teeth and lower jaw of Coryphodon and son1e 
Insectivora, and the still 1nore curious resen1blance between the tibio-tarsal 
articulation in the ordei' and that of the cotemporary Creodont allies of 
the Insectivora. C01nparison ·with the ungulate forms of Edentata only is 
necessary, and from these the enamel sheathing of the teeth separates ·the 
.A·mblypoda at once. The s1nall size of the brain doubtless relates these 
animals to the other Eocene Ungulata, described by Lartet, still more 
nearly than to existing Lissencephala. In the small size and smoothness of 

the hemispheres, and relatively large development of the optic and olfactory 
lobes, the brain of the ArnUlypoda n1ore nearly resembles that of the 
Creodonta than that of any division of recent anin1als. rrhe resen1blance 
between the brains of A mblypoda and those of the Carnivorous Oxycena · 
itnd .Arctocyon (fide Gervais), is so great as to testify to a sin1ilar degree of 
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cerebral development in both the clawed and hoofed types of Eocene 
Mammalia. 

As a resztme of the relations of the Amblypoda, it may be said that 

they are the most generalized order of hoofed Mammalia, being interme­

diate, in the structure of their limbs and feet, between the Proboscidia, the 

Perissodactyla, and the Artiodactyla. This fact, together with the small size 

of the brain, places thern in antecedent relation to the latter, in a systematic 
sense, connecting them with the lower Mammalia with small and smooth 
brains, still in existence; and, in a phylogenetic sense, since they preceded 
the other orders in time, they stand in the relation of ancestors. It is 
doubtless true that the Amblypoda were the ancestors of all living Ungu­
lates, although no genus of the latter c~n yet be traced to any know:n 
genus of the former, such genera remaining for future discovery.* Standing 
in this antecedent relation, comparison with other classes of Vertebrata is 
in place. The proportionate size of the brain is, as has been discovered by 
Marsh in the Dinocerata, more like that characteristic of many Reptiles than 
of Mammals, and I may add that the in1movable tibio-tarsal articulation is 
a Re~tilian feature as well. .These are, however, but hints of a relationship 
doubtless very ren1ote. 

Before proceeding to a more detailed consideration of the genera of 
this order, I give the distinguishing characteristics of the two suborders 

into which they naturally fall: 

I. A third trochanter of the femur, and fossa for the round ligament; no 
alisphenoid canal; superior incisors present. . . . . . . . . . . . • ...•.... Pantodonta. 

II. No tllird trochanter nor fossa for the round ligament; an alisphenoid 
· canal; no superior incisors ...................................... . Dinocerata. 

The differences presented by these suborders are thus very decided, 
but they agree in some important points, not necessarily of ordinal value. 
rrhus the foramen ovale is distinct from the foramen lacerum anterius, and 
the meat2~s auditorius is not closed inferiorly.· In the first point, they a.gree 
with Symborodon and Rkinoccrus more than with any Proboscidia or Artio-

* A discussion of these and other general relations of the .Amblypoda may be 
found in a paper read by me before the American Association for tlle Advancement of 
Science, August, 1875, and publiRhed in tlle Penn Monthly Magazine, December, 1875. 
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dactyla. In the latter respect, they agree with the Tapirs, but not with other 

Ungulates, excepting a few Rhinocerida.. ·The cervical vertebrro are shott, 

and not united by ball-and-socket joint, and are intermediate in character 

between those of Proboscidia and other Ungulates. In both suborders, tho 

scapula is actiminate at its superior border and expanded behind, as in 

Proboscidia, while the abrupt origin of its spine is a character of P1~oboscidia, 

Ar,tiodactyla, and many other Ma.mn1als, but not of Perissodactyla. In the 

rudin1.ental spine and crest of the tibia, we have again. especially Probos­

cidian resemblances, which are confirmed by the shape of the ilium. This 
bone expands immediately from the acetabulum into a broad plate, which 
has a continuous convex crest, and is altogether different from the pedun­

culate ilium of the Rhinoceros and Hippopotamus. 
As·regards the points in which the suborders differ, it may be observed 

that the Pantodonta in their dentition and femur resemble the Perissodactyla 
more tha.n do the Dinocerata; while the aqsence of alispheno~d canal ~n 

Ooryphodon is a suilline character, and the only one which I find in the 
group. In the form of the femur, the Dinocerata resemble closely the 

Proboscidia, but in the presence of the alisphenoid canal they agree with 
both Perissodactyla and Proboscidia. It is not unlikely that, in future, genera 
'vill be foun.d which connect both these orders more nearly with prin1itive 

types of Artiodactyla, but as yet 've are not acquainted with them. 
The order Amblypoda was first defined by the writer in the Systematic 

Catalogue of the Vertebrata of the Eocene of New Mexico, published 
in April, 1875. The two subordersPantodonta and Dinocerata were originally 

defined by the writer in "The Short-footed Ungulata of Wyoming", 
published March, 1873, in the following language: 

'~No incisors; nasal bones elongate; astragalus articulating with both 
navicular and cuboid; no third trochanter ..............•....... Dinocerata. 

''Dentition complete, i. e., incisors present; ~ nasal bones; astragalus 
articulating with both navicular and cuboid; a rudimental third 
trochanter ................... _ .. _ .•........................... Pantodonta." 

The name Dinocerata was then proposed as a correction of "Dinocerea," 
originally introduced by Pr~fessor Marsh* for the animals which it includes, 

• Amer. Jour. Sci. and Arts, 1872, October, 1872 (separata September 27). 
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under the belief that it constituted a distinct order of Mammalia; which, 

however, he did not characterize. Shortly afterward (January, 1873*), I 

gave the fi~st general synopsis of the characters of the species of the group 

then contained in my collection, in which they resemble the P1·oboscidia, as 

follows: "1. The shortness of the free portion of the nasal bones; 2. The 

malar bone is rod-like, and forms the middle element of the zygomatic arch; 

3. rrhe cervical vertebrre are exceedingly short and transverse; 4. The femur 

is without third trochanter; 5. Its condyles are contracted, and the narrow 

intercondylar fissure is prolonged far forward; 6. The spine of the tibia 

1s wanting, and the glenoid cavities separated by a longitudinal keel; 

7. The astragalus is not hourglass-shaped above, but with a uniform face; 

~- The phalanges are short and stout, and represent several toes." To 

these n1ay be added two external characters, which directly result from the 

osteological, viz: 9. rrhe possession of a proboscis; this is proven by the 

extreme shortness and stoutness of the free portion of the nasal bones, by 

the very short cervical vertebrre, and by the fact that the nasal and pre­

nlaxillary bones are deeply excavated at their extremities, with surrounding 

osseous eminences for the origin of the muscles of tlie trunk; 10. The 

extension of the femur below the body, so that the leg was extended with 

the knee below and free from the body, as in Elephants, Monkeys, and 

Men. Other characters comn1on to the Proboscidia and some other Ungulates 

are: 11. rrhe scapula acuminate above the spine with a very short coracoid; 
12. Broad truncate occiput, with widely separated temporal fossre; 13. rrhe 
greatly expanded iliac bones." 

These characters were adduced in support of the view that these 

animals should be referred to the Proboscidia. Although I have subse­
quently referred them to a new and special order, the above characters 

expres~ the affinities which I claimed for the group, although several of 
them are found not to be common to all the species. Thus the characters 
of the malar bone and cervical vertebrre are not common to all of the 
Dinocerata, while these, with the characters of the femur, are not found in 
the Pantodonta. It was not, however, until a few weeks afterwflrd that I 

• The extra copies of this paper, which contained all except the Gharacter num­
ber" 1 ", were published January lu. 
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discovered the near affinity between these suborders. As regards the 
possession of a proboscis, there is every reason to believe that some of the 

species possessed one, though it may have been short as in the Tapir, while 
it is possible that in others it was wanting, or not more developed than in 
the Hog. 

The first attempt to define the Dinocerata as an order of Mammalia 
·was made by Prof. 0. C. Marsh, of New Haven, in a paper published some 

time subsequently* to my essay quoted above. The characters which he 
brought forward, and which had 1nostly already appeared in the descriptions 
of species published by hinl and by myself, are the following: "1. rrhe 
absence of upper incisors; 2. The presence of canines; 3. rrhe presence 
of horns; 4. 'rhe abf;ence of large air-cavities in the skull; 5. rrhe malar 

bone forms the anterior portion of the zygomatic arch; 6. The presence of 
large postglenoid processes; 7. The large perforated lachrymal forming 
the anterior portion of the orbit; 8. The small and horizontal nareal orifice; 
9. The greatly·elongated nasal bones; 10. The premaxillaries do not meet 
the frontals; 11. 'l"he lateral and posterior cranial crests; 12. The very 

small molar teeth and their vertical replacement; 13. The small lower jaw; 
14. The articulation of the astragalus with the navicular and cuboid bones; 
15. The absence of a true proboscis." 

.This heterogeneous list of characters could not define any natural group, 
as many of them are of not more than generic or family value.t Several of 
the 1nost in1portant are not shared by the genus Coryphodon, a form at that 
time apparently unknown to Professor Marsh, but which clearly belongs to 

the same order of Mammalia. My conclusion has been that the Dinocerata 
do not alone constitute an order of Mammalia, but that th«1y form a division 
of an order which includes also Coryphodon, and doubtless many other 
little or unkno·wn types, whose position is, as I first stated, between the 
Proboscidia and the Perissodactyla, but which has no affinities with the Ar­
tiodactyla, as has been asserted. 

Full descriptions of the species and genera of this order first appeared 
in my essay,." On the Short-footed Ungulata of Wyoming", above quoted 

• The extra copies of this paper bear date January 28, 1873. 
t As I pointed ont in an article in the American Naturalist, May, 1873. 
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(published ~farch 14, 1873). I there described the existence of five toes 
in the pes of the genus Eobasilett;, and the co-ordinal relations of Cor!Jplw­
don (Batl'bmodon ): In a note published by Professor Marsh, October, 1873, 

that author asserts that the Dinocerata have "but four toes in the pes"; but 

in a paper on Uintatheri~tnt (Dinoceras), which has recently appeared, he 

admits that that genus has five toes in the pes (Am. Jour. Sci. and Arts, Feb., 
1876). We owe to later observations of Professor Marsh two of the most 
important points in the structure of the Dinocerata, viz, the superficial 
structure of the brain, and the arrangement of the bones of the carpus. 
lie shows (l. c., July, 1874, and February, 1876) that the cerebral hemi­
spheres are so sn1all as not to cover any part of the olfactory lobes and the 
cerebellum; and that their combined diameter was less than that of some 
parts of the neural canal of the vertebral column. This information is, 
however, accompanied by serious errors of determination. (See on the 
brain of Coryplwdon, below.) The brain is relatively one of the sn1allest 
among known Mammalia, and resembles strongly that of the Creodont 

Arctocyon of the French Eocene, figured by Professor Gervais, in the 
"Archives du Museum", 1870. I show in another place that the brain of 
Coryplwdon presents similar characters, and discuss their significance further 
on in reviewing the characters of the Eocene fauna. 

The structure of the carpus of Uintatherium, described by Marsh (l. c., 
:February, 1876), is essentially identical with that· of Coryphodon, whieh I 

described in the Systematic Catalogue of the Vertebrata of the Eocene of 

New Mexico (April, 1875). 
The Pantodonta are confined, so far as discoveries extend at present, to 

the Lower Eocene or Wasatch beds, in the Hocky Mountain region, while 
the Dinocerata are confined to the higher or Bridger Eocene .. strata. The 
former suborder includes two genera, Coryphodon, Owen, and Metalophodon, 
Cope; the Dinocerata also two, Uintatherium, Leidy, and Loxolophodon, 

Cope. 
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CORYPHODON, Owen. 

Ooryphodon, Owen, History British Fossil Mammals, 1846, p. 299, figs. 103, 104.-Bronn, 
Letbrea Geognostica, 1856, p. 842.-Hebert, Annales des Sciences N aturelles, 
1 856, p. 87, plates. 

Batltmodon, Cope, Proceed. Arne~. PhHos. Soc. 1872, Feb. 16, 1872; Ann. Rept. U. S. 
Geol. Surv~. Terrs. 1872, p. 586 (1873); System. Oat. Vert. Eocene New Mex­
ico, U. S. Geog. Survs. W. of lOOth M., 1875, p. 24. 

The remains of this genus have been preserved in greater abundance 
in the Wasatch beds of New Mexico than in any other known region of 

the world, so that a good opportunity is offered for an elucidation of the 

structure of its skeleton .. The bones obtained include all parts of the skel­

eton and skull. 

Cranium and dentition.-The skull is moderately elongate, tl!e elongation 

being behind the orbits, since the muzzle is rather short. The free part of the 

nasal bones is short and narrow, and the bones are not co-ossified. The 
premaxillary region is expanded, so as to extend beyond the nares. The 
latter are thus directed obliquely upward. The face is greatly contracted 
immediately behind the canine teeth. The superciliary borders are not prom­
inent, but immediately behind the orbits the superior margin of the tem­
poral fossa expands and becomes an overhanging roof to its posterior border, 
which is beyond the vertical plane of the occipital condyles. The borders 
of opposite sides unite in a deep notch. on ·the middle line above, and over­

hang the concave supraoccipital region. The zygomatic arch is considera­
bly expanded laterally. The foramen infraorbitale is rather large, and issues 
not far in front of the orbit, and in the same horizontal line. The lachrymal 

canal passes through· the inferior edge . of the lachrymal bone just within 
the border of the orbit. 

There is no postorbital process either of the frontal or malar bone. In 
adult animals, the sutures of the superior wall of the cranium are entirely 

obliterated, excepting in the anterior part of the nasal bones. 
The premaxillaries are not coossified on the middle line, but are in 

contact. They send a slender process backward from the inner apex, inclos­
ing the foramen incisivum on the inner side, whether completely or not is 
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uncertain. rrhe palate is rather narrow, and of moderate length; it is 
notched posteriori y by the posterior nares only a little anterior to the line 
of the posterior borders of the molar teeth. The palatine bone has a small 
antero-posterior extent. Its processus pyramidalis, with the pterygoid processes 
of the sphenoid, forms an elongate undivided lamina lateralis of the posterior 

nares, which presents an angle downward, from which the posterior border 
rises to the axis of the skull near the transverse line of the glenoid cavities. 
The foramen ovale perforates the base of a short descending process. rrhe 

foramen lacerum is not large, and a sn1all truncate styloid process is con­
cealed on the side of the small petrous bone. The basioccipital is nearly flat 
on the median line below. 'l,he postglenoid processes are well . developed. 
rrhe paramastoid I and mastoid processes are fused into a single descending 
mass of mo~erate length. rrhe meatus auditorius externus is not inclosed 

below. 
The form of the mandible is ~eculiar. The angle is not inflected, and 

is elevated above the usual position in consequence of an upward curvature 
of the inferior border of the ratnus, comtnencing below the last molar tooth. 
rrhe condyle is large, and has considerable transverse extent, and its articu­
lar surface is presented as much upward as backward. 'l,he coronoid pro­
cess is elevated and stout; the rami are slender for the general robustness 
of the skeleton, and the symphysis is rather long and co-ossified. rrhe form 
of the ramus is not a little like that of n1any lnsectivora. 

The brain-cavity is remarkable for its very small size as cotnparea 
with that of the skull. In the antero-post~rior direction, the cerebral 
hemispheres did not extend anterior to the glenoid surfaces, while in the 
Amelican Tapir they reach as far as the posterior border of the last superior 
molar tooth. The olfactory cavities are much longer in the Coryplwdon, 

but do not extend to the line of the last superior _molar tooth. In vertical 
diameter, the brain-cavity is less than half that of the portion of the skull 
in which it is situated,_ a large space above it being occupied by pneumatic 
chambers, which perhaps represent the diploe of thinner-walled skulls. 
The external walls of these spaces are only moderately thick. There are 
two principal lateral cavities, which are separated by a thin antero-posterior 
septum. They widen posteriorly, and each is diYided by partial septa, 
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which extend inward fron1 the cranial walls, as follo,vs: one horizontal, 
from the supra-occipital wall; two transverse and vertical, descending from 
the superior wall, the posterior of which nearly reaches the brain-cavity. 

The dental formula is i } ~ ~ · The incisors are not closely packed; 

the canines are of very large size, and are separated by a short diastema 
from the uninterrupted series of molars. The crowns of the incisors of both 

jaws are simple and spatuliform, somewhat expanded transversely at the 
base. The canines of the opposing series differ in form. Those of the 
uppetjaw have the section of ·the crown triangular, in some species more, 
in others less, con1pressed, but with the· shorter line ( i. e., narrower side) 
anterior. They become much worn on the anterior face by friction with the 
posterior face of the inferior canine, assuming a convex ·worn surface, which 
may become wider than the other faces. There is a considerable range of 
variation in the size of the canines of both jaws, especially in those of the 
inferior series, which I suspect to be due to difference of sex. 

The pren1olars in both Jaws differ much from the true molars. In the 
superior series they consist of an external and an internal V, the .former so 
oblique in the transverse direction that its apex stands above the middl~ of 

the base of the crown, or still farther interiorly. The limbs of the inner V 
rise from the position of anterior and posterior basal cingula to the cusp at 
the apex, whi<:~h stands at the interior extremity of the crown. The true 
molars differ in the presence of two external V's,. and in the greater devel­
opment of the anterior lin1b of the inner V. The apex of the latter stands 
as a trihedral antero-internal cusp, and the antero-external ridge extend~ 
from it to the outer side of the crown, where it turns obliquely downward. 

It forms a broad table-like ledge, as the anterior half of the surface of the 
crown. The two external V's are of very unequal size: on the first molar, 
the anterior is flat and angular, and not more than one-quarter as large as the 
posterior; while on the second it is a small cone at the anterior base of the 
posterior V. The third true molar differs n1ateriallyfrom the others in having 
the posterior external angle of the ba~e of the crown brought round to the 
middle of the posterior side. The result is that the two V's become a trans­
verse crest parallel with.the elevated ridge connecting the inner cusp with the 
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anterior external angle. The tooth, therefore, presents two nearly parallel 
transverse crests; separated by a deep valley, which is represented on the 
two preceding molars by the anterior ledge. The posterior limb of the 
posterior V has disappeared, the anterior edge of the two V's being only 
represented in the posterior crest. In the species with ·which I am acquainted, 
there is, in addition, a strong anterior basal cingulum on the true molars. 

The inferior true molars present us with two cross-crests, which are 
oblique to the direct axes of the crown, be~ause they connect cusps which 
alternate in position. No oblique crest connects the alternating cusps across 
the valley thus created, although a rudiment of it appears; but a con·espond­
ing crest at the anterior extremity of the crown forms a V with the anterior 
cross-crest It, however, descends rapidly to the inner side, ~here it termi­
nates at the base of the crown. There is no fifth lobe of the last molar, 
but frequently a cingulum-like heel. The premolars differ from the true 
molars in the absence of the posterior cross-crest, and the development of 
the anterior descending crest so as to be equal to the anterior cross-crest, 
thus forming a V with its back in·ward and apex outward, like the V of the 
superior premolars, but reversed in position. The base of the crown is con­
tinued a short distance behind the V, and bears a low longitudinal median 
crest, which represents the rudimental ridge which connects the cross-crests 
in the true molars. 

rrhe milk dentition is almost completely preserved in a light maxillary 
bone, which I discovered among a large number of other bones, including 
teeth of adult and young Coryphodons, and which I described in the Appen­
dix FF, Annual Report of the Chief of Engineers, 1874, p. 597. The crown 
of the first premolar is injured, but its base has the form of that of the second, 
ai:1~ it is probable that it had the construction of the latter. The crown of 
the second premolar is, like that of the adult, composed of one external and 
one internal V, but wider in the antero-posterior direction, so that the limbs 
spread more than in the adult. There is an external vertical ridge at the 
posterior part of the posterior limb of the V, which gives a small angle in 
the grinding-surface on attrition. The third molar is totally unlike the sec­
ond, or the corresponding tooth of the permanent dentition. While it pre­
sents a single internal angular cusp, with angles extending anteriorly and 
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posteriorly round th~ crown, forming an open V, the exterf.!al part of the 
crown consists of two V's, as in Palceotherium, PalcEosyops, etc. These V's 
are equal in size, and a small vertical ridge, which divides them, is evidently 
homologous with the little ridge just described as existing near the posterior 
outer angle of the second molar. This tooth -was in functional use at the 
tin1e of the death of the animal. Immediately behind it, the ·Surface of the 
maxillary bone is penetrated by the crown of the first true molar of the 
functional series. This presents the characters above ascribed to it in the 
adult, leaving no doubt of the systematic position of the animal, and the 
true relations of the teeth. 

The homologies of the different parts of the teeth are much elucidated by 
this specimen. It proves that the posterior principal, and anterior supple-

. mental V's of the external portion of the crown of the superior permanent 
mol_ars really represent the two external V's of the ordinary Perissodactyle 
dentition, and that the external V of the first and second temporary n1olars 
represent the anterior V of the two found in the third temporary molar. 
A consideration of the permanent molars shows that the posterior crest of 

the last true molar is homologous with the t~o external V's o£ the first and 
second; the external cusp of the former, which is sometiines separated by 
a cleft from the remaining portion, representing the rudimental anterior V 
of the latter. On comparing the premolars with the molars, the resemblance · 
.between the large posterior V of the true molars to the single V of the 
premolars is very apparent, but it is questionable whether this resemblance 
is a true homology. It is true that a small angle may be sometimes noticed 
at the anterior base of the V, which might be said to represent the anterior 
V of the true molars ; but the homology indicated by the temporary pre:­
molars is 1;1nmistakable, and may apply to the permanent premolars as well. 

~comparison of these teeth with those of other .Amblypoda, and with 
those of Perissodactyla, throws light on questions of affinity, since they are 
structurally somewhat intermediate between the latter and Loxolophodon 

• 0 

and its allies. Among American Perissodactyla, an approach is seen in the 
genus Palceosyop_s, the structure of which furnishes an explanation of the 
!elations between the structure of the superior molars of this and the 
·Palreotheriodont types. From this comparison _it appears that in Coryphodon 
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there are no cross-crests representative of those of Hyrachyus and Rhinocerus, 
the strong anterior crest which appears to be such being homologous with 
the anterior basal cingulum of Hyrachyus and Palceosyops. The last milk 
molar of Coryplwdon resembles the fourth premolar of Palceosyops, and there 
can be no doubt of the homology of the single inner cusp of this tooth in 
the two genera. In Palceosyops, this represents the anterior cusp of the true 
molars where two are present, so that the same relation can be claimed for 
the same cusp in Coryplwdon. As I have heretofore shown,* the crowns of 
the molars in Loxoloplwdon support two transverse crests, which unite or 
approach at their interior extremities, forming a V, near to the apex of which, 
posterior to it in the last true molar, is a tubercle. The anterior transverse 
crest appears to be homologous with that in the molars of Coryphodon, but 
the posterior cannot be homologized with the posterior transverse crest of 
the last molar of that genus, since the tubercle found in Loxoloplwdon behind 
this crest must be compared with that part in Coryplwdon, or with the 
posterior inner tubercle of Limnohyus. It is thus probable that the posterior 
transverse crests in Loxoloplwdon must be compared with one of the two 
transverse crests in the Tapiroid genera and Dinotherium. The homologies 
of the inferior molars of Coryphodon are simple, as they resemble nearly 
the corresponding teeth in Hyrachyus, with an approach in the anterior V to 
Palceosyops. 

Vertebrce, ribs, and sternum.-The least satisfactory part of the descrip .. 
tion of the skeleton is that relating to the vertebral column. The number 
of dorsal, lumbar, and sacral vertebrre remains unknown, and of the caudal 
vertebrre it can only be said that they were rather numerous, indicating a 
tail of medium proportions. 

The cervical vertebrre resemble those of the Carnivora more than those 
of living Perissodactyla, but resemble most those of Eobasileus. The .centra 
are short and wide, and usually depressed, and do not display the ball-and­
socket articulation, nor are they absolutely flat, as in Elephantidce. They 
are slightly concave behind and convex before, as in the Carnivora gen­
erally. The vertebral canal is present, including the axis. In the atlas, it 
pierces the transverse process on the superior surface close to the posterior 

• Paleontological Bulletin, No. 7, August~ 1872. 
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base, and issues near the 1niddle of the inferior face. It doe8 not return 
through the transverse process, as in the Tapir, but the latter is not 
expanded anteriorly, as in that animal. The foramen atlantis, by which the 
vertebral artery enters the foramen magnum, is well isolated by the osseous 
border, as in many other Mamn1als. The axis is distinguished for the length 
of its odontoid process, which is 'vithout groove superiorly. 

The lumbar vertebrre exhibit the same depressed and moderately 

opisthocrelous cent~a, presented by the cervicals. They are longer than the 
latter, but not longer than wide, and are not keeled beneath, but are pierced 

. with foramina. The neural canal is large. The anterior zygapophyses pre­
sent their faces inward above and upward at the base, having a concave 
surface. The caudal verte brre are characterized by the presence of two 
transverse processes, one obtuse, at the anterior articular face, the other 
flat, at the middle of the length. The terminal vertebrre are slender.· ·There 

are no surfaces for chevron-bones, ·but angles corresponding to them. 
The ribs are flattened, and have the usual capitular and tubercular 

faces. The hremapophyses are ossified. The sternal segments differ in 
form in the different species, being 1nore cylindric in so1ne than in others. 
I have described* a manubriun1 as having a somewhat T-shaped form, with 
subcylindric body, in Coryphodon radians. Some loose segments in the 
New Mexican collection are longer than wide, but flattened, while others 
are plate-like and subquadrate. The last are supposed to belong to the 
Coryphodon latidens. 

Scapular arch and anterior limb.-The scapula, in its general form, is more 
like that of the Proboscidians than any other order. Its superior border is 
produced into an angle beyond and in the line of the spine. The spine 
rises abruptly from the neck. All the New Mexican specimens have the 
coracoid bi·oken off, but in son1e of those obtained by Dr. Hayden on Bear 
River, Wyoming, it is preserYed.t I have described it as consisting of a 
promil}ent hook, which originates a little outside of the edge ."of the glenoid 
cavity, and incloses a groove between itself and a tuberosity on the edge of 
the latter. I have observed clavicles in a fragmentary skeleton described 

*Ann. Rept. U. S. Geol. Surv. Terr., 1872, p. 586. 
t Described in Ann. Rept. U.S. Geol. Surv. Terr., 1872, p. 586. 

13 G R 
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under the head of Coryphodon, of uncer~ain species No. III. They have 

slender, slightly curved, and compressed shafts, with clavate extremities, 

which are tr~1ncate at the ends. 
The humerus is a stouter bone than the fernur. The head is particu­

larly large, and the greater tuberosity is large and hook-like, bounding a 
deep groove with the lesser tuberosity. The deltoid crest is promine.nt, and 
extends beyond the middle of the shaft, q,nd tern1inates in a twist forward. 

The condyles have the usual anterior direction, and their surface is simply 
hourglass-shaped, without the carina or rib seen in Tapirus, Hyracodon, 
Hyrachyus, etc., showing its affinity to Loxoloplwdon. It resembles the latter, 
and differs from the former in the large size of its lateral tuberosities, which 
give the humerus a great distal wid~h, approaching the corresponding bone 
in the Creodonta in this respect. The ulna and radius are entirely. distinct, 
including their distal extremities. The ulna has a much larger share in the 
carpal articulation than in the Perissodactyla, and is in the same transverse 
plane as the radius at that point. As compared with the diameter of its 
shaft, the carpal extremity of the radius is narrowed. This relation is 
appropriate to the sn1all size of the scaphoid and large size, especially the 
width, of the cuneiform, in the carpus. The proximal part of the ulna is 
compressed below, and the distal end depressed so as to be transverse, but 
it is not so expanded as in Uintatheriunz. The head of the radius is a trans­
verse oval, with the articular face a gentle sigmoid in horizontal section. 
The articulation with the ulna is not interlocking, but nearly level. 

Anterior foot.-Several anterior feet of Ooryphodonts were procured, 
three of them nearly entire. These display well their extraordinary form 
in the shortness as compared with the width, in which they resemble those 
of the Elephants more than any other animals. There are five digits,* as I 
first pointed out, of which the second, third, and fourth do not differ much 
in length ; the length of the third, with the carpus, being in one specimen 
equal to the width of the palm. The fifth digit is a little shorter than the 
fourth, while the first is the shortest. 

The scaphoides is the 1nost irregularly shaped of the carpals. It con .. 
sists of an anterior .intercalated portion and a posterior tuberosity, which is 

• See System. Cat. Vert. Eocene N. Mex., U.S. Snrvs. W. of lOOth 1\:I., 1875, p. 24. 
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the srnaller of the two parts, and gives the antero-posterior as the greatest 

dimension. Viewed from the front, four articular facets are visible, on8 
superior for the radius, one external for the lunar, and two inferior for the 

trapezoides and trapezium. The radial surface is the largest, but is smaller 
than those of the trapezium and trapezoides together ; it is decurved ante­
riorly, .leaving but a narrow external front surface, ·which is continued 

'vithout widening along the entire internal (free) side. The lunar and 
trapezoid facets unite in front at an acute angle, but.behind this angle they 
separate, leaving a triangular facet for the magnum. The, facets for the 
trapezium and trapez.oides are subequal, and related by an open angle. 
I fail to make an exact fit between these facets and the proximal ends of 
the two bones in question, which give three instead of two facets. I have 
therefore thought that a small bone present at this poh~t in one of the 
unseparated carpi might be an os intermedium. . My desire to retain the 
bones of this carpus in the relation in whi.ch I found them prevents me 
from settling this point. The small size of the bone in question is appro­
priate to the small interval unfilled by the scaphoid. The scaphoid is the 

smallest of the carpals of the proximal row, and pre~ents the smallest facet 
for the bones of the forearm. 

The lunar is a robust bone, its antero-posterior diameter somewhat 
greater than the transverse. Viewed from above, its form is that of a 
spherical equilateral triangle with rounded angles. Its anterior two-thirds 
above are occupied by the convex facet for the fore leg; its lower surface 
presents four longitudinal facets; the two lateral for the scaphoid and cunei­
form subve;tical. The n1edian two apply to the unciform and n1agnum 

respectively. The anterior face is longer (longitudinally) than that of the 
scaphoid. The cuneiform is subtriangular and flat, and with a greater 
length than any other carpal (except the unciform), directed outward and 
backward. !-laving this oblique position, only a part of one of its long 
sides is presented anteriorly, and the articular face of the ulna extends 
obliquely across it. Behind the latter, the surface is beveled, fonning a long. 
subtransverse facet for the pisiform. The inferior face is convex obliquely, 
the convexity extending from the inner anterior to the external posterior 
angle. The distal end is narrowed and truncated, with a thick convex 
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border. The pisiform is an L-shaped bone, the transverse limb proximal, 
and bearing the long facet for the cuneiform. The long limb equals the 
transverse, and has a neck and oblique tuberous head. 

Of the second row of carpal bones, the unciform is much the largest, 

the tnagnum is next in size, the trapeziun1 next, and the trapezoides the 

smallest. But, of the exposed anterior surfaces, the magnum displays the 

smallest, and the others in the order named. The unciform is subcrescentic 

in vertical section, and its transverse exceeds its antero-posterior dian1eter. 
It presents two superior facets, one interior tern1inal, and three inferior. 
Of the two superior, the inner is antero-posterior, being narrower than the 
other and elevated above it; it is applied to the lunar. The other superior 
facet is the largest in the carpus, is transverse and strongly concave. The 
three inferior facets apply to the external metacarpals, the inner to a portion 
only of the third, and is therefore narrower than the others. The median is 

largest, and the external is oblique. The magnum has very little transverse 
diameter, but the antero-posterior and vertical are considerable, and in so1ne 
of the species subequal. It has but one superior facet, that for the lunar, 

and one of nearly the san1e width inferiorly, for the internal part of the 
third metacarpal. Alongside of this is a narrower facet, partly lateral, for a 
snutll part of the second metacarpal. The inferior posterior tuberosity of 
the magnum does not extend much beyond the inferior articular face, while 
a superior posterior tuberosity occupies a corresponding concavity of the 
lunar. From this, the superior facet descends steeply to the anterior face. 

The trapezoides is the smallest bone of the carpus. Its ante:r:ior face is a 
vertical wide rhomboid, and is rather shorter than the antero-posterior 
<,liameter. Each side is a facet, but the supero-exterior and intero-inferior 
angles are obtuse, while the opposite ones are acute. The proximal facet 
is narrower than the distal. The trapezoides is larger, and would present 
a quadrate anterior face but for the presence of two proximal facets, the 

internal narrower than the external. The external presents a median fossa; 
the distal face is truncate; the internal (free) face presents the usual rough 
surface. 

The lengths of the metacarpals have been already stated. The 
proximal ends present faces which are a little convex antero-posteriorly. 
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The second arid thii·d are distinguished by the possession of two proximal 
or carpal facets each, while the first, fourth, and fifth have but one each, 
and .the first is peculiar in being squarely truncate. The shafts are wide, 
and the distal articulations transverse, excepting a feeble carina on the 

under side. The phalanges are short; all except the first of the pollex wider 
than long. Those of the second place are very narrow, being n1ere trans­
verse, openly angulate bands. The ungual phalanges are short, and 

expanded transversely by the horizontal production of the lateral distal 
angles. 

The inferior surfaces of the digits are defen,ded by numerous sesamoid 

bones, which are of subcrescentic section. They rest in pairs, one of them 

on each side of the distal extremity of the n1etacarpals and 1netatarsals. 
Pelvic arch and kind limb.-1"'~he ilium is characterized by the width of 

its peduncle and the expanse of its plates. The crest has the regular con­
vexity and the length seen in Loxolophodon and the Proboscidia. The 
anterior border is acute, and is convex at the anterior inferior spine. The 
ischium is wide and flattened to the base; its posterior border is convex, 
with superior tuberous surface. The pubis is rather narrow. 

The femur has the shaft flattened in the species known to me, and the 
border of the great trochanter is but little reflected backward. In the 
American species, the third trochanter is very small; in the European 
species, figured by Hebert, it is larger. The trochlear patellar surface is 
moderately elevated, one bou~ding ridge a little more so than the other, but 
the condyles are not compressed, and the intercondylar fossa is of usual 
·width. The tibia is not so much shortened ail in Loxo!ophodon, but resenl­
bles it in the rudimental spine and low obtuse crest. The shaft becomes 
subcylindric toward the distal extremity, and then expands transversely to 
the astragalar articular face. This is, as already described, of remarkable 
character. It is transverse and flat, without either groove or keel; the 
posterior border is slightly oblique, rising to the outer side. The malleolus 
projects beyond it, and its inner convex face supports a continuation of the 
articular surface, which is applied to a concavity of the inner side of the 
astragalus. As the n1echanical result of this arrangement, there was 
no flexion and extension of the foot on the leg; but it is possible that there 
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was a sn1all amount of rotation, the inner Inalleolus being the fixed point. 
The fibula is entirely distinct, and has an oblique proximal surface of attach­
ment to the tibia. The shaft is rather slender, and the distal end is expanded 
in an antero-posterior direction, so as to support a large, subround, oblique, 
inward-looking face for the astragalus. 

Posterior foot.-The posterior foot has, like the anterior, five toes, of which 
the second, third, and fourth do not differ much in length, while the hallux is 
about two-thirds as long as the third. The general form of the only complete 
hind foot which I obtained, is not so short in relation to its width as the fore 
feet, the width of the sole being but little greater than the length of the four 
bones of the third toe. The foot is completely plantigrade, and the heel 
very short. 'rho free part of the calcaneum is not longer than th~ anterior 
width, and is depressed at the base. 'rhe astragalus is flat above, or slightly 
concave in both directions. Its anterior part has greater transverse extension 
than the posterior, being produced. inward in a hook-like extension. The 
inner border is thus obliquely concave for the reception of the inner Inalleo­
lus; the external border is gently convex, and occupied by a longitudinal 
facet for the fibula. There is a posterior tuberosity at the angle with the 
inner border. The distal end of the astragalus is divided by a low tuber­

osity; but 'vhile the internal and longer portion is entirely occupied by the 
navicular facet, the e~ternal half is only partly covered by an articular sur­
face. Of the latter, the inner and larger part is for the ectocuneiform bone, 
while the outer is in contact with the cuboid. This n,rticulation of the octo­
cuneiform with the astragalus is found in several and probably all of tho 
species here described, and is one of the striking peculiarities of the foot of 
Coryplwclon. 

The cuboid bone is transverse, and has greater length internally than 
externally. ItH two proximal facets present an angle to each other, while 
the two distal facets are in one plane. The navicular is an L-shaped bone, 
with the anterior lilnb transverse, and is very thin: in the longitudinal direc~ 
tion. The posterior end of the longitudinal and exterior limb is a tuberosity. 
The distal extremity is divided into the three· cuneiform facets, of which the 
median is largest. The ectoeuneiform is the largest of its series. Tho pha­
langes are sin1ilar to those of tho foro foot, ·but the metatarsals differ in that 
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their proximal extremities presen~ but a single faeet, except a very sm::ill 
one at the exterior border of the ·second, which joins the ectocuneiform. 

Brain.-! succeeded in obtaining a complete cast of the brain-cavity 
of the Coryphodon elephantopus. The hard sandstone matrix which filled it 
'vas remov~d 'vith some difficulty, the more as its surfaces were indurated 
by a cement containing n1uch iron oxide. rrhe osseous walls were found 
in a good state of preservation. It was ascertained that there is a consid­
erable foramen lacerum posterius, but which is not nearly of such propor­
tionate size as that in the genus Tapints. 

The form of the brain is very remarkable. Its distinguishing pecu­
liarities are ( 1) the small size of the cerebellum; (2) the large size of the 
region of the corpora qua.drigernina j (3) the small size of the. hen1ispheres; 
( 4) the enormous size of the olfactory lobes. 

There is in the cast a strong constriction .in front of the medulla oblongata 
on one side, which does not exist on the other side. It is u~certain which 
represents the true forn1 as regards the lateral portion; 'but that there was a 
step-like constriction across the base of the brain at this point there is no 

doubt. The.medulla is very stout, and wider than the hemispheres; it is 
depr~ssed, and a protuberance on the inferior part of each side has the 
appearance of the base of the eighth pair of nerves. The region of the 
cerebellum is depressed, and does not. present in the cast a distinct line 
of demarkation from the medulla. An indication of the vermis is seen in 
a low, longitudinal, ·median protuberance. In front of this, a transverse, 
shallow depression separates it from the middle brain. 

Theregion of the corpora quadrigernina is the most bulky portion of 
the brain. Superiorly· it presents a large transverse tuberosity, with the 
lateral portions well defined, but not distinguished from the cast of the 
hemispheres ·on the median line. From its latero-superior pron1inences, it 
extends downward and forward on each side, expanding laterally, and nar­
rowing as it approaches the inferior surface. Each lateral portion is sepa­
rated from the hemisph~re by a deep fissure, into· which a prominent crest 
of the lateral cranial walls projects. This crest commences above, nearly 
at the plane of the superior 'vall, and curves downward and forward to 
below the middle of the cavity which contained the hemispheres. The 
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inferior face of the middle region of the brain is bounded laterally by the 

projecting masses above described, posteriorly by the constriction in 
front of the medulla, and anteriorly by a slight contraetion marking the 
boundary of the hemispheres. Its anterior lateral angles are continued 
into a fossa of the cranium, which I did not clear of the matrix, but which 
doubtless gives exit to the foramina sphenoorbitale and rotundurn. The pro­
tuberance which occupies this fossa, then, includes the base of the trige­
nlinus nerve. A short distance posterior to this position, on the inferior 
side of the lateral expansion of the n1iddle brain, is the slight projection 
which covers the united cavities of the foramen ovale and the foramen lacerum 
posterius. Between these, on the n1i.ddle line, is a longitudinal elevation 
divided by a median longitudinal depression. Posteriorly, it rises from 
the transverse constriction of the nwdulla; anteriorly, it terminates rather 
abruptly, the one half at a point anterior to the other. This asytnmetry 
is found in the osseous basis cranii, and is n_ot due to accident. This 
median ridge is separated by a wide shallow concavity fron1 the lateral 
border on each side. A short distance anterior to each foramen sphenoorbitale 
is a smaU fossa which I have not explored, but which is the opening of the 
foramen opticum. They are of small size, indicating a corresponding char­

acter for the optic nerve. 
The cerebral hemispheTes are re~atively and absolutely very small, their 

median long diameter being one-fifteenth the total length of the skull, or a 
little smaller than those of the Uintatherium mirabile according to the figures 
and description of 1\Iarsh. They are together about as wide as deep 
posteriorly, but both dia1neters diminish rapidly forward, the vertical the 
most rapidly. The profile slopes downward and forward to the base of the 
broad olfactory peduncles. There are no convolutions, nor any decided 
indication of the Sylvian fissure,* but there are surface-casts of the srnall 
arteries that ran1ified in the dura mater. Owing to the prominence forward 
of the inferior part of the middle brain, but a small part of the inferior 
surface of the hemispheres is visible. The olfactory lobes are the largest 

. :)(:Professor Marsh (Amer. Journ. Sci. Arts, 1876, p. 166) states that both convo­
lutions and a. Syl vi an fissure are present in Uintatherium. These assertions are not 
justified by bis figur('s, nor bs tlw probably similar brain of Cm·yplwdon. 
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known among Mammal-ia, and gTeatly exceed those of Uintatherium as 
described by Marsh, and even those of Oxymna. 'l1heir peduncle js trans­

versely oval in section, and is directed horizontally forward for a distance 
about half as great as the length of the hemispheres without change of form. 
The mass then expands laterally and superiorly, rhdng upward on each side 
of an osseous septum, which does not divide the olfactory lobes to the 

inferior face. They are thus deeply gr<:!oved above, and finally become 
furcate near to the extremity. Posterior·to this point, the inferior face rises, 
and the apices project laterally and forward from the superior part of the 
lobe. The olfactory lobes consist, then, of a massive peduncle supporting 
a grooved subconical enlargement, which is bifurcate at the apex.* 

Since the internal walls of the skull show the foramina for the exits of 
·the cranial nerves, we have a sufficient basi::; for the determination of the 

parts of the brain. In this attempt, we are met by the difficulties which 
. are inherent in the use of a cast to represent a brain. Although the fora­

?nina sphenoorbitale and rotundun can be readily fixed, their position is such 
as to give the point of exit of the nervus trigeminus an unusually inferior 

position. This appears to be the case to a still greater extent in the Uinta­
therium, t where the lateral descending masses are ~t the same titne not nearly 
so largely developed as in Coryphodon. The large inferior area inclosed 
between these boundaries is, then, homologous with the pons varolii, or that 
part of the encephalon which is covered by it. Its appearance in Uinta­
therium supports this identification, but its proportions and anterior position 
in Coryphodori depart more widely from the usual form. The two anterior 
submedian ridges of its surface faintly indicated in ~"rintatherium, are 
probably the homologues of the pronounced median ribs in Coryphodon, 
which resemble a continuation of the anterior pyramids of the medulla 
oblongata. As they are not very distinctly marked in the medulla of 
Coryplwdon, their identification. may be uncertain, but they look like that 
portion of the anterior pyramids which is continuous with the crura cerebri, 
and which are concealed in Mammalia by the pons varolii. Their promi­
nence in Coryphodon indicates that the pons is wanting in this genus, as in 

*Measurements of this brain are given in the article on Ooryplwdon elephantop~ts. 
t See .. A.mer. Journ. Sci. Arts, 1876, plate iv, p. 165. 
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the Reptilia. A shallow concavity of the sphenoid bone between the origins 

of the trigemini indicates tho position of a pituitary body, or hypophysis. 
In profile, the brain closely resembles in form that of a Lizard, e. g., an 

An~iva, excepting that in the latter the cerebellum is more prominent. rrhe 
extension downward and forward of the middle brain, with its projection 
below the hemispheres, is common to both; but the inferior portions, at 
least, do not appear to be ho1nologous in the two. In the Coryplwdon, the 
lateral projections COITespond with the exits of the trigeminus from the 

skull; in the Amiva, this part terminates in the optic tracts. The superior 
portions of the middle brain correspond in appearance and relative size 
with that of the Amiva, but a plain difficulty in identifying them in the 
two types is derived fron1 the difference in their inferior connections. One 
result of the examination is assured, viz, that this region is no part of the 
cerebral hemispheres, and that it is entirely uncovered by them. As it is 
not the cerebellum, it stands in the position of the corpora quadri,gemina, or 
perhaps of the posterior pair more especially. As the homologies of this region 

in the vertebrate brain are not yet determined, further attempts to identify 
this part of it in the Amblypoda must be postponed for the present. The 
structure is in any event entirely different from that seen in any recent 
Mammalia; or in any Mammal of a period more modern than the Eocene 
period, and one that not only entitles these animals to a position in a peculiar 
order, but also in a special division of the class, equivalent to those based 
by Professo~· Owen on the modific.ations of the structure of the brain. The 
homologies of the olfactory lobes are simple; but their extent and form 
resemble nothing known among Man1mals, oven far exoeeding in size those 
of Uintather-ium. On tho other hand, they resemble those of l~eptiles, 

especially of the Lizards, but are less deepJ y bifurcate anterior! y than in them. 
In the Coryplwdon elephantopus, they equal in length the middle brain and 
hemispheres together, and their bulb equals, the hemispheres in transverse 
and vertical diameter. 

The nearest approach to the form of the brain in the Amblypoda is seen 
in that of the Arctocyon prima;vus, a Creodont which represented the Car­
nivora in the same Lower Eocene fauna, and was actually associated with 
Corypltodon in France. Thi~ brain is described and figured by Professor 
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Gervais (Nouv. Archives du Museum, vi, 1870, p. 150, plate 6, fig. 4), who 
notices the rmnarkable exposure of the ·middle brain, or corpora quadrigernina. 
Among Mammalia of later ages, some of the extinct South American Edentata 
present the greatest resemblances, although slight ones. Among these may 

be noticed the small an~ transverse cerebellum, and especially the lateral 
expansion of the region anterior to it. rro what portion of the brain this 
expansion belongs, is not stated, but it is not unlike the lateral mass in 
Coryphodon, as e. g. in the Eutatus seguinii, * Gervais. There is, however, 
nothing exposed on the superior surface which appears to be the mid"dle 
brain; hence the difference from the brain ~f the Amblypoda is very con­
siderable. 

Restoration.-The general appearance of the Ooryphodons, as determined 
by the skeleton, probably resembled the Bears n1ore than any living ani­
mals, with the important exception that in their feet they were much like 
the Elephant. rro the general proportions of the Bears must be :added _a 
tail of medium 1ength. Whether they were covered with hair or not is, 
of course, uncertain: of their nearest living allies, the Elephants, some were 

hairy, and others naked. The top of the head was doubtless naked poste­
riorly, and in old animals n1ay have been only covered by a thin epidermis, 
as in the Crocodiles, thus presenting a rough, impenetrable front to antago­
nists. 

The movements of the Ooryphodons, doubtless, resembled those of the 
Elephant in its shu:ffiing and ambling gait, and may have been even more 
awkward, from the inflexibility of the ankle. But, in con1pensation for the 
probable lack of speed, these animals were most formidably armed with 
tusks. r:I,hese 'veapons, particularly those of the upper jaw, are more robust 
than those of the Carnivora~ and generally more elongate, and attrition pre­
served rather than diminished their acuteness. The size of the species 
varied from that of a Tapir to that of an Ox. 

There is · no evidence that ~hese animals possessed a proboscis, as was 
probably the case with some of the D-inocerata. 

We must suppose that the Ooryphodo~s were vegetable_ feeders, but not 

*Figured iu the important memoir of Gervais's, already quoted, N ouv. Arch du 
l\Ius., 18G9, v, p. 42. 
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restricted to any particular class of food. They were doubtless, to a large 
extent, like the I-Iogs, on1nivorous. 

History.-The first piece recognized as belonging to a distinct genus, 
under the name of Coryphodon, was described by Professor Owen in 1846. 
This was a fragment of the mandible, supporting the last inferior molar. In 
describing it, Owen noticed the peculiar form of the posterior part of the 
ramus. lie also referred to some superior molars, one of wlJich is figured by 
Cuvier (Ossemens Fossiles, pl. 77, fig. 6) as probably belonging to the same 
genus. These were alluded to by the French anatomist as the Lophiodon de 
Soissons and the Lophiodon de Lyonnais. Owen named the species observed 
by him Coryplwdon. eoccenus, and it is believed that the teeth described by 
Cuvier belong to another species, to which DeBlainville gave the name 
Coryphodon anthracoideus. Little, however, was known of this form until ten 
years later, when· Professor l-Ie bert, of Paris, obtained some additional 

material from Mendon near Paris, and other localities. In the Annales des 
Sciences Naturelles for 1856, he gave a full account of the characters of 
the dentition, and described the femur. IIe explained correct(y the homol­
ogies of the dental structure, and added a species, G. owenii, which is of 
smaller size than the C. eoccenus. · 

The first American species was made known by the writer in Feb­
ruary, 1872, under the name of Bathmodon radians, and the description was 
at that time· confined to the superior molars, the femur, and the humerus. 
In February, 18~/3, in "The Short-footed Ungulata of the Eocene of 
Wyoming", I described the characters of the scapula and astragalus and 
its connections, 'vhich furnished reasons for removing the genus from the 
Perissodactyla and placing it in the Proboscidia, under a subordinal division, 
which was named the Pantodonta. The san1e course was pursued in 
the Annual l{eport of the United States Geological Survey of the Terri-
tories for 1872 (1873), where a second American species, B. latipes, was 
added. The next additions to our knowledge of the osteology.of Coryphodon 
are due to the exploration of the Eocene beds of New Mexico, conducted 
by the 'vriter, in 1874, in connection with the United States Geographical 
Surveys West of the 100th "Meridian. On November 28, 1874, in 
extracts fro1p the Report of the Chief of Engineers, published in advance, 
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I gave the general characters of the skull, and of the hind foot, determin­

ing the number of toes in the latter. The temporary dentition and three 

nevv species were also described. In son1e remarks before the Academy 

of Natural Sciences of Philadelphia, made March 9, 1875, I pointed out 

the near relation of these animals to the species of Coryplwdon. In the 

"Systematic Catalogue of ~ ertebrata of the Eocene of Wyoming", April, 

1875, the structure of the fore foot, including the number of digits, was 

pointed out, and the group Pantodonta removed, with the Dinocerata, to a 

new order, the Arnblypoda; Coryphodon was referred to the Pantodonta, and 
two species were added. I announced the generic identity of the American 
and European forms in ~ comn1unication before the Academy of Phila­

delphia, made April, 1876 (published April 26), pointing out the subordinate 

characters of the respective types.* The present 'vork completes the descrip­

tion of the osteology, so far as accessible to me; and I rna y add that this 

is so far complete that there only remain unknown the number of the ribs 
and dorsal and lun1bar vertebrre, and the structure of the hyoid apparatus. 

Species.-Remains of more than one hundred and fifty individuals of 

this genus were procured by the expe~ition, and these indicate the existence 
of a number of species. Their characters may be observed in the teeth, 
the forms of the astragalus, calcaneum, and other bones. The precise 
definition of all of these species is a matter of some difficulty, as I have 
been compelled to rely chiefly on the mandibular teeth for the characters, 
owing to the more irregular occurrence of other elements; and the tubercles 
of the teeth are not always constant. The following key expresses the 
relations of these forms, most of which, perhaps all, are good species: 

I. Posterior inferior molars with an accessory cusp or tubercle on the 
inner side between the crests (Ooryphodon, Owen): 

Au internal conic cusp; posterior crest oblique; heel very 
small; size medium .............................. _ .. 0. cuspidatus. 

An internal crest; posterior crest oblique; heel small; size 
medium ............................................. _ . 0. obliquus. 

An internal tubercle; posterior crest little oblique; heel large; 
size large ..............•................. ~. . . ..... _ . 0. lobatus. 

• A short time after this, 0. C. Marsh asserted the identity of Ooryplwdon and 
Bath?nodon in the Amer. Journ. Sci. and Arts. 
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II. Posterior inferior molars without internal accessory tubercle 
(Batltmodon, Cope): 

a. Posterior inferior molars with smaU or no heel: 

Large; inferior molars elongate; symphysis mandibuli pro-
tluced and narrowed; premaxillary elongate ............ 0. radians. 

Medium ; inferior molars nearly as wide as long; premaxillary 
short ....•.•.............•........................... 0. latidens. 

aa. Posterior inferior molars with prominent or wide heel: 

Medium ; inferior molars elongate;· symplJ.ysis mandibuli broad 
and short; premaxillary elongate ; tusk trihedral ..•..... C. elepltantopus. 

Smaller; premaxillary bone short ; tusk trihedral ............ C. simus. 
Medium; premaxillary elongate; tusk com pressed and grooved. C. molestus. 

The G. eoctEnus, Owen, belongs to Section I, and the G. anthracoideus, 
Blv., and 0. owenii, Reb., from France, belong to Section II. 

As compared with the synoptic table of spe~ies previously published 

(System. Cat. Eocene New Mexico, 1875, p 29), the present one differs in 

the change of position of the C. elephantopus, besides the addition of two 

species. Further investigation shows that some of the specimens without 

posterior heel of the lower molars, formerly referred to the r: elephantopus, 
belong to the G. radians, 'vhile the discovery of the corresponding teeth in 
the former shows that these teeth possess a distinct, though not large, heet 

Of the above species, I obtained in New Mexico five individuals of 
C. radians, six of C. sirnus, four of C. molestus, and one each of the remaining 
species. But there are various other specimens, probably referrible to a 
number of these species, from which son1e of the parts necessary to absolute 

identification are wanting. Astragali of the subquadrate form, characteristic 

of the C. latipes, Cope, are not uncommon in the collections; but whether 

they belong to that species, or to one of those here described, is yet uncer­
tain. 

The smallest of the American spec~es, the C. simus, considerably 

exceeded in dimensions any of the existing Tapirs; while the largest species, 
the 0. lobatus and C. radians, equaled in proportions the Indian Rhinoceros. 

Coryphodon cuspidatus, Cope. 
Plate xlvi, fig. 1. 

BatMnodon cuspidatus, Cope, System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of lOOth M., 1875, p. 30. 

Represented by a portion of a mandibular ramus, which supports the 
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last molar. The posterior transverse crest of this tooth is low, and sends a 
well-marked oblique ridge to the anterior crest. A cingulum projects from 
the posterior base of ·the crown, which is not prominent, and disappears at· 
the base of. the inner end of tQe. transverse crest. Just external to and in 
front of this extremity, a prominent conic tubercle is directed upward and 
inward. r:rhis process is not seen in any other of the nun1erous jaws and 

teeth in n1y possession. Between it and the anterior crest is a low rugose 

tuberosity, representing a cingulum. There is also a cingulum between the 
crests on the external side of the crown. The posterior transverse crest is 
quite oblique, its inner end falling behind the line of the internal cusp. The 
enamel, where not worn by attrition, is marked by linear rugosities. 

Measurement~!. · 
M. 

Width of the molar behind...... . . . . . . . . . . . . ............... ·.. . . .. . . . . . . . 0. 023 
Elevation of the cusp from base of the crown. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 0. 010 
Elevation of the posterior crest at the middle (half worn)...... . . . . . . . . . . . . . 0. 010 

The Coryphodon cuspidatus was about the size of the C. simus. In its 
characters, it marks an extreme position in the genus, in its internal cusps 
and lateral cingula. Remote approximations to the former peculiarity are 
seen in the C. obliquus and C. lobatus, in the presence of a low crest or flat 
tubercle in the san1e situation. The C. lobatus ·differs especially in the 
absence of lateral ci~gula, large heel, and much larger size. 

Coryphodon obliquus, Cope. 

0 Plate xlvii, figs. 1-7. 

This species is represented by the greater part of the left ramus of the 
mandible, and a portion of the right one, with the last two molars and a 
canine tooth. These pieces are of robust proportions, and present various 
specific characters. 

rrhe mandibular ramus is of small vertical and of considerable trans­
verse diameter. It is deepest below the last molar, the depth gradually 
diminishing anteriorly, and more rapidly posterior to that point, where the 
inferior border is concave upward. This is quite different fi~om the form of 
the rarnus in C. radians, where the vertieal diameter is greatest at the last 
premolar and least at the last true molar, and ·where. the inferior border is 
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not so incurved posteriorly. The external fac.e of the ramus is convex, and 
the masseteric crest well developed; the inner face of the ramus is flat. 
The inferior n1olars are relatively wider than in any other species excepting 
the G. laticlens, but the cusps, especially the anterior ones, are not so elevated 
as in that species. Both the crests are more oblique than in that species, 
and, indeed, more so than in any other of the genus. The posterior crest 
extends diagonally, so that the internal cusp overhangs the base of the 
crown, while the external extremity marks by its anterior border the middle 
of the length of the crown. A low cingulum or heel behind the latter gives 
the crown its oval outline,. but the cinguhun rises to the outer side of the 
inner cusp and disappears. As though in continuation of this ledge, a 
similar crest descends from the opposite or antero-internal side of the cusp, 
and disappears near the base of the anterior crest. From the width of the 
eroded surface of the anterior part of the tooth, the descending anterior 
cingulnt is probably well developed. 

The penultimate n1olar has a very narrow cingulum, and the internal 
lateral crest is not visible in the section produced by mastication. The 
unworn enamel surfac~s are plicate-rugose. The inferior molar, like that 
of the type-specimen of the C. radians, is relatively rather small, on which 
account I have supposed the individuals to be females. The inner side is 
flat, and the section of the remaining portion of the crown forms a segment 
of a ~ircle. Where it joins the inner face anteriorly, there is an obtuse 
ala, as in B. radians; at the corresponding position posteriorly, it exhibits 
the transverse concavity due to the attrition of the superior canine . 

. Measurements. M. 

Length of the bases of the true molars ............................ ~ . . . . . . . 0. 080 
Length of the base of the last true molar .................••.......... - . . . . 0. 032 
'Vidtb of the base of the last true molar ....................... · •.... ~ _ . . . • • 0. 023 
Depth of the ramus at the last premolar... . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 049 
Width of the ramus at the last premolar...... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 0. 028 
Depth of the ramus at the last true molar .......................... ~. . . . . . 0. 058 
Width of the ramus at the last true molar .......................•.. _. . . . . . 0. 031 
Width of tho base of the coronoid process . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . 0. 031 

. { antero posteric,rly.... . . . . . . 0. 020 
Diameter of the base of the crown of the·camne . transversely............... o. 021 

The specimen described is the 0nly one which I can refer to the 

species. 
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Coryphodon lobatus, Cope. 

Plate xlvi, figs. 2-10. 

This species orests on the remains of one individual, which I discovered 
together, and at a distance fron1 those of any other animal. They consist 
of imperfect.fragments of the cranium, with numerous more or less broken 

teeth, representing. all positions in the jaws. These indicate the largest 

species of the genus. 
The characteristic last inferior molar offers certain distinctive features, 

'vhich indicate that this animal cannot be referred to the C. radians. The 
posterior crest is low, especially on the inner side, where .it is highest in 
C. radians, latidens, simus, etc., and rises from a broad, horizontal heel, or 
cingulum, which does not rise to the inner extremity of the transverse crest. 
Anterior to the latter, a crest with angular profile, or compressed lobe, 
extends nearly to the base of the anterior transverse crest, and its external 
base supports rugosities which continue into the posterior cingulu1n. ':rhere 
is no cingulum on the external side of the crown. The anterior descending 

o crest is well developed, the lower part being quite elevated. The basal 

portions of th~ crown exhibit a !-'ather fine rugosity of the enamel. An 
inferior premolar has a quadrate outline, and presents neither external nor 
internal cingula, and a slight one in front. Its size is large. The canines are 
very thick, but the crowns are not so long as in specimens of C. elephantopus 
and C. latidens. . The inferior canine has the flat inner side of considerable 
antero-posterior extent, with a small angular projection in front at its base. 
The remainder of the crown is convex in section, but the posterior face is 
deeply worn by the attrition of the corresponding tooth of the superior series. 

The inner portion of the last superior true molar exhibits the usual 
characters, and is without a continuous cingulum at the middle. The 
penultimate superior molar has a continuous cingulum at the internal 
border and one across the external base of the posterior external crest, 
both of which are wanting in B. elephantopus and B. simus. Of the parts 
homologous with the two external crescents in Perissodactyla, the pos­
terior V is remarkable for its small size, while the anterior is an elevated 
cone, compress~d, and quite distinct from the former. The anterior cingu­
lum is strong, and has been worn by attrition with an inferior molar. The 

14 G R 
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fourth premolar is large in the trans,;erse direction, and rather narrow. 
Its inner crescentic ridge is well developed, and the basal cingulum is 

strong, passing round the inner extremity. A second premolar is similar, 

excepting that the length is_ greater in relation to the width (transverse). 

The prmnolars are more rugose than the molars, and l1ave an external basal 

cingular line of rugosities. The superior canines have huge roots and 
small crowns, of a subtriangular .section. An incisor tooth is remarkable 
for its large size, and the transverse as compared with the vertical extent 
of its crown. The base of the crown exhibits a strong basal cingulum on 
the inner side, but none on the outer side. 

All of ·the teeth, and especially the canines, show by their attrition 
that the animal described is adult. 

M easu.rernents. 

Length of t be crown of the posterior superior molar .................... ~ ... .. 
Width of the postrrior crescent of the penultimate ~uperior molar ......... . 
Elevation of the au terior cone of the penultimate superior molar from the 

base of the crown .................................................... . 
J.;ength of the fourth superior premolar ..................... ~ ............... . 
Width of the same .................. ~ ....•.... , .............................. · 
Width of the second superior premolar ..............•...•..•..••....•.•.. 
Diameter of the root of the superior canine ..•.......•.••...•.••...••..••.. 
Diameter of the base of the crown of the superior canine ..........•....... 
D' t f th f th . . J longitudinal .................••.•••. 

tame er o e crown o e mmsor l transverse .......................... . 
Length of the crown of the last inferior molar .•..........•....•••..•..••• 
Width of the crown of the last inferior molar ............................. . 
Elevation of the inner posterior cusp ...............••...••.•..•..•...•••• 
Elevation·· of the inner anterior cusp ..... ~ ..........•......•...•..•.••.•.. 
Width of the heel behind the posterior crest ......................... _.. . . 
Length of an inferior premolar ............................................ . 
Width of the same .........•......................••...................• 

M. 

0.0::38 
0.014 

0.018 
0.022 
0. 035 
0.029 
0.034 
0.030 
0.016 
0.027 
0.046 
0.030 
0.015 
0.025 
0.0065 
0. 022. 
0.022 

Diameter of the base of the crown of the inferior canine 1 tratnsverset. · : · · · · 0 · 
026 

~ an ero- pos erwr . • 0. 035 
Length of the crown of the same . . . . . . • . . . • . . • . . . . . • . . . . . . . . . . . . . . . . . . . • 0. 053 

But one specimen of this species was found. 'rhe ·corresponding teeth 
of the six specin1ens of the C. radians from New Mexico and Wyoming 
which I have seen, differ uniformly from those of the C. lobatus in the very 
small heel of the inferior molars, the elevated cusps, absence of interna] 
median tubercle, etc. 
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Coryphodon radians, Cope. 

Bathmoi,on radians, Cope, Proc. A mer. Phi1os. Societ.y, 1872, p. 418 (Feb. 16); U. S. 
Geol. Surv. of Montana, 1871, p. 350; Ann. Report U. S. Geo1. Surv. of 
W JOming, etc., 1872, p. 587 (1873). 

Of this large species, the remains are rather abundant in the Eocene . 
beds of New. Mexico. The best-preserved skeleton is that from Bear 
River, Wyoming, which se~ved as the type of the original description. 
This will be fully illustrated in the forthcoming volume III of the quarto 
reports of the United States Geological Survey of the Territories. Of the 
New Mexican specimens, the first includes fragments of the cranium, with 

teeth of all positions, in a separate condition. The second is similar in 
character, but lacks what the first includes-superior molars. The third 
includes a fe·w of the teeth, superior and inferior mol~rs, canine, and incis­
ors, with many parts of the skeleton in a fragmentary condition. Two 
other specin1ehs consist of a superior and inferior true molar and a superior 
true molar. 

The inferior molars present the common characters of very small 

posterior cingula and elevated cross-crests; the canines are not con1presscd, 
and the superior has a triangular section of the crown. The last superior 
moiar has a narrower outline than that of C. elephantopus and other species; 
the length of the crown being less in proportion to the width. 

In the first specimen, it is to be observed that, in the last superior molar, 
the transverse crests are nearly parallel; the posterior divided as usual, the 

. external portion of the crest being a flattened cone. A cingulum·. extends 
round the base of the crown, except externally; it is weak internally and· 
posteriorly, and·strong anteriorly. A ridge rises from the posterior base 
near the· inner extrt1mity, and passes obliquely upward to the interior 
extremity of the anterior crc:.st. This ridge is wanting in the type-specimen 
of B. simus. The enamel is smooth. The crowns of the incisors are trans­
versely expanded. The penultimate inferior molars of both sides and the 
anterior part of the last inferior molar of one side are preserved. The 
former are distinguished by the presence of only a rudiment of a heel, 
which is smaller than in the type-specimen from Wyoming. The cusps ure 
elevated; there are no lateral cingula, and the ~namel is entire I y smooth. 
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The anterior descending crest is well developed. The enamel of the pre­
molars of both jaws is smooth, and the same is true of the end of the crown 

of the canine, whieh is triangular and without grooves. 

Measurements. 
M. 

Length of the last superior molar ..•................ - . . . . . . . . . . . . . . . . . . . . . . o. 031 
Width of the same ................................................ _...... 0. 039 
Width of the last inferior molar .................. _ . . . . . . . . . . . . . . . . . . . . . . . 0. 026 
Width of the penultimate inferior molar ........•.................... ·. . . . . . 0. 026 
Length of the sarne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 0. 038 
Elevation of the inner posterior cusp...... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 0. 016 
Elevation of the inner anterior cusp ........... _...... . . . . . . .. . . . . . . . . . . • . . 0. 025 
Length of the inferior premolar • . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 022 
Width of the same ........................................... , . . . . . . . . . . . 0. 016 
Width of the crown of an inci~:;or . . . . . . . . . . . . . . . . . . q.... . . . . . . . . . . . . . . . . 0. 019 

The second specimen includes the last inferior n1olar, the penultimate 
molar, some premolars, and the superior canine without its apex; also a 
portion of the zygomatic arch. The teeth present typical characters, 
including the smoothness of the enamel. The posterior heel is rather 
better developed than in the first-mentioned specimen, resembling in this 

respect the typical specimen from Wyoming. It is a narrow ledge, which 
rises very steeply to the outer base of the inner tubercle, and then, in the 
last molar, sends off a short rugose continuation inward, which does not 
extend beyond the posterior face. The posterior outer angle of the V of 
the inferior premolars is quite protuberant. The base of the crown of the 
superior ~canine is a spherical triangle in section. The teeth indicate a large 
animal. 

1J1 easurem ents. 

Length of the last inferior molar ......................................... . 
Width of the same ........... _ . . . . . . . . . . . . . . . . . . . ....... _ ............. . 

Elevation of the inner anterior cusp of the same ........................... . 
Elevation of the inner posterior cusp of the same ... , .......... _ .......... . 
Elevation of an inferior premolar . . • . . . . . . . . . . . . . . . . . . . . . .............. , 
Length of the same...... . . . . . . . . . -. . . . . . . . . . . . . . . . . . . ............... . 
Width of the same _ . . . . . . . . . ...................................... _ ... . 

Diameter of the base of the crown of the superior canine { gl rt:>a.ter · · · · · · · · · 
esser .......... . 

M. 
0.039 
0.027 
0.024 
0.016 
0.021 
0.023 
0.018 
0.030 
0.025 

The zygomatic process of the n1alar bone is rather fiat and not stout; 
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the inferior anterior tuberosity is not prominent. Depth at that point, 
om.o45. This specimen, like the last, was adult. 

The remains of the third spechnen were found strewn over a consider­
able extent of a slope of the bad-lands, where the water~:; of erosion had 
scattered them either directly or by the undermining of the bed in which 
they had lain. The little ravines, whose divergent courses mark the l~nes 
of drainage, abounded in the fragments, while a few yet remained project­

ing ~long the crests of the dividing ridges. The marl has at this spot a red 
color, and all the bones partake · of it. A more remarkable example of 
breakage I have seldon1 seen. The long bones were broken into short 
sections as though sliced with a knife; an·d many of the fragments were 
fractured as though 'in cleavage-planes. The pieces, collected in packages 
as they. were .found lying,.forn1 a·considerable bulk; but I have not had 
the success r·"'had· anticipated in reuniting them. It is, however, evident 
that two. ai,liJ;n~tls .are mingled in this mass;· the largest of which I refer to 

• the C. radians, referring· to the teeth, which I found in close juxtaposition, 
as the ~epre~en~ati vee: portions. . 

The teeth agree .in technical characte~s very closely with those of the 
type, and the spechnens above described, with one exception. The poste­
rior cingulum, or heel, has the same reduced proportions and the crests the 
elevation. The anterior descending crest is strong, and there are no cin­
gula; but, instead of the enamel being smooth, it is everywhere marked 
with delicate flame-like ridges. The animal is younger than those just 
described, but not more so than the type, the crests being worn, as in the 

latter, by attrition, which has just reached the· dentine. A trace of the 
rugosity only exists in the type-specin1en, so that it must be regarded as a 
strong individual peculiarity of the present animal. The inferior canine is 
a much larger weapon than that of the type, but not larger than that of a 
second specimen, also fron1 vV yoming. The inner face is flat, and the 
remaining su1face strongly convex. The antero-interior margin iR produced 
into an aliform ridge; the postero-interior margin consists proximally of 
two angular ridges separated by a groove. 'rhis ridge is simple _in the type 
of C. latidens. The crown is curved upward and a little outward. A ·supe­
rior first n1olar resernbles strongly ono fro1n the locality of the Wyotning 
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type, of uncertain reference. It differs in the absence of cingulum from 
the inner side of the base of the crown, which is strongly developed in the 
Wyoming specimen. The posterior Vis narro,v, and produced well inward, 

and a strong ridge passes within its inner base from the posterior cingulum 
to the anterior transverse crest. The anterior external crest ·is a small 

flattened cone, whose external face is half as wide as that of the posterior. 
Anterior cingulum strong. An incisor is large, and has the form of those 
of the type. Its crown is higher than w:ide and without basal cingula. 

Measurements. 

Width of the posterior molar (inferior} ..•••.•...••.......••.•.••.••.•••. o. 

Length of the penultimate molar ......••............•.•...............•... 
Width of the same ... ~.. . . . . • . . . • . • • . . . . • . . . . . . . . . . . . • • . . . . . . . ....•••• 

D. t fth . £ • • {antero-posterior .•.... ~····················· 
tame er o e m enor camne transverse .•......•..•..•..••.••.••.•... 

0
• 

D. t f th fi t t 1 { antero-posterior ...••..••..•....•. 0. 
1ame er o e rs upper rue mo ar transverse .....•....•...•..•...••.. 

Trans..-erse extent of its posterior external crest ..........•••..•.••.•.•.•••. 
Antero-posterior extent of its posterior external crest ....•..........•....••. 
Height of the crown of the incisor .•.....•.•........••••...... = • •••••••••• 

Width of the crown of the incisor ...................••.•..•..•..•.•••.•. o. 
This animal I suppose to be a male. 

M. 
0.028 
0.037 
0.026 
0.030 
0.028 
0.032 
0.032 
0.020 
0.011 
0.026 
0.022 

The other individuals of Corypha.don radians do not exhibit any charac­

ters not already mentioned in preceding descriptions. 

Coryphodon latidens, Cope. 

Batltmodon latidens, Cope, System .. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 20. 

Represented by both mandibular rami with dentition nearly complete, 
by the left premaxillary bone with its teeth, and by a right superior canine. 
These portions belong to a species of about the size of the B. elephantopus, 
but one of a shorter and n1ore robust form of skull. It differs in the same 
way from .B. radians, besides being of distinctly smaller size. 

The rami are stout, especially below the last molars, and not shallow 
anteriorly. Posteriorly, below the last molar, the inferior border retreats 
upward, so that ~he angle of the jaw is opposite to the superior fourth 
of the vertical diameter of the ramus at the middle. The inferiO'r border 
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of the angle is slightly deflected. The condyle has great transverse extent, 

and presents upward externally and partly backward internally. The coro­

noid process rises from .the plane of the col)dyle a little in advance of it, 

and is recurved at the apex ; its anterior face is wide from the base to the 
summit. The profile of the symphysis descends at about an angle of 45 °, 
and then curves backward in the plane of the rami. Its anterior face is 

rather flat, and its incisive border broadly convex, as in C. elephantopus, and 

not produced forward, as in C. radians. 
The canines are large and acute, and are directed at an a!ngle of 45° 

upward, and 90° outward, the apices turned b~ckward; the crown is sub­
triangular, and has a slightly alate anterior angle. External face convex, 
and without angle. Each is in contact with the external incisor, but is 

separated from the first molar by a diastema. There are five premolars on 

each side in this specimen, of which the second is probably intercalated 
abnormally, as it is smaller than the others. The crown~ of the premolars 

are elevated, and their posterior crests short. The tru~ molars are charac­
terized by their short antero-posterior diameter as. compared with their 

transvers~. The anterior descending. cre~t is but little marked, and its 
terrnination at the inner extremity is not prominent as in other species. 
The anterior transverse crest is distinctly higher than the posterior, and its 
posterior face is scarcely marked by the connecting ridge~ The latter is 
well marked on the front of the posterior crest, while a very narrow ledge 
represents the wide cingulum of such species as the B. lomas. Enamel 
ge·nerally rather finely rugose. The premaxillary bone is short and elevated, 
and its teeth are large and with a rudimental cingulum on the outer fa?e. 
Superior canine with triangular section of the crown. It is directed slightly 

• outward, and curved slightly backward. The anterior face, though not 

much worn, has lost its coat of enamel through attrition with the inferior 
canine; it is nearly as wide as the slightly convex postero-internal face. 
The external face is nearly as wide a~ the anterior, is slightly convex, and 
bears on the proximal half one-third the width from the posterior border, a 
straight ridge, which is parallel with the anterior border. This ridge is not 
present in the teeth of C. elephantopus, C. lobatus, etc., but is present and 
longer in C.·molestus. The canines are particularly large and acute in the C. 
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latidens, and the superior exhibits a larg~ pulp-cavity. The enan1el-face 
extends high up on the posterior faqe. 

lJieasurements. 
M. 

Total length of the jaw from the angle to the incisive alveolar bor<ler. . . . . . • 0. 306 
Depth of the ramus at the third premolar . . . . . . . . . .. . . ....... ~. . . • . . . . . 0. 063 
Depth of the ramus just behind the last molar . . .. . . .. . . . . . . .. . . .. .. . .. . . . 0. 035 
Diameter of the ramus at the last molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 035 
Elevation of the coronoid process. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0. 160 
Width of the condyle...... . .. . . . .. . .. .. . . .. .. . . . . . . . . . . . .. . . .. .. . .. . . . 0. 080 
Length of the dental series..... . ...................... ~.. .. .. . . .. . . .. .. 0. 156 
Length of the true molars .................. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 080 
Length of the penultimate molar ......... "... .. . . . . .. . . . . . . . . . . . . .. .. .. . . . 0. 030 
Width of the Rame . • . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 0. 027 
Length of the last molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0335 
Width of the same . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0260 
Diameter of the canines at the base. . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . 0. 032 
Width between the bases of the canines... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 053 
Length of the crown of the canines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 063 
Length of the superior canine preserved........ .. . . .. . . . . . . . . . . . . . .. . . . . . 0.135 
Length of the crown of the superior canine............................... 0. 093 
Long uiameter of the crown at the base .... -. . . . . . . . . . . . . . . . . . . . . . . . . • . . 0. 031 
Antero-posterior uiameter of the crown at the base .. . . . . . . . . . . . . . . . . . . . . . . 0. 024 

The lower jaw and portion of the upper jaw above described were 
found in the normal immediate relation in the closed mouth. Immediately 
below the skull was found a humerus distorted by pressure, and, in close 
proxin1ity, an atlas, parts of sternum, ribs, and other elements. The atlas, 
sternal segments, and ribs afford some distinctive characters. 

The atlas is short, and the lateral facets for the axis are moderately 
oblique, with a backward slope. The anterior cotyli are deep, and with 
nearly vertical long axes. The inferior face is without . tubercle, and its 
posterior border is convex, the anterior concave. The neurapophyses 
are steep, and there is a short, obtuse, neural spine. The antero-posterior 
extent of the transverse processes is small, as its anterior base is much 
behind the middle of the longitudinal diameter of the atlas. It is pierced 
by the vertebral fora1nen from behind, above the facet of the axis down­
ward; the foramen issuing in the middle of the wide anterior fa~e of the 
process. The usual foramen pierces the neural arch above and within the 

cotylus. 
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The ribs are compressed for a great part of their length. The hremal · 

segments are ossified as far as the sternum, and are less compressed. Two 
sternal segments are preserved, with three hremal segments adhering to cor­
responding angles. The segments are Hat and su bquadrate, the lateral 
borders slightly concave, and thinned by a rounded bevel from one side only. 
Anterior and posterior margins thickened, with rib-articulations at the angles. 

Measurements. 
M. 

Transverse extent of the distal end of the humerus. . . . . . . . . . . . . .. . . . . . . . . . . . 0. 100 
Transverse extent of the atlas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 170' 
Transverse extent of the neural arch of the atlas behind... . . . . . . . . . . . . . . . . . 0. 094 
Transverse extent of the axial facet of the atlas behind. . . . . . . . . . . . . . . . . . . . . 0. 043 
Antero-posterior length of the atlas....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 060 
Antero-posterior length of the ba~e of the neural arch.................. . . . . 0. 045 
Antero-posterior length of the base of the transverse process. . . . . . . • . . . . . . . 0. 025 
Vertical diameter of the atlas behind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 095 
Width of a rib a little below the tubercle . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 0. 023 
Width of a rib of the hremal portion . . . . .. . . . . . . . . . . . . . . . . • . . . • . . • . . . . . . . 0. 018 
Width of a segment of the stern urn... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 058 
Lengt.b of a segment of the sternum ........••....... -..... . . . . . . . . . . . . . . . . 0. 055 
Thickness of a segment of the sternum in front....... . . . . . . . . . . . . . . . . . . . . . . 0. 015 

But one specimen has come under my observation which I can refer 
to this species. It is about as large as an Ox, of not more than medium 
proportions. The species is well distinguished from the others with 
superior canines with triangular section, by the short, wide crowns of the 
n1olar teeth, and the rudimental condition of the anterior and posterior 
cingula. 

Coryphodon elephantopus, Cope. 

Plates I, figs. 5-6; li, Iii, liii, and liv, fig. 1. 

Bathmodon elephantopus, Cope, Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 
lOOth M., 1874, p. 10; Id., Ann. Report U. S. Geog. Snrvs. W. of 100th M., 
1875, p. 95, plates v, vi. 

This species is the only one of the genus which is represented by a 
nearly perfect cranium! the corresponding parts in the C. rnolestus being 
injured by pressure. This cranium was found in the hard sandstone which 
divides the Eocene on the Gallinas into two nearly e'qual parts, an~ had 
thus escaped the distortion which the more numerous specimens of C .. lati­
dens, C. molestus, etc., had suffered in the softer argillaceous rock above the 
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sandstone. The mandible is imperfect, wanting a large part ot one ramus 
and the inferior portion of the other; all the teeth are preserved excepting 
the last molar. The dentition of the cranium is perfect, excepting one 
incisor. The cranium and mandible were found in different fragn1ents of 

rock which had ~allen from their position on one of the lower crests of the 
bad-land mass, figured in cut 15, pag~·91, Ann. Heport U .. S. Geog. Survs. 
W. of lOOth l\I., 1875. The largest mass, which weighed perhaps two 
tons, contained the upper cranium and the femur; the other fragn1ents were 
smaller, and lay in a ravine on the opposite side of the ridge, from the 

summit of which all the masses had fallen, an~ on part of which a portion 
of the sandstone bed still remains. In one block occurred the sy~physis, 
with incisor and canine teeth, and parts of both rami ; in· another block, 
molars of both sides and a coronoid process were found in place. After 
much labor, the specimens were all removed from the matrix, and the sur­
face cleaned for investigation. The cranium has been somewhat obliquely 
depressed. The well-worn condition of the molars shows the animal to 
have been adult, ·and the powerful canines render it probable that it _belongs 

to the male sex. 
Viewed from the side, with the molar grinding-surface horizontal, the 

profile displays a strong elevation and prolongation backward and depression 
and a_bbreviation forward, so far as the cranial roof is concerned. On the 
other hand, the premaxillary region is well produced anteriorly, thus giving 
the nareal opening a di~ection •nearly as much upward as forward. This 
.production is not so great as in the existing Tapirs, but the general effect 
of the profile is Tapiroid. The superior aspect of the cranium shows a great 
width of the frontal and parietal bones, which overhang the temporal fossre, 
a strong contraction behind the canine teeth, and a rounded expansion of 
the premaxillary region. The zygomas have considerable lateral expansion, 
the malar bone projec~ing outward far beyond the plane of the maxillary. 
The latter therefore occupies a sunken position between the malar bone 
and the protuberant canine alveolar wall. The posterior surface of the 
cranJum is rather narrowed and elevated, the general outline being sub­
quadrate, interrupted on each side below by the large mastoid processes. 
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rrhe supraoccipital region is deeply concave, owing to the production back­
ward ?f the lateral and superior walls of the cranial chamber. 

With the cranium in the position described, the occipital condyles present 
partly upward. The united mastoid and paran1astoid processes present a 

wide po.sterior face, and descend to the line of the inferior face of the con­
dyles. The postglenoid process is large, but not very wide, and descends 
a little below the mastoid. The zygomatic process of the squamosal expands 
abruptly outward at the glenoid cavity, and its superior border is continued 
posteriorly external to the line of the postglenoid process, thus roofing over 
the external auditory meatus. The external face of the zygon1atic process 
is convex· and in curved above. The malar portion of the zygoma, just after 

leaving the maxillary bone and opposite to the· last molar tooth, presents 
downward a truncate tuberosity, which has considerable antero-posterior 
extent. The orbital space is contracted by an expansion of the cranial 
walls outward and upward in the position of the superciliary horn of the 
Loxolophodon cornutus. This must have caused the eye to protrude, if it 
were of ordinary proportions. A small rugose tuberosity projects outward 
on the lachrymal bone. The foramen infraorbitale exterius is of moderate 

pro.I?ortions, and opens over the third premolar .. 
The superior walls of the skull are so coossified as to obliterate all 

sutures. Anteriorly, the surface is nearly smooth; toward the middle, it is 
marked with shallow impressed grooves and dots; while, in its posterior 
half, it is so roughened by shallow pits ana wrinkles as to resemble corre­
sponding parts in some Crocodiles and other Saurians. Doubtless in life 
this part of the skull was, as in Reptiles, only covered by a thin epidermis. 
The superior stuface of the skull" is," above the lateral contraction and in 
line with the canine alveolus, swollen into a convexi~y which represents the 
middle corneous process in Uintatherium. These are followed by a con­
cavity, behind which rises on each side the supraorbital tuberosities already 
described, which are larger than the anterior ones, and are separated by a 
longitq~inal concavity. These tuberosities are continued posteriorly as low 
ridges, which unite a little. behind the position of the orbits into. a central 
ridge. This is bounded on each side by a marked longitudinal concavity, 
which begins anteriorly at the margin above the posterior part of the orbit. 
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These shallow gutters converge posteriorly, unite at the abrupt tennination 
of the median ridge, and continue into the deep notch of the posterior 
border of the skull. The lateral borders of the superior face of the skull 
overhanging ilie temporal fossre, commence behind the orbits and slope 
obliquely upward and outward. The margin· makes an open sigmoid 
flexure, having a .long concavity behind the orbit, a convexity just above 
the glenoid cavity, and a slight contraction posterior to that point. They 
project as far backward as the line of the occipital condyles, each side 
forming a prominent angle, separated from the opposite one by an open 
notch. The edge is obtuse and rather thin. The nareal opening is wide, 
and subround in outline. The free portions of the nasal bones are wanting 
in the specimen; but their basis is small, and they were probably insig­
nificant, as in C. lomas. The dentigerous portions of the premaxillary bones 
are obliquely oval in form, the long axis being at 45° inclination to the 
long axis of the skull. The ascending portion extends to the na~al bones, 
although in the specimen the distinguishing suture is invisible. On the 
middle line, they are in contact, but not united by suture; and each sends 
posteriorly a narrow process, which separates each incisive foramen from 
the median line for a distance at least. 

The palatal su1face is not narrowed as in Loxolophodon cornutus, nor 
very concave. Its widest portion is that between the external incisors; it 
is a little narrower between the canines, and narrower still between the 
molars, whose inner extremities form parallel borders of .the palate. The 
contrast between the great contraction behind the canine and the expansion 
of the premaxilla~y region is striking, and results in a short spatulate out­
line. The posterior extremity of the maxillary bone does not project much 
beyond the posterior base of the zygoma., and is separated by a shallow 

groove from the lamina pyramidalis of the palatine bone. The palatal 
border of the nares is short, and extends forward as far as opposite the 
middle of the inner extremity of the posterior molar. The nareal trough 
is elongate and rather narrow. The pterygoid processes of the srhenoid 
bone commence a little behind the anterior borders of the glenoid surfaces 
and just in front of the foramen ovale. They descend with the posterior . 
border directed obliquely forw~rd, and meeting the palatine laminre at an 
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open angle, as in Rhinocerus. The bridge which separates· the foramen ovale 
from the foramen lacentm is produced downward in a short, longitudinal, 
sharp ... edged process. The basicranial axis is stout, and bears on each side 
a longitudinal oval facet, whose middle is opposite the postglenoid process. 
Between their anterior portions, the axis is grooved. The palato-pterygoid 
laminre are nowhere perforate, but there is a basin-like concavity just above 
the infefior angle, at the external base. 

The incisor teeth are separated by spaces as wide as the diameter of 
their roots. The external are a little the smallest, and the crowns the most 
oblique; the length of crown is greatest in the middle pair, where it 
equals the width. The anterior and posterior faces of the crown are both 
convex, the former much the more so. The inner base is marked by a low 
cingulum. 

The canine teeth are very large, and are 'veil worn on the anterior 
face by use. The section of the crown is triangular, forming nearly 
a spherical right-angle triangle. In the longitudinal direction, the posterior 
face is a little concave, the anterior a little convex. There is no secondary 

ridge on either of them. The diastema is short and concave. 
The molars are in good preservation, but the first true molar is so worn by 

mastication as to obscure its structure. The form of the last molar is an irreg­
ular transverse oval, with the posterior border strongly convex or angular. 
This angulation is more pronounced than in C. radians. The posterior crest 
is also angulate, so that while the inner portion is parallel with the anterior 
crest, the outer portion ·converges toward it, but not so strongly as in C. 
molestus. The anterior fold sends a fold downward and backward at each 
end, the inner of which is continued as a basal cingulum as far as the 

posterior angle. The anterior cingulnn1 is strong, b.ut it does not pass round 
the external base of the tooth. There is an imperfect cingulum round the 
interior extremity of the last two molars, but none on either extremity of 
any of the other teeth. The posterior external V of the penultimate molar 
is wide from· border to. border; the representative of the anterior Vis a 
protruding trihedral cone, quite distinct from the posterior. The anterior 
transverse crest sends downward posteriorly a fold at each end, the 
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anterior of which continues as a basal cingulum to the postero-exterior 
angle of the tooth. 

The crowns of the premolars consist of a large external and 
smaller internal V, the latter of which in the first is a mere internal 
cingulum. The ext~rnal V is concave on its extero-inferior side or back, 
and has a strong convexity at the base of each border. It is nearly flat in 
the first premolar. 

The portions of the mandible which, from the place of their discovery, 
might be supposed to pertain to the cranium described, are found to fit into 
their presumed positions. Thus the syn1physis presents the wide and rather 
flat form of the premaxillary region, and the canines and incisors apply 
readily. So also do the premolars and. molars, especially in a peculiarity 
of wear of the first premolars and the worn condition of the first true 
molar. The inferior incisors are nearly in contact by the lateral angles of 
their crowns. 'fhe external are smallest, and exhibit an obtuse vertical 
ridge just external to the middle of the interior face. The same ridge 
exists in the second incisors nearer the external border, with which it 
incloses a fossa. There is no diastema in front of the canine. The latter 
is robust and is turned outward, the apical portion being at right angles to 
the long axis of the skull. The interior face is flat, as in other species, and 
the exterior very convex. The posterior aspect is worn into a transverse 
face by the attrition of the superior canine. The antero-interior angle of 
the crown is prominent, but its apical portion is worn by the outer edge of 
the external superior incisor. The section of the crown is generally trihedral. 
The diastema is short. The incisive alveolar margin is a regular broad 
curve, and the floor of the mouth gradually deepens to between the diaste­
mata. The premolars of the left ramus are so crowded as to strongly impress 
each other. The posterior median longitudinal crest is distinct but short in 
all; and, in the third and fourth, the posterior base of the internal V is 
protuberant upward. The first true molar is deeply impressed by the 
adjacent premolar. Its anterior descending cingulum is w.ell developed, 
while the posterior cross-.crest abuts immediately on the following molar. 
This, the penultimate, shows cross-crests, which, though worn, have never 
been so elevated as in G. radians and G. latidens. The anterior descending 
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cingulum is strong; the posterior cingulum, or heel, is well developed, com­
mencing at the base of the inner cusp. On the last molar, it was doubtless 
larger. 

The enamel on all the molars, canines, and incisors, where not worn, 
is finely wrinkled.· 

The cranium of this species furnished the· opportunity of obtaining a 
cast of the brain. This has been de::;cribed in its principal features under 
the head of the genus, and is figured on Plate LI of the present work. The 
slight distortion of the skull consequent on pressure is also visible in the 
brain. The cast ten.ninates at the foramen magnum, not extending posterior 
to the cerebellum; here its transverse diameter exceeds that at the cerebral 
hemispheres, but is not equal to that at the middle brain. In excavating 

the matrix from the olfactory chambers, some difficulty was experienced 
in attempting to lay bare the superior and inferior walls, which are doubt­
less of a spongy or cribriform character. On one side of the ·bulb, this 
boundary was probably passed through, giving a larger vertical diameter 
than the true one. 

Mealmrements of tlte brain. 
M. 

Total Jengtl1.. . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 0. 150 
Leugth to the middle brain above .. ~ ..... ·.· ........ -:. . . • . . . . . . . . . • • . . .. . . . . Oo 024 
Length to the cerebrum alJove ......... o •••••••.••••..• - . • • • • • • • • • • • • • • . • • Oo 052 
Length to the base of the olfactory lobes·- ....•• o... . • • • • • • • • • • • • • • • • • • • • • • Oo 090 
Vertical diameter at the cerebellum ........••.•............ o... • • • • • • • • • • • Oo 034 
Vertical diameter at the middle brain ............... .,...................... 0. 041 
Vertical diameter at the hemispheres ... :.... . • • . . • • . • • . . • . • • • . . • . • • . • . • . • . Oo 039 
Vertical diameter of the olfactory peduncles .. -:............................ 0. 015 
,,.,.idth at the cerebellum.................................................. 0. 039 
Wi<l th at the middle lJrain... .. . .. • .. .. . . . . . . .. . • • . . .. .. . . • • . . . . . . . • • • . . . . . 0. 053 
Width at the hemispheres . . . . . . • . . . . . . . . . . . . . . . . . . • • . . . . • • • . . • • • • . . • . . . . . 0. 0!2. 
Width at the olfactory peuuncle .........•..•...•••...........•.. ,. . • . . • . . . • . 0. 026 
\Viuth at the olfactory bulb................... . • . • . . . • • • . • . . • • • . • • • . .. . • . 0. 008 
LPngth below to the transverse constriction.... • • . • . . . . • . . . . • . • • • . • • • . . . • • 0. 024 
Length below to the h;ypophysis ...................... ~ ......... ~ •.. '".... 0. 062 
Length below to the optic nerves ....................................... u... 0. 075 
Length below to the base of the olfactob~y bulb............ . . . . • • • . . . . . . . . . 0. 106 
Length below to the bifurcation of the bulb ..... ~... . . . . . . . . . . . . . . . . . . . • .. • 0. 135 

Comparison with the skull of a young Tapirus roulinii of two-~hirds 
the linear dimensions of the present one shows that the hemispheres are of 
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dispropo11ionately small size. In crania of such relative sizes, if the hemi­
spheres preserved the same proportions, those of T. roulinii should present 
two-thirds the linear dimensions of those of the C. elepltantopus. The actual 
measurements are twice those of the latter, linear; therefore three times as 

long and wide. This gives a proportion of bulk of twenty-seven to one. 

Measu.rements. 
M. 

Length of the cranium from the incisive border to the convexity of the occipital 
condyle...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . 0. 450 

Width of the cranium at tbe posterior part of the zygomatic arch...... . . . . . . 0. 290 
Depth of tbe cranium at the last molar"........ . . . . . . ............... ~. 0. 145 
Length from the incisive border to the posterior edge of the fo'ramen infra:J1'· 

bitale exterius ............•.•. ~ . . . . . . • . . • . . • . . . . . . . . . . • . . . . . . . . . . . . . . 0. 130 
Length from the incisive border to the tuberosity of the lachrymal bone . . . . . . 0. 173 
Width of the anterior nares........ .. .. .. . . . . . . .. . .. . . . .. .. . . .. . . . . . . .. . . . . 0. OG7 
Width at the supraorbital tuberosities.... . . . .. . .. . . . . . . . .. . . .. . . . . .. . .. . . 0. 160 
Width behind the supraorbital tuberosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 135 
Greatest width of the parietal bones . . . . .. . . .. .. . .. . . . . .. . . . .. . . . . . . . . .. . 0.154 
Expanse of the posterior angles of the parietal bones . . . . . . . . . . . . . . . . . . . . . . . 0. 138 
Elevation of the occiput, including the cond~·les, at the middle...... . . . . . . . . 0.130 
Elevation of t.he occiput at the sides .. .. . . . .. . .. . . .. . .. . .. . . .. .. . .. . .. . . . 0.148 
Length of the palatal surface.:-.... .. . . .. . .. . . . .. .. .. .. . . .. . .. .. . . . . . .. . .. 0. 240 
Length of the nareal trough to the foramen o·vale.. . . . . . . . . . . • . . . . . . . . . . • . . 0. 111 
Length of the oval tuberosities of the basioccipital . . . . . . . . . . • . . . . . . . . . . . . . . 0. 022 
Length (perpendicular) of the postglenoid processes ................. ~....... 0. 030 
Width of the palate in front of the canines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 112 
Width of the palate at the canines . . .. . . . . . .. . . .. .. . . .. . . . . .. .. . . . . . . .. .. 0. 141 
Width of the palate at the diastema... .. .. . ........... ~ ....... _.......... 0. OG9 
Width of the palate at the last molars (inclusive) . . . . . . . . . . . . . . . . . . . . . . . . . 0. 125 
Width of the palate between the first premolars . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Width of the palate between the last true molars ...... , . . . . . . . . . . . . . . . . . . • 0. 047 
Width of the palatal notch... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 028 
Width between tbe fora.mina ova.lia..... . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . 0. 040 
Width between the external borders of the postglenoid processes............ 0. lfi5 
Width between tbe external borders of the mastoid processes............... 0.175 
Width of the basisphenoid axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 037 
Width of the foramem magnum...... .. . . .. . . . . . . .. .. . . . . .. . . . .. . . . . . . .. .. 0. 034 
Axial length to the line of the canine teeth ................. ~.......... .. . . 0. 055 
Axial length to the line of the premolar teeth...... .. . . .. . • . . . . .. . . . . . . . . . . . . 0. 106 
Length of the premolar series .............. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 073 
Length of the molar series . . . . . . . . . . . . . . . .. . . . . . ............. ,. . . . . . . . . . . . 0. 085 
Length of the first premolar ..................•.................. _ . • . . . . . . o. OlG 
Width of tbe same ................................................... ~ . . . 0. 017 
Length of the fourth premolar . . . . • . . . • . . .. . . . .. . . . . .. . . • . • • . . . .. .. . . . . . 0. 021 
Width of the same...... . . . . . . • • . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . • . . . . . . 0. 027 
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I.~ength of t_be third molar. . . . . . . . . .. .. . ... . . . . . .. . . .. . . . . . . . .. . . . .. . . . .. . 0. 031 
'Viuth of the same ..... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 040 

J) . f' t.. b f 1. f tl. . ~ anteroposterior . . . . . . . . . . . 0. O~G tameter o ue ase o tue crown o ue camne) t . . , O. 1131, { rdDS\erse ................ . 
J ... ength of the crown (worn) . . . . . . . . . . . . . . . . . . ..... - ..................... . 
vVhlth of the crown of tl1e second incisor .................................. . 
Elevation of the same (unworn) ......................................... ~. 
'iVidth of thA CI'OWn of the second lower incisor ... - ... - ........ ~. · .•........ 
E!evation of the crown of the second lower incisor when unworn ............ . 
J,ength of the crown of the inferior inci~or ................................ . 

W .. ,1 th t tl b {·antero-posterior .............................. - ... -.-
Ju .. a. 1e use 

transverse ........................................... . 
Length of the diastema . . . . . . . ................................ : ....... . 
J ... engthof thesixantedor mo~ars ......................................... . 
Length of the premolar8 ............................... · ................ . 
Leugtll of the penultimate molar . . . . . . . . . . . . . . . . . . . . . . . . ............... . 
'VViutlJ of the same . _ ................................................... . 

O.Ou3 
O.Olt; 
0.018 
o.o:w 
0.018 
0 .. OG:J 
0.025 
0.028 
0.034 
0.12~ 

0.064 
0. 03·1 
0.024 

, A considerable number of loose bones were found on the ground 
amqng the rocks containing the remains described, but I cannot refer the.m 

to the same animal 'vith certainty. 

Coryp~odon simus, Cope. 
. . 

Baihmodon sinws, Cope, Report Vert. Foss. New 1\'Iexico, U. S. Geog·. Survs. W. of 
lOOtll l\'l., 187 4, p. 8. 

The specin1en which first announced the existence of this Ungulate was 
found on a slope of a had-land bluff. It consists of a fragmentary craninm, 
of which a considerable portion was discovered in place, but so cracked as 
to be only removable piece by piece. The reconstruction has gi.Yen one 
prernaxillary bone, with the apex missing; the left maxillary, supporting 
six n'iolars, four in good condition; the right maxillary, supporting one 
n1ol.ar; both mandibular ran1i, with all the molars excepting the first and 
second on one side, with a part of the symphysis; a superior canine, 
incisors and fragments of superior molar~ loose, and nurnerous portions of 
the skull, including the zygomata, etc. 

The teeth of this specimen indicate a smaller animal than those which 
represent some of the other species, being less than those of the type of 
C elephantopus. The inferior rnolars, especially the posterior, are elongate, 
as cornpared ·with their width, and have a well-Inarked heel. The superior 
canine is small, and with trihedral r.rown. 

15 G R 
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The premaxillary bone is, like that of C. latidens, characterized by the 

steep descent of the ridge which continues the lateral border of the nares 
toward the alveolar margin, which it approaches much more closely than in 

C. 'radians and C. elephantopus. Although the prcmaxillaries of the two indi­
viduals of C. simus in possession of the expedition have lost their anterior 

apices, the principal portion remaining has such a similarity of form with 

th~tt of the C. latidens, of ·which the type-specimen includes a pe~·fect speci­
men, that there can be no doubt of their identity of character. The small 
diameter of the fractured base of the apex indicates that it bad little extent, 
and that the n1uzzle was short at its most pro1ninent portion, the upper lip. 
The pretnaxillary teeth preserved present no peculiarities. The superior 
canine accompanying the specimens is small and well worn. Its section is 
that of a subequilateral spherical triangle, with the posterior line slightly 
concave. rrhe posterior face of the crown is quite eoncave in the longi­

tudinal direction, and there is no accessory ridge along the externo-posterior 
angle. The superior premaxillary teeth do not present any peculi2rities. 
The last and penultimate molars present the usu~~l characters. The small 
external cone of the crown of the latter is quite distinct from the posterior 

external V, which is rather wide at the base, 'vhich has no cingulum. 
The posterior molar is not produced backward into an angle, and the 

"l posterior crest is nearly parallel ·with the anterior. This tooth differs 
from the corresponding one of all the other species where I have seen 
it, in the absence of the ridge that descends from the interior extremity 
of the anterior crest backward and down·ward to the basal cingulum. 
The corrm;ponding ridge is well developed in the pcnultin1ate molar. 
Neither molars nor premolars have a basal cingulum on the inner 
extren1ity of the crown, nor any at the external base. The posterior 
cingulun1 of the last molar is small and not continued. The enamel of the 

superior canine and molars is nearly smooth. 
The mandibular rami have a greater vertical diatneter than r.uost of the 

specimens that have con1e under 1ny view, but a portion of it is plainly 
due to extension under pressure. The actual depth is, however, relatively 
greater at the post~rior part than in other specimens. rrhe premolar teeth 
do not display any peculiarities, the first having, like the others, the short 
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median posterior cariniform heel. The descending anterior cingulun1, or 
·crest, is well developed on all of the true molars, and the heel on the last 
two. 'rhis is, on the last molar, uninterrupt.ed, and descends fron1 the inner 
to the outer side, commencing within, opposite the middle of the cusp. 
The crests had not, when unworn, the relative elevation seen in the 
c. radians and a. latidens; and the space between them is relatively greater. 
rrhe entire crown is narrower posteriorly than anteriorly. The enamel is 

nearly sn1ooth. 
An obtusely truncate osseous fragn1ent was found attached to the 

superior posterior angle of the craniun1. I cannot now attach it in place, 
owing to the loss of intermediate frag1nents; but a sketch which I took on 
the spot indicates that it projected, like a free and flattened horn-core, back­
ward in the position of the lateral occipital crest in the 0 elephantopus and 
in Loxolophodor~;. It therefore projected in a vertical plane considerably 
beyond the line of the occipital condyles. Its free end is somewhat 
thickened. 

JJ[easurements. 
M. 

Depth of the premaxillary bone at the second incisor tooth... . . . .. . . . . . . . . . . . 0. 03.:3 
Length of the premaxillar.r bone from the maxillary, iucludiug two alveoli.... 0. 036 
Diameter of the alveolus of the first incisor...... . . . . . . . . . . . . . . . . . . . . .. . . . . 0. 015 

I · f h 1, f h f h . { antero·posterior....... . . . . 0. 017 
)mmeter o t e uase o t e crown o t e camne tram~verse . __ .... __ ... ·. __ . O. 018 

J.Jength of the ua&es of the posterior six superior molars.~.... . . . . . . . . . . . . . . . 0. 126 
Length of the bases of three premolars ..................•........... <..... 0. 051 
Length of the penultimate molar ........ , .................................. 0. 026 
"Vidth of the san1e .............•.... ·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 03.3 
Lengtll of the last molar ........................•......................... 
vVidth of the san1e- ..................................................... . 
Length of seven inferior molars .................................... ~ ..... . 
Lengtll of three inferior true molars .. · ................................... .. 
Length of the penultimate molar .......................................... . 
Width of the same ............................. · ........................ . 
Length of the last molar ................................................. . 
Whltll of the same in front ............................................... . 
vVidth of the same posteriorly.... . . . . . . . . . . . . . . . . .. . . ................... . 
Elevation of the inner posterior cusp ..................................... . 
Depth of the ramus at the last molar .......•...............•.......... , .. . 
Deptll of the ramu~ at the'la8t premolar ................................... . 
Vertical diameter of the lateral occipital protuberance.... . ................. . 
Traus,·erse diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 

0.026 
O.O:JG 
0. 154 
0.081 
0.026 
0.018 
0.034 
0.021 
0.017 
0.014 
0.068 
0.064 
0.06.:> 
0.024 
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Another animal, obtained at another tin10 ancl place, is represented by 

fragments of both n1andibular rami, with tnolar teeth. The posterior rnolar 

closely resembles that of tho preceding specimen. Accompanying these 
are the extremities of both of the tibim. These arc very flat, and the 

obliquities of tho anterior and posterior faces are ·nearly equal. The cal­

caneal articular facet is 'vide, and but little produced beyond the astragalar, 

ancl is sepnrated by an oblique low crest, which only extends part way 
across the extremity of the bone. 

Jleasurement8. 
1\I. 

Long tliameter of tbe end of tlle tibia ......... , ... 0 .... 0... . . .•.•.. 0. 0... 0. OG7 
Short diameter of tbe encl of the tibia ........................... ~.. . . . . . . . 0. 043 
Diameter of the shaft two iuch~s above the astragalar facet.................. 0. 026 

A considerable number of bones of a third individual were found near 

the locality of the one first described. Tho pren1axillary, n1axillary, ancl 
mandibular bones are included, the first two without teeth. The posterior 
mandibular tooth is also 'vanting, whiell circtunstance renders the identifica-
"" 
tion of the species less secure than is desirable. '"fhe forms of the remaining 

teeth, with the canine and premaxillary bone, are those regarded as charac­
teristic of the Coryplwdon sim~ts. N unwrous bones of the li1nbs acco1npany 
the cranial fragments, but they belong to more than one individual. The 
distal ends of the femora belong to a small and a large individual. Both 
agree in having a moderately-elevated patellar groove, with the inner edge 

slightly elevated, and. a notch in the outer edge tnarking the commencement 
of the condylar stu-face. '"fhe humeral head and condyles are relatively 

large as con1pared with the femur, as is usual 'in the genus. '"fhe articular 
surface of the latter is shallowly· hourglass-shaped, and without ridges. 
The greater tuberosity of the former is very large and incurved, and 
separated by a n1arkod bicipital notc_b from the narro,v, projecting, les~er 
tuberosity. The heads of the femora are round, 'vith the fossa of the lig(t­
menhtm teres forming a deep notch from the border. 

The teeth found 'vith these specin1ens are of the normal sir.e of this 
species, and the ena1nel is nenrly smooth. 
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Coryphodon molestus, Uope. 

Bathmodon molestus, Cope, Heport Vert. Voss. New MP.xico, U. S. Geog. Sun·s. vY. of 
lOOth l\f., 1874, p. 9. 

Batkmodon lomas, 1. c., p. 9. 

One of the bad-land buttes of the Gallinas exhibits a bone-bed coin­

pqsed of skeletons of Coryphodonts lying together and dislocated in variou~ 

degrees. Several days were spent in excavations, and n1any bones were 

secured, which represent all portions of the skeleton of seYeral individuals. 

The cranial fragtnents ·with dentition belong to two species, the Coryphodon 

latidens and the C. rnolest~ts. The bones found in itn1nediate proximity t~ 
the jaws of the former have been described in connection with them, and 
the bones found in connection with the craniurn of C. nwlestus are described 
here. It is extremely probable that the latter belong to the same animal. 

The 0. molest-us is represented by a nearly entire cranium, including 
mandible obliquely distorted by pressure. Immediately associated were 
found fore and hind limbs ·with the feet, scapular and pelvic bones, ·with 
cervical vertebrre. Bones of two or three other skeletons were found in 

proximity to these. Most of them are distorted by pressure, the feet being 
in the best state of preservation. Fragrnentary skulls of two other indi­
viduals found in remote localities present the characters of this species. 
One of them includes the grooved canine. teeth. 

The 0. molestus is distinguished by the for1ns of its canine and 1nolar 
teeth and its premaxillary bone. 'rhe superior canine is more com­
pressed, and has a narrower section than that of any other species of the 
genus, approaching in this ~espect the Metalophodon arrnatus. Tho anterior 
face of the crown is the narrowest, and is concave in section, consisting of 

an open groove, which narrows toward the apex. 'The posterior face of the 
crown is the widest, and, like the exterim;, slightlyco~vex. Tho three angular 
n1argins are acute and trenchant, but not serrate. The inferior canine has a 

flat interior and convex exterior face, which ~re separated by anteriorly 
and posteriorly directed cutting-edges. They differ distinctly frotn those of 
the C. elephantopus and the C. latidens, where the section is triangular to the 
apex, the external angle being rounded. The size of these teeth is less 
than in other species, which is partly to be t.~aced to the young age of the 
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animal in the type, since the last molar tooth, both above an<l below, is but 

just protruded. But their peculiar form cannot bo traced to this fact, since 

the apical portions of the canines of other species differ utterly fro1n the 

corresponding portions in the C. molestus. The ·last inferior molar resembles 

that of the C. siinus in having a strong cingular heel behind the posterior 

crest, and in lacking all tubercle or cingulum between the internal extremi­

ties of the cross-crests. The general form of the crown is elongate, and 

the anterior descending crest is large, and extended well anteriorly to the 

inner side. 'rhe premaxillary bone is produced forward, so that the alveolus 

of the first incisor tooth is entirely in the horizontal portion, which is about 

om.o2 longer than the vertical portion to its extrmnity in contact with the 

nasal bone. 

Tho cranium of the typical individual presents the strong supratem­

poral crests already described in the C. elephantopus. They extend frorn 

behind the orbits, and are produced so as to extend far behind the vertical 

plano of the occipital condyles, uniting in a deep notch on the middle line 

of tho superior surface. Thus the supraoccipital region is deeply concave. 

'rhe mastoid processes are stout, descending to a little below the line of tho 

inferior borders of the occipital condyles. They present a deep fossa on 

the superior part of the external side, which don btless marks the sutural 

separation of the paramastoid from the mastoid portions. 'rhe latter is con­

tinuous above ·with the prominent inferior border of the ten1poral fossa, 

which overarches the meatus auditorius extern us. No tuberosities nor horn­

cores appear on the superior surface of the skull. The superficial layer 

of bone on the posterior half has a fino reticulate rugosity. The nasal 

bones are narrow anteriorly, and their free diHtal portion is nalTO,Y7 short, 
and rather stout, and a.C1..1n1inate in outline. They do not extend so far 

forward as tho anterior ~argin of the palatal portion of the prm~axillary 
hones, but reach about to· the line of the point of the posterior divergence 

as defining the inferior border of the external nares. They are well dis­

tinguished by persistent st1'1:ure. The ascending portions of the premaxillary 

bones are nearly vertical, and are narrow. The horizontal portions do not 

appear to be suturally united on the 1nedian line, but are in close contact. 

A view of the skull f1·on1 below shows that the condyloid surfaees are 
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entirely distinct. A low ridge or angle extends forward from each of them, 

and unites with its fellow on the middle line opposite the auricular meatus. 

The median ridge thus formed disappears at the sphenoid cross-suture, ~nd 
here there exists on each side a low tuberosity which is equally transversely 
divided by the suture. A little anterior to this point, the external inferior 

margin of the basisphenoid is produced downward and forward into a short 

longitudinal crest, whose anterior base is pierced by the foramen ovale. 

The mandibular rami are preserved excepting the posterior portions, and 
support· all the teeth. They are rather shallow, and exhibit the usual 

upward concavity of the inferior border at and behind the last molar tooth. 

The inner face is flat, the external convex. The symphysis is elongate, 
reaching to the posterior border of the second inferior premolar. 

The teeth are all preserved, and in good condition. They are but 
little woFn, and the last molars in both jaws have their posterior portions 
not fully protruded. The last superior molar has the usual strong anterior 
cingulum, but none on the external and internal borders of the crown. 
The anterior cross-crest is concave backward, and the posterior cross-crest 

is similarly concave. The ant'1rior crest at its inner end sends a crest 
downward and backward, which becomes a posterior basal cingulum. This 
forms an angular protuberance opposite the middle of the posterior crest, 
and there tern1inates. 'rhis is different from the arrangement in C. radians, 

where this descending cingulum rises again, and is continued upward into 
the anterior extremity of the posterior crest. -In the penultimate n1olar, the 

posted or V is large and w:ide, and without external basal cingulum; the 
anterior V is represented by a conic cusp, little distinct from the border of 
the posterior. 'rhe anterior cross-crest is very prominent, both externally 
and internally; its inner extremity rises into a broad obtuse cusp, which is 
also the termination of a strong cingulum fron1 the· posterior side of the 
crown. Besides this, there is a strong anterior basal cinguhun, but none on 
the inner side. The antepenultimate molar is considerably smaller than 
the penultimate, but is generally like it except in the better development of 
the anterior external V, which is flat externally and convex internally. The 
premolars display the usual characteristic of a single external V rising to 
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an acute apex, and an internal cusp rising frorn anterior and posterior 

basal cingula. No internal nor external basal cingula. 

I have already giYen a general description of the superior canine. To 

this I add, that near the hasc the posterior cutting-edge is replaced by two 

ridge::;;, which inclose a shnllow groove between them. ':rhe anterior one 

disappears ncar the Iniudle of the crown, anU the posterior becornes the 

true edge. 
The superior incisors are large, and the crowns have a longitudi­

nally oval outline. They are marked with a ridge on the anterior 

internal aspect, which is so strong on the second and third as to give the1n 
a triangular section. They have no external basal cingnlnn1. rrhe crowns 
of the inferior incisors are not different in outline, but they lack the external 

longitudinal ridge, and have a weak internal basal cingulun1. 
The inferior molars present neither internal nor external cingula. The 

prmnolars are stout and elevated; the posterior heel is scarcely recognizable 
on the first, whi~h is equal in transverse and longitudinal diarneters. The 

posterior cinguhun, or heel, is as well1narked on the penultimate as on the 
last molar, and is distinct on all the· true molars. Like the third, the first and 

second true n1olars are rather elongate, and have a well-developed descend­

ing anterior cres-t. Tlw eruunel of all the teeth is obsoletely rugose. 

1.lleasurements of tlte skull. 

Lrngth from tile ·posterior nares to the premaxillary alveolar border ..... . 
J .. eugth of the series of superior molars.. . . . . . . . . . . . . . . . . . . . . . . . ......... . 
J..,ength of the superior· true molars ........................................ . 
J..,cngth of the lwrizontal portion of tile pre~axillary ...................... . 
Length from the foramen magnum to the foramen oYale .................... . 
J..,ength of the basioccipital bone to the sphenoid . . . . . . . . ................. . 
Vertical lcugtll of the mf1:stoi<l proce8s .................................... . 
\Vidth of the ~upraoccipital region ....................................... . 
Wi<lth of the antPrior nares . . . . . . . . . . . . . . . . . . . ......................... . 
'i\7 i~lth of the palate at tile last molars.... . .............................. . 
Depth of the mandible ju:-;t behind the last inferior molar .................. . 
Width of the mandible at the same point ................................. . 
'Vidth of tlle free portion of tlle nasal bones at tlle base ................... . 
Length of tile last upper molar .......................................... . 
'Viflth of the same ..................................................... ~. 

M. 
0.270 
0. 148 
0.085 
O.OG5 
0.0!)5 
0.0.:15 
0. 0:30 

0.080 
0.044 
O.Oa!J 
0.055 
0.034 
0. 0:!-l 
0.030 
0.037 
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Length of tlle penultimate molar. . . . . . . . . . . . . . . . . . . . . . ...•• ~... . • . . • . .. . • . 0. 033 
Width of the same.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 0. 030 
Length of the first true molar . • . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . 0. 026 
Width of the same...... . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . • . 0. 028 
Length of the last premolar . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . . . . . . . . . 0. 017 
Widtll of the same ...................... :. . . . . . . . . . • .........• ,. .... < • • • • 0. 025 
LPngth of the last inferior molar...... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 037 
vVidth of the same ............ _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 023 
Elevation of the posterior crest of the last inferior molar.... . . . . . • . . . . . . . . . . 0. 015 
Length of the first inferior true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 025 
'Vidth of the same . . . . . . .. . .. . . . . . . .•. . . . . . . . . . . . . .. . . • . . . . . . . . . . . . . . . . . 0. 017 
Length of the free portion of tlle eanine ............•..••......•........... 

Diameter of the same {antero-posterior · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ··· · 
transverse ......................•............•..... 

0.045 
0.0~0 

0.011 

In association with this cranium ·were found various bones of the skele­

ton. FirRt in order comeR the atlas, of which the greater part was obtained. 
It is of 1noderate length, and has the condyloid cup well excavated. The 
transverse process is horizontal and flat, its transverse extent exceeding its 
longitudinal. The vertebral canal enters it behind just above the posterior 
margin, and issues on the inferior face a little behind the anterior margin, 
at a point ·which marks the middle of the long axis of the vertebra. The 
end of the transverse process fs not widened; but is a little thickened. 

Neural arch destroyed. The axis is preserved with the loss of its neural 

arch. The body is flattened and snbquadrate in outline, expanding to the 
faces for the atlas, and terminates anteriorly in a remarkably long odontoid 
process. It is not keeled on the middle line belo\.v. The posterior articular 
face is vertical, not oblique, and somewhat concave. . The faces for the atlas 
slope well backward. rrhe odontoid is two-fifths the length of the axis; 
its superior face descends obliquely to the inferior face near the end; the 
inferior articular surface extends its entire length. 

lll easurements. 

Vertical diameter of the posterior fare of the atlas ......................... . 
I.Jcngth of the base of the t.rausverse process of the atlas .......... ~ .. ~ .... . 
Length of the transverse process of the atlas ............................. . 
Longitudinal width of tlJe atlas near the end.~ ................•.....•...... 
Total length of the a.xis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Length of the odontoid process ........ -.................................. . 

l\I. 
0.030 
0.037 
O.O:J6 
0.028 
0.091 
0.008 
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Diameter of the posterior articular face f vt ertical · • · · · · · · · · · · · · · · · · · · · · · · · 0. 035 
t ransverse . . • . . . . . . . . • . . . . . . . . . 0. 050 

Width of the expanse of the anterior faces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 084 

Diameter of the odontoid at the base { vertical · · · · • · · · · · · · · · · · · ·· · · · · · · · · · · · 0. 024 
transverse . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 022 

Three other cervical vertebrre in ·a fragmentary condition accompanied 
the above. The centra of two are nearly complete, and exhibit the prin­
cipal characters. They are short and wide, and somewhat oblique. The 
articular faces are ovals extended in the transverse direction, and the poste­
rior is moderately concave, and the anterior proportionately convex, but 
not so strongly so as in the Tapir. Though resembling the cervical vertebrre 
of the Carnivora rather than those of the Tapirs, they are shorter than in 
the Lion or the Bear, but not so short as in Eobasileus pressicornis and the 
Elephants. 

Measuremonts. 
M. 

Length of tbe centrum ............................................ 0 • • • • • • 0. 023 
Width of the articular face ............... 0............... . . . . . . . . . . . . . . . . 0. 055 
Depth of the same. . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • . • . . . . . . . . . . . . . . . • . . . . . • 0. 022 
Length of another . . . . . . . . . . . . . . . . . . • . . • . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 023 
Width of the neural canal. .................... -.. . • • . . . . . . . . . . • . . .. . . . . . . 0. 027 
\Vidth of the articular face ........... ~... . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 056 
Depth of the same. . . . . . . . • . . . . . . . . . . . . . • • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 029 

The general characters of the fore foot have been described under the 
head of the genus. The best-preserved one of the present series exhibits 
all the carpals with four nwtacarpals in a single mass, somewhat dislocated. 
rrhe carpals are stout, those of both rows increasing in sit":e frorn the inner to 
the outer sides of the pahn. The second and fourth metacarpals are of 
equal length, while the third is a 1ittle longer; the fourth is much shorter, 
but of equal width. The relative proportions are seen in the following 
n1eat;uren1ents. The phalanges are all wider than long. The unguals are 

tram;versely expanded with gently convex n1m·gin, "vhich terminates in a 
free acnmination on each side. The surface is quite rugose . 

. Measurements. 

\Vidth of the anterior face of the lunar ............. . 
1\f. 

0.038 
Width of the anterior face of the cuneiform....... . . . . . . . .. . . . • . . . • . . . . . . . . 0. 045 
Width of the anterior face of the magnum. . . . .. . . . . • ................ , . . . . o~ 020 
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vVidth of the anterior face of the unciform. . • . • . . . • . . . . . . . . . . . • . . . . . . . . . • . 0. 049 
Width of the anterior face of the third metacarpal , . . . . . . . . . . . . . . . . . • • . . . . 0. 031 
Antero· pol:>terior witlt.h of the articular face of the scaphoid...... . . . . . . . . . . 0. 031 
Antero-posterior witlth of the articular face of the cuneiform. . . . . . . . . . . . . . . . 0. 036 
.Antero·posterior width of the articular face of the unciform.......... . . . . . . 0. 034 
Length of the anterior face of the lunar .. . . .• . • . . . . . . . . .. . . . . . .. . . . .. .. . .. . 0. 018 
Length of the anterior face of the cuneiform....... . . . . . . . . . . . . . . . .. . . . . . . . • 0. 018 
I.Jength of the anterior face of the magnum ........................ _ . . . . . . . . 0. 014 
Length of the anterior face of the unciform ......... ~... . . . . . . . . . .. . . . . . .. . 0. 022 
Length of the second metacarpal. . . . . . . . . . . . . . . . . . . . . . . . . ....... ~.... . . . . . . 0. 071 
Length of the third metacarpal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 076 
Length of the fourth metacarpal . . . . . . • . . .. . . . . . . . . . . .. • . . . . . . . • . . . . . . .. . . 0. 070 
Length of the fifth metacarpal..................................... . .. .. . . 0. 058 
\Vic.lth of the distal end of the third metacarpal...... . . . . • . . . . . . . . . . . • . . . . . 0. 030 
Width of the distal end of the fourth metacarpal..... . . . . . . . . . . . . . . . . . . . . . . 0. 029 
Width of the distal end of the fifth metacarpal.... . . . . . • . . .. . . . .. . . . . . . .. . . 0. 030 
Length of a proximal phalange . . . . . . . . . . . . . . .. . . . . . . . . . • . . . . . . . . . . . . . . . . . 0. 02~ 
'\Vic.lth of the same..... . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 029 
Length of an ungual phalange· ........................................... ,o 0. 014 

Width of the same J p~oximally .. · ·-- .... · · · ·· · • .. · · · · .... · · · · · · · · · • · · · · · • 0. OHi 
t dtsthlly . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 027 

Depth of the same proximally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 0. 011 

rrhe distal portion of a radius of the same series is somewhat flattened 
by pressure. ".I:'he shaft is wide, and presents a longitudinal angle of the 

superior surface near the inner margin. Beyond the expansion, the bone 
contracts considerably to the carpal articular face, which is small in both 
diameters in comparison with the size of the shaft. It is oblique, owing to 

the production of the extremity at the inner angle, and the superior border 
is recurved backward. · 

llfeasuremcnts. 
M. 

Greatest width of the shaft of the radius . . . . . .. . . . . . . . . . . . . . . . • . . . . . . . . . . . . 0. 057 
Width of the distal end of the radius . . . . . . . . . . . . . . . . . . . . . . . .. • . . . . . . . . . . . . 0. 045 

Diameter of the carpal articular face { tra.u~verse. · · • · · · · · · · · · · · · · · · · · · · · · · · 
vertical . . . . . . . . . . ................. . 

0.03H 
0.018 

A femur associated with the preceding bones is as large as that of a 

medium-sized horse. The shaft is not stout, and is compressed. The ~bird 

trochanter is small, and rnarks one-third the length from the middle of the 
little trochanter to the condyles. The little trochanter is well marked, and 
the condyles are large. I-Iead and great trochanter lost. 
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1ll easu'rements. 
M. 

Length of the femur from the little trochanter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 320 
'Vidth at the little trochanter .... , ..............................•........ - 0. 085 
Width at the third trochanter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. OG7 
Width below the third trochanter.... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 0. 055 
'Viuth at the condyles • . . . . . . . . . . . .. . .. . . .. . . . . . . . . . . . . . • . . . . .. • . . . . . . . . . 0. 09~ 
Depth of the inner condyle (oblique) ................ _ . . . . . . . . . . . . . . . . . . . . . 0. 100 

A tibia accompanying the femur presents the tumal character of the 
di~tal extremity, the flat articular face, with descending internal malleolus. 
rrhe shaft is quite slender, and is strildngly less robust than in the, Eobasileus 
pressicornis and other species of that family. The corresponding bone of 
the other litnb, together 'vith the fibula, exhibits a length proportioned to 
that of the femur above described, and my notes state that I discovered 
the ilinm, femur, tibia and fibula, and hind foot in their in1mediate normal 
relations. The head of the tibia presents the usual characters of the genus, 
one of which is the absence of pron1inent crest. The outer fen1oral face is . •. 
smaller than the inner. The shaft is subround; the distal end a transverse 
oval in section, widest at the inner extren1ity. The fibula is entirely distinct 
from the tibia, and has a slender shaft of a broadly oval section placed 
transversely. rrhe head is not much expanded, and its tibial face is very 
oblique. The distal end is expanded antero-posteriorly, but little externally; 
its astragalar face inclines at 45°, and is snbrouncl in form. The external 
border becon1es angular below, and the angle divides a wider external fron1 
a narrow posterior distal face. 

.1lfensurements. 
1\1. 

lJPngt.h of the tibia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 295 
Tramn-rrse diameter of the head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. OUO 
Trawwerse distal diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 065 
A utero-posterior uistal diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 03~ 
Antero-posterior diameter of the shaft...... . . . . . . . . . . . • . . . . . . . . . . . .. . . .. . . o. 030 
lJength of the fibula . . . . . . . .. . . . . . .. . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . .. .. 0. 200 
Antero-posterior diameter proximally .............................. _....... 0. 025 
.Antero-posterior diameter uistally ...................•... _...... . . . . . . . . . . . 0. 03{) 

Diameter of the shaft of the fibula :at the middle.......... . . . . . . ... . . . . . . . . . 0. 0~1 
'l'rans\·erse diameter proximally...... . . . . . . . • . ..... ~ . . . . . . . . . . . . . . . . . . . . . 0. 037 
TrallS\'ersc diameter distally ......................................... -.... 0. o:H 

A second individual is represented in the colle_ctions by two fragtnentary 
1uandibular ran1i of a young anin1al, whose last n1olars are not yet pro-
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truded. The section of the superior canine tooth is precisely similar to that 

of the typical specirr1en, including the two ridges of the posterior cutting­
edge. A penultimate superior molar displays a peculiarity in the distinct­
ness of the cone ·which represents the anterior V, and is as ·well developed as 

the corresponding cusp in the first true molar in the specimen first described. 
The last inferior molar tooth which furnished the description of the 

Bathmodon lomas does not differ in any important respect from the correspond­
ing tooth in the cranium of the specimen here first described. 'l.,he. latter 
enables 1ne to determine the identity of the B. lomas with the C. molestus. 
This tooth is characterized as follows: The anterior crest is much more 
elevated than the posterior, with its inner apex almost a cone, with 
anterior, thick, revolute border. The usual oblique cingulun1 descends 
from the outer apex forward. The longitudinal ridge connecting the crests 
is low but distinct, while the posterior cingula.r ridge is remarkably large. 
This, ·which constitutes one of the specific marks, is extende~ horizontally 
so as to form a broad ledge, whose border is a segment of a circle. Enamel 
roughened with fine ridges on all-the external surfaces. Tooth ·well worn 

by prolonged use. 
Measurements. 

M. 
Length of the crown ...........•............•...........•..•...... ~ . • . . . • 0. 041 
Width of the same anteriorly ............................................ .' 0. 027 
Width of the posterior crest ....... _ •........................ .- . . . . . . . . . . • . . . 0. 022 
Elevation of the same ........................ ~.... . . . . . . . • . . . . • . . . . . . . . 0. 011 
Elevation of the anterior crest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 024 

. Coryphodontes of uncertain species. 

No. I. 

Plate lYii, figs. 3-7; Plate I viii. 

One of the most instructive series of specimens of this genus consists 
of the bones of one individual'which ·were found by the writer lying exposed 
at the base of a low bad-land bluff, from which they had been ·weathered. 
They consist of limb- and foot-bones, and a few cervical vertebrre, and are 
in pretty goqd condition. They differ from most of the other specin1ens in 

their white color, a few only being stained. I do not describe all of these 
bones in detail, but figure a number of them, as I do not kno'v which of 
the characters are specific in all of thmn. 
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'rhe atlas is stout," and the vertebral canal is straight and horizontal. 
The superior base of the transverse process extends almost the entire length 
of the atlas, while the inferior base is shortened in front. Another cervical 
vertebra has the section of the centrum a transverse oval; its posterior 
articular face is concave, and is oblique to the horizontal axis. 

The ulna is n1assive posteriorly, with a thick obliquely-truncated 

olecranon, which is Yertical proxin1ally and transverse at the end, but not 
so much expanded as in Eobasileus. The shaft is obliquely crossed by a 
fiat plane, that of the radius, which thus articulates with the carpus along­
side of and not behind it. 

r.rhe scapula is thickened on its posterior edge, and at its produced 
and shortly truncate apex. The anterior n1argin jnst below the apex is 
notched, and two large nutritive foramina pierce the plate just behind 

the base of the spine, one opposite its proxi1nal end, the other an inch 
higher up. The terminal part of the scapula is strongly rugose. 

The head of the humerus is large, and the greater tuberosity well 
developed; it is injured, and the lesser tuberosity is broken off. The humeral 
crest is stout and twisted just at the distal end; below it, the section of the 
shaft is triangular. The distal end of the hun1erus has a massive, truncate, 
epicondyle, which is separated fro1n the condyle by a rotular keel. The 
opposite end of the condyles is not bounded by a keel, nor is the surface 
anywhere angulate. The measurements indicate the characters of the 
carpals, ·which nearly resen1ble those of other species. The third and fourth 
metacarpals preserved are as stout as those described under C. molestus, but 
are shorter. ':rhey are dilated proximally, and deeply impressed by the 
ligamentous fossre. rrhe carina of the distal articular end is 0 bsolete. 

rJ'he head of the femur exhibits a deep fossa ligamenti teTiS; the shaft is 
flattened, and the third trochanter very lo·w. Tho patella is remarkably 
elongate, the lower end being produced an inch beyond the articular faces, 
and there obliquely truncated. The inferior half of the bone is narrower 
and thinner than the superior half. Of tho fmnoral surfaces, the interior is 
nearly twice as long as the external, which only covers the proxilna1 two­
fifths the length of the inner face, although it is the wider. The distal end 
of the tibia is massive, and exhibits the usual flat astragalar face. The 
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distal end of the fibula is also unusually massive, presenting inward the 
usual extensive oblique area as broad as long, and divided into three facets, 
two proximal, one of which is the larger, and a distal for the calcaneum, 
which is t~e smallest. The astragalus is broader than long, and the superior 
face is slightly concave. 'rhe anterior and posterior inferi.or faces have planes 

nearly at right angles. The former is divided into the cuboid and navicular 
facets by a tuberous projection. The calcaneum is short and flat, with a 

slender posterior free portion of subround section. Its proximal portion 
below the articular faces is deeply excavated by ligamentous pits. The 
cuboid bone ~s wider than thick antero-posteriorly, and thicker than long. 
Its outer portion thins away to a longitudinal edge. rrhe calcaneal facet is 
larger than the astragalar, and is transverse, while the latter is antero­
.posterior. These faces. rr1ake a strong angle with each other, the astragalar 
being parallel with the metatarsal face of the bone. The latter is wider than 
deep, and fonns one slightly concave plane, in which the two metatar~al 
facets are distinguishable. The inner of these is very large; the outer 
incloses about half its area. A portion only of the navicular is "preserved. 

It is a thin bone· with a sh~rp lateral margin, and the metatarsal facets well 
·defined. rrhe superior face is slightly concave. 

Measurements. 
M. 

Vertical diameter of the axial facet of the atlas . . . . . . . . . . . . . . . . . . . . .. . . . . . . 0. 03!) 
Length of the neural arch of the atlas...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 040 
Length of the superior base of the transverse proce~s of the atlas . . . . • . . . . . . 0. 037 
Vertical diameter of the \'ertebral canal of the atlas...... . . . . . . . . . . . . . . . . . . 0. OlO 
Vertical diameter of the centrum of a cervical vel.'tebra ........... w......... 0. 040 
Trans 7erse diameter of the centrum of the same...... . . . . . .. • . . . . . . . . • . . . . . . 0. 065 
Length of the glenoid cavity of the scapuia .•........... ~.................. 0. 075 
Width of the glenoid caYity of the scapula . . . . . . • . . . . . . . . . . . . . . . . .. . . . . . . 0. 062 
Distance fl'om the glenoid cavity to the base of the spine . . . . . . . . . . . . . . . . . . . 0. 0~6 
"''iuth of the scapula at the superior end of the spine . . . . . . . . . . . . . . . . . . . . . . 0. 115 
Length of the scapula from the superior end of the spine to the apex . . . . . . . . 0. 053 
Width of the distal trochlear surface of the humerus . . . . . . . . . . . . . . . . . . . . . . . 0. 066 
Transverse diameter of the fnterual tuberosity of the humerus . . . . . . . . . . . . . • 0. 033 
Short diameter of the bead of the humerus . . . . . . . . . . • • . . . • . . . . . . . . . . . . . . . • · 0. 07 5 
Loug diameter of the shaft of the humerus at the inferior extremity of the crest. 0. 0Ci4 
Short diameter of tile shaft of the humerus at the same poiut . . . . . . . . . . . . . . . 0. 040 

Diameter of the ulna beyond the middle of the s~aft { ~e:~~~'l~r~~." ." ::: :.:::: ~: g: ~;~ 
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Diameter of the olecranon at the base f tran~,·ersc · · · · · · · · · · · · · · · · · · · · · · · · · 0. 027 
t vertwal . . . . . . . . . . . . . . . . . . . . . . . . . . 0. OGO 

Diameter of the olecranon at the end J tran~n,rse · · · · · · · · · · · · · · · · · · · · · · · · · · · t vert1eal ............................ . 

Diameter of the scaphoides { trans,·erse · · ·. · · · · · · · · · · · · · · · · · · ·- · · · · · · · · · · · · 
autero-posterwr ................ , ............ . 

~ 
transverse ..................................... ·· . 

Diameter of the lunar ante~o-p~ster~or: ................................ . 
longitudmalm front ....................•........ 

\ transverse .................................. . 
Diameter of the cuneiform) ante~o-p~ster~or .......................•....• 

{ lung-1tudmalm front . . . . . . . . . . . . . . . . ....... . 
~ transverse ....................................•. 

Diameter of the unciform )l ante~o-p~ster~or ·: ...... ....................... . 
long1tudmal m front .......................... . 

Length of the third metacarpal ............................. ~ ............ . 
Width of the same distally . . . . . . . . . ~. . • . . . . . . . . . . . . . . . . . . . . . . . . . . .....• 
JJength of the fourth metacarpal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . _ .... . 
""~idth of the same distally .............................................. . 
Diameter of the head of the femur.... . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Transverse diameter of the shaft of the femur at the third trochanter ....•... 
Transverse diameter of the shaft of the femur below the same point ........ . 
Antero·posterior diameter of the shaft of the femur at the latter point ....... . 
JJength of the patella ................................................ _ .. ~ .. 
'\Vidth of the satne ..••................... ~ ...........................•.... 

D. t f th h ft f th t"b' 1· t 11 { transverse· · · · · · · · · · · · · · · · · · · · · · · mme er o e s · a o e 1 Ia < IS a y t t . an ero-pos erwr ................. . 
Antero-posterior diameter of the astmgalar face of tlle tioia ................ . 
(}rea test din meter of the shaft of the fioula distally ........................ . 
.Antero-posterior diameter of the astragalar face of the fioula ............... . 
Ver'tico-oblique diameter of tb~ astragalar face of the fioula ................ . 
Transverse diameter of the proximal end of the calcaneum ................ . 
TramwerHe diameter of tile distal end of the calcaneum .................... . 
Vertical diameter of the distal end of tlle calcaneum . . . . . . . . . . . . . ........ . 
V crtical diameter of the cuboid facet of the calcaneum ................. _ .... . 
vVhlth of the astragalus .................. · ............................... . 
Depth at tlle outer border ............................................... . 
J)pptb to the augle between the cuboiu aud tLe calcftueal faces ............. _ 
Trausverse diameter of tlle cuooid face . . . . . . . . . . ....................... . 

~ 
greatest longitudinal in front ................... ~. 

Diameter of the cuboid ~.ransvers~ .. ~-. _ .................................• 
clntero-posterlor ..... - ....... - .... - ........ - .... . 

D
. t f h . 

1 
{ greatest JongitudinaJ in front ................. . 

mme er o t e nav1cu ar . . . ._mtero-postenor ............................... . 

0.050 
0.032 
0.004 
0.048 
0.040 
0.051 
0.007 
0.037 
0.067 
0. OIG 
0. O;j!) 
0.045 
0.023 
O.OG3 
0.034 
o. on:~ 
0. 0:'3 
O.OGG 
0.071 
O.OG4 
0.037 
0. 1-~ 8 
0.063 
0.045 
0.035 
0.051 
o. o:~7 
O.OGO 
0.050 
0.060 
0.0~8 

0.025 
0.023 
0.070 
0.018 
0.04t 
0.029 
0.024 
0.051 
0.03G 
0.012 
0.035 
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Coryphodon No. II. 

Plate lviii, fig. 9; Plate lix; Plate lx. 

A number of elements of a skeleton of a Coryphodon were found in the 

bed from which the C.latidens and C.1nolestus were obtained. They were in 
in1mediate association with the bones of the latter, all having been taken 
ont successively; those to be here described on the 16th and 17th of Octo­
ber, 187 4, those of C. molestus on the 22d and 23d, and those of C. latidens 
on the 24th. All of these are of a reddish color, and are invested with a 
thin coating of the matrix, which can rarely be removed without taking 
with it a part of the superficial layer of the bOJ1e. It is not certain that 
son1e of these bones may not belong to the C. _nwlestus, but the different 
proportions of the fore foot show that the individual, and prob~bly the 
species, are different. 

The remains in question include a left humerus, n left ulna and radius, 
and a left fore footJ which probably belong together; also a right femur and 
patella, a right tibia and fibula, and a right hind foot, which are parts of one 
limb; a1so a series of caudal vertebrre. The lin1b-bones are at some points 
distorted by pressure, but are elsewhere of normal form. 

The humerus displays the large greater and lesser tuberosities separated 
by the deep bicipital groove. This groove is defined on the ~haft in front by 
the crest, which is not very prominent. . The shaft is rather slender, giving a 
much more elongate form than in the American Tapir. The inner distal tuber-· 
osity is not very prominent, and, on the posterior face, bounds the very deep 
olecranar fossa, which is not perforate. 

The ulna is preserved in its proximal half, which displays a narrow 
infmior face, except below the olecranon, where it speads out. The coro­
noid process is the most elevated portion, and at its base the olecranon 
is compressed. Its superior su1face rapidly descends to the transversely-

. expanded extremity. The outline of the extremity is obliquely rounded 
to the inner side. The radial facets are not separated by a notch. 

The fore foot exhibits all the carpal and metacarpal bones, many of 
them adherent .and but little dislocated, and a number of the phalanges, 
including an unguis. Their forms have been ah·eady described under the 
head of the genus, and the measurements express their specific proportions. 

16 G R . 
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The anterior face of the 1nagnum is the smallest in the front of the carpus, 
and is wider than long. That of the trapezoides is next largest, and is 

longer than wide. That of the trapezium is larger still, and is longer than 
wide; its distal end is transversely truncate, and the outer side is concave 
and the inner side is excavated by a fossa. The anterior face of the unci­

form is also concave. What I suppose to be the pisiform is an L-shaped 

bone, the long axis terminating in the free tuberous extremity, the trans­
verse limb proximal, and supporting a long, narrow, and longitudinally 
slightly concave articular face for the cuneiform. The metacarpals are 
preserved, except perhaps the proximal part of the pollex. It is true that 
there is an undetermined proxin1al end of a metacarpus unreferred, but its 

tuberous extremity is so different from the truncate forrn seen in C. rnolestus 
and No. III, and the total length, when added to the dis~al portion, being 
greater than in No. III, I leave its position undetern1ined. The distal 
extren1ity shows the first metacarpus to be the smallest; the second and 
third are subequal and longest; the fourth is a little shorter; and the fifth 
just a little shorter than the fourth. Of the proximal ends, all are truncate 
iaterally except the external sides of the No. V and supposed No. I, which 
are angulate externally, marking the extremity of the narrow margin of the 
shaft. The median inferior ribs of the distal ends of the metacarpals are 
obsolete. The phalanges are of the usual fonn. An unguis is very short, 
with truncate extremity and laterally-produced angles. 

J1feasurements of tlte fore limb. 
M. 

Total length of the humerus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . 0. 310 
Long diameter of the shaft at the middle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Long diameter of the condyles. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 0. 055 
Antero-posterior diameter of the condyles ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 058 
Length of the ulna from the radial border to the end of the olecranon ..... ~.. 0. 128 
Width at the radial facets . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . 0. 056 
Depth at the radial facets . . . . . . .. . . . • • • . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 0. 064 
Depth of the olecranon in front . . . . . . . • . . • • . . • . . . . . . . .. . . . . . . . . . . . . . . . . . .. 0. 060 
Depth of the olecranon at the end. . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 0. 027 
Width of the olecranon at the end . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 0. 040 
Length of the proximal ends of five metacarpals in place (width of the palm). 0.110 

l 
antero-posterior. . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . • 0. 041 

Diameter of the lunar tran~ver~e .. : . . . . . . . . . . . • . . . . . . . . . .. • . . . . . . . . . . . . . . . 0. 038 
long1tudmal1n front . . . . . . . . . . . . • .. . • • . . . • • • . . . • • • .. 0. 017 
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~ 
transverse ......•....•....•••...... 0 o 0 0 o o •••••• 

Diameter of the cuneiform longitudinal-oblique .......... o •••••• 0. o •••••••• 

longitudinal in front ...........•..••..... o ••••• 

~ 
transverse proximal ... 0 •••• o ·• o •••• o •••• o •• o o • o. 

Diameter of the pisiform l~ngitudiual. .......... o ••• 0 •••• 0 0 •••• o •••••••• 

distal (longest) .... 0 •••••••••••••••••••• o ••••••• 

~ 
antero-posterior ....... 0 • o • o •••••••••••• 0 •• 0 0 • 

Diameter of the trapezium transverse .................•...... o. o ••••• · ••• 

longitudinal in front ........................ . 
. ~antero-posterior .............................. . 

Diameter of the trapezoides transverse .................................. . 
longitudin~l in front ........................ . 

)

antero-posterior ................• o •••••••••••••• 

D. t f tb transverse ........ _ ........•.•................. 
mme er o e magnum 1 't d' 1 t tb 'ddl ong1 u ma a e m1 e ..................... . 

longitudinal in front .. 0 •••••••• o ••••••••••••••• 

~ 
antero-posterior ........ 0 •••• 0 •••••••••••••••••• 

Diameter of the unciform transverse .•...•....... 0 o o •• o •••• o ••••••••••••• 

longitudinal in front ....•...................... 
Length of the second metacarpal. ............. o .......................... . 

Length of the third metacarpal .. o ••• ~ •••••• : •• , •••••••••••••••••••••••••• 

Length of the fourth metacarpal ........................•................. 
Length of the fifth metacarpal ...•.......•• 0 0 •• o ••••••••••••••••••••••••• 

Distal diameter of the first metacarpal ....••.............................. 
Distal diameter of the third metacarpal ............ 0 0 ................ 0 ... . 

Proximal diameter of the same· ...................... 0 .................... . 
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0.032 
0.050 
0.016 
0.040 
0.042 
0.022 
0.023 
0.020 
0.022 
0.022 
0.016. 
0.022 
0.036 
0.019 
0.033 
0.015 
0.030 
0.048 
0.019 
0.065 
0.065 
0.060 
0.058 
0.020 

·0.027 
0.030 

Distal diameter of the fiftli metacarpal .... o ............... o..... . . . . . . . . . . 0. 025 
Proximal diameter of the same •••... o ••••• 0 o •••• o •••••• o •• • • • • • • • • • • • • • • • • 0. 028 
Length of a phalange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 019 
Width of the same ........... 0 •••••••••••••••••••••••••••••••• 0 • • • • • • .. • • • 0. 024 
Length of the ungual phalange . . .. . ........................... o.... . . . . . . 0. 013 
Width of the same ~ .................. 0 ............. 0...... . . . . . . . . . . . . . . 0. 023 

The inner oorder of the trochlear groove of the femur is higher than 
the outer, and the condyles stand well apart. The patella is in place, and 
displays the same inferior prolongation beyond the articular faces already 
described. Both tibia and fibula are a little shorter than the corresponding 
bones of C. ·rnolcstus, and are not in any respect more slender. The hind 
foot is the most complete ·which has ever been found, and has been repre­
sented in a diagrammatic sketeh on page 28 .of the Systematic Oatalog:ue of 
the Vertebrata of the Eocene of New Mexico. All the tarsal bones are 
present, and all the metatarsals except the distal half of the fifth. All the 
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phalanges of the third and fifth digits are present, and some of those of the 
second and fourth. 

The calcaneum is somewhat flattened by pressure. It is as broad 

anteriorly as long, and the free portion is turned inward, with a concavity 
on tlie inner side. It is· flat, and the inferior surface is roughened for 

ligamentous insertions. r:I'he inner anterior expansion has its astragalar 
facets in two (an anterior and a po~terior) transverse planes, while the astrag­
alar plane of the exterior _part of the calcaneun1 is the anterior, though 
posterior in position. The astragalus is broader than long, presenting an 
anterior acumination inward. The tibial face is continuous and oslightly 
concave in both directions. Of the two distal faces the navicular is the 
larger, extending to the internal apex, while the cunei-cuboid face does not 
extend to the external margin of the astragalus. While the astragalus is 
unaltered, the cuboid has been somewhat depressed, like the calcaneun1. 
It does not, however, thin out to an acute border, as in the skeleton described 
just preceding the present one as No. I. It has a short, rounded, straight, 
external border, shorter than the internal. The calcaneal and astragalar 
facets n1ake a strong angle with each other, while the two distal metacarpal 
facets are nearly continuous. The ren1aining bones of the foot have not 
been modified by pressure. 

'rhe ectocuneifor-m is the largest of the cuneiforms, and is chiefly in 
proximal contact with the astragalus. Its navicular and cuboid facets are 
subequal. Its anterior face is quinquelateral, and a little broader than long. 
The navicular is a flat thin bone of an L-shape, the antero-posterior litnb 
being next to the ectopterygoid. The cuneiforn1 faces are distinct, and the 
internal is large. The mesocuneiform is larger than the entocuneiform, and 
its anterior face is a little wider than long. The corresponding face of the 
entocuneiform is longer than wide. 'fhe last is a wedge-shaped bone with 
triangular horizontal section. 

The proximal ends of the mr;tatarsals are subtriangular in form except­
ing those of the first and fifth. That of the fifth is bilobate posteriorly; 
all are nearly truncate, the third only presenting some convexity to the 
ectocnneiform. The second and third are subequal, the third exceeding; 
the fourth is distinctly shorter; and the fifth is about half as long as the 
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third. The distal inferior keel is obsolete. The phalanges are 'vid~r than 
long; those of the second place being merely transverse, very open V-shapecl 

pieces. .The ungual phalanges are, as usual, wider than long, with a narrow 
distal margin and produced lateral angles. 

111easurements of hind limb. 
M. 

Elevation of the inner side of the femoral condyles . . . . . . . . . . . . . . . . . 0. 088 
\\rid t h of the femoral condyles ............. : . : . . . . . . . . . • • . . . . . . . . . . . . . . . . 0. 080 
Leugth of the patella ..................................................... 0.110 
Width of the same .......... -. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 0. 054 
l;ength of the tibia ............•...•............ ~ .......•....... ~ ........ . 
Length of the internal malleolus . , ... , ~ ................................ ~ .. 
Width of the same ....................•.................................. 
Length of tbe fibula . _........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Width of the prox"imal face of the fibula .. , ........... , ................... . 
\Vidth of the distal face of the fibula ...................................... . 
Length of the calcaneum .........................•...............•....... 
Width at the base of the free portion ...................................... . 
Width anteriorly . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . • . . • . . . . . . . • . . . . . . . . ..... . 
Width of the cuboid facet of the calcaneum ............. ~ .................. . 

~
transverse .................................. . 

Diameter of the astr~galus antero-posteri_or ·: · · · • • · · · · · · · · • · · · • · • · • · · · · · · 
external longitudmal .............•........... 

· median longitudinal ........................ .. 
Width of the cunei-cuboid facet of the astragalus ......................... . 
Width of the navicular facet of the astragalus ............••.•..•.• u ••••••• 

Length of the cuboid { inner border······ · · · · · · · · · · · · · · · · · · · · · · · · · · ·- · · · · · 
outer border ............•....•........ ~ .•. _ . • . . . .. 

\7\Tidth of t..be cuboid ................... -..... - .. --.- •· •.... -.---- •. · •• · · • · · 

~ 
an tero· posterior ......................... . 

Diameter of the ectocuneiform tran~vet~~e .. : .............•..•........... 
. longttudmal m front .................... . 
' ~ antero-posterior ....................•..... 

Diameter of the· mesocuneiform tran~ver~e .. : . . . . . . . . . . • . .............. . 
longttudmal m front ..........•....... _ . 

· ~ antero-posterior ......................... . 
Diameter of the entocuneiform transverse ......................•. _ ..... . 

longitudinal in front .•.....•.•........... 
Leugth of the navicular in front . . . . . . . • . . . . . . . . . . . . . . . ................. . 

~ 
trans\erse .................................... . 

Diameter of the navicular antero.poster~or inte~nal ....................... . 
antero-posteriOr medtan ........•............... 

l;ength of the third metatarsus ........................................... . 
l.Jength of the fourth metatarsus ............ ~ ................... ~ ........ . 

·Length of the fifth metatarsus ....... -....•. ~. ~ .............•.....•........ 
Proximal traqsvcrs.e diameter of the first metatarsus ............. , ......... . 

0.284 
0.015 
0.038 
0.240 
0.035 
0.040 
0.081 
0.031 
0.072 
0.028 
0.075 
0.050 
0.020 
0.036 
0.022 
0.042 
0.020 
0.013 
0.040 
0.024 
0.025 
0.020 
0.028 
0.022 
0.016 
0.021 
0.016 
0.025 
0.012 
0.047 
0.044 
0.019 
0.065 
0.056 
0.035 
0.023 
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Proximal transverse diameter of the second metatarsus . . . . . . . . . . . . . . . . • . . . . 0. 0~1 
Proximal transverse diameter of the third metatarsus....................... 0. 021 
Proximal transverse diameter of the fourth metatarsus . . . . . . . . . . . . . . . . . . . . . 0. 027 
Proximal transverse diameter of the fifth metatarsus . . . . . . . . . . . • . . . . . . . . . . . 0. 022 
Distal <liameter of the second metatarsus . . . .. . . . . . . . . . . . .. • • . . .. . .. . . . . . . . 0. 026 
Distal diameter of the third metatarsus ........ v. • • • • • • .. • • • • • .• • • • • • • • • • • • • • 0. 028 
Distal diameter of the fourth metatarsus . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 028 
Distal diameter of the fifth metatarsus . . . . . . . . . . .. . . • . .. . . . . . . . . . .. . . . . . . . 0. 022 
Length of the first phalange of the third digit ... <...... .. . .. . . . .. . . . .. . . . . . . 0. 015 
Length of the second phalange of the third digit..... . ................. :. . . 0. 011 
Length of the third phalange of the third digit...... . .. . . . . . . .. . . .. . . . . . . . 0. 014 
Length of the first phalange of the fifth digit...... . .. . .. . . .. .. . . . . . . . . . . .. 0. 013 
Length of the second phalange of the fifth digit (unguis)...... . . . . . . . . . . . . . . 0. 013 
Width of the second phalange of the fifth digit l unguis) ..... : . . . . . . . . . . . . . • 0. 019 

The caudal vertebrce indicate a well-developed tail of moderate length. 
Parts or wholes of nine vertebrre are preserved,- all without neural arch. 
None of them present such elongate proportions as in the corresponding 
parts of the Oreodonta or Carnivora, but the stoutest are longer than broad. 
The inferior face of the centrun1 is characterized by the presence of two 
lateral angles at the posterior extremity, ·which are connected by a plane 
which truncates the lower surface behind. This surface is concave antero­
posteriorly. The centra of the larger vertebrre are especially characterized 
by the presence of a tuberous transverse process at the superior lateral angle 
of the anterior face, and a short flatter transverse process near the posterior 
extremity, and opposite the_ middle of the articular extremity. These pro­
cesses are separated from each other by a deep notch. The anterior 
articular face is subtriangular; the posterior, subquadrate. 

JJ-leasurements. 

Length of the three median caudal vertebrre .......................... . 
Length of the first of the three .......................................... . 

Diameter of the anterior articular face { tran~verse · · · .. · · ~ · · · · · · .. · · · .. · · • · 
vertical . . . . . . . . ....•.•..•••...... 

Diameter of the centrum at the lateral notches ....... ~ ..................•.. 
Length of a more distal caudal ........................................... . 
Diameter of the articular face of the same ............•........•.•........• 
Diameter of the articular face of a small distal vertebra ..................... . 

M. 
0.071 
0.025 
0.023 
0.016 
0.013 
0.021 
0.012 
0.008 
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Coryphodon No. III. 

Plate lxi. 

rrhe specimen referred to under this head was found at the same tin1e 

and at the locality which furnished the Coryphodon rnolestus. It represents 
a different individual, and of smaller size than those previot~sly described. 
The bones are moreover characterized by their black color, which, while 

not conclusive as an index of identity (or pertinence) to one individual, 
indicate a similarity of situation, which adds to the probability that such 

is the case. The bones are supposed clavicles, nearly all the elements of a 
right fore foot, broken scapulre and femur, and three tarsal bones. 

The clavicles are the only ones obtained in any species of Coryphodon: 

Eaeh one is rather slender and slightly curved. The shaft is con1pressed, 
with one edge narrower, so as to give an ovoid section. The extrernities 
are considerably enlarged into subglobular 1nasses, with oval cross-section 
and truncate ends. Neither clavicle is preserved entire. The fore foot is 
represented by all the carpals, with the trapezium fortunately attached to 
the first metacarpal, and all the metacarpals with the pollex and third digit 

complete with other phalanges. The carpals present no peculiarities as 
compared with those of other species, excepting that the exposed anterior 
face of the magnum is more transverse. The digits display no marked 
peculiarities. The fifth metacarpal is about two-thirds as long as the third, 
which is nearly twice as long as the first. The basal facet of the first 
metacarpus is squarely truncate; the first phalange is relatively a little 
longer than the corresponding one of the other digits, and the ungual phalange 
is also a little longer; the entire pollex is turned outward, the inner side of 
the two phalanges being a little longer than the outer, the entire digit bAing 
two-thirds as long as the third, which is a little longer than the second. 

Of the hind foot, only the calcaneum, astragalus, and navicular ren1ain, 

of which the first two exhibit some peculiarities .. The calcaneum is L­
shaped, but the transverse anterior portion is shorter than the long axis <?f 
the bone. The posterior free portion is moreover not depressed, as in Nos. 
I and II, but is compressed, although short and swollen at the extremity. 
rrhere is no horizontal surface on the external side for the extrerrlity of the 
fibula. The astragalus is generally like those ah·eady described, but is 
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longer, the antero-posterior diameter ·equaling the transverse. The two 
antero-inferior facets are very unequal, the navicular being the larger, and 
they are separated by a considerable tuberous angle. 

Measurements. 
M. 

Diameter of the shaft of the clavicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 
Diameter of the articular extremity of the clavicle . . . . . . . . • . . . . . . . . . . . . . . . . 0. 025 
Diameter of the glenoid cavity of the scapula .......................... ·. . . . 0. 060 
Long diameter of the scaphoid.. . . . . . . .. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .. . . . 0. 040 
Long diameter of the lunar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Width of the cuneiform .................. ~ .. ~. . . . . . . . . . . . . . .. .. . . . . . . . . . . 0. 050 

~
antero-posterior...... . . . . . ... . . . . . . . . . . . . . . .. . . 0. 025 

Diameter of the tr.apezoides tran~ver~e. :. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . 0. 017 
longttudmal m front . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0~2 

D' t f th t . {longitudinal in front . . . . .. . . .. .. . . • . . . . . . . . . . 0. 021 
tame er o e rapezmm transverse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 020 

Length of the first metatar~al. . . . . . . . .. . . . . .. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . O. o;n 
J.Jength of the second metatarsal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 050 
Length of the third metatarsal.. . . . . . . . . . . . . .. . . . . .. . .. . . . . . . . . . . . . . . . . . . . 0. OG5 
Length of the fifth metatarsal . . . . . . .. . . . . . .. . . . ...... '· . . . . . . . . . .. .. . . . . . . 0. 050 
Length of the first digit..... . . . . . . .. • . .... , .. • . . . .. .. . . .. . . .. . . . . . . .. . . '0. 060 
Length of the third digit ......................... _ ......... _ ........ ~.... 0. 107 

It will be observed that this fore foot differs from that referred to the 
Coryphodon molestus in the less relative width of the fifth metacarpus, 
resen1 bling closely in this respect the corresponding bone in the foot referred 
to No. II. The present animal, ~although of the same size as No. II, has the 
epiphyses of the metacarpals coossified, while in the latter they are separate. 

Coryphodon No. IV. 
Plate lxii; Plate lxiii, figs. 1-4. 

This individual consists of loose pieces which I found lying together, 
December the 7th, 1874, and includes lumbar vertebrre, humerus, ilinm, 
femur, fibula, ·and astragalus. The pieces are free from distortion, excepting 
the ilium and the proximal part of the humerus, and are worthy of notice 
on this account. 

The lu1nbar vertebrce have the centra s01newhat broader than long, and 
depressed so that the articular faces are transverse ovals. The posterior 
face is concave, the anterior· slightly convex at the borders, and a little 
concave medially. The neurapophysis stands on the anterior two-thirds of 
the centrum, and its section is a stout oval; the neural arch is capacious. 
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The anterior zygapophysis does not project 1nuc~ beyond the centrun1, and 
is concave on its inner face,. so that its superior portion looks inward, and 
its inferior portion ·upward. The inferior surface of the centrum is pene­

trated by foramina, of which one on each side is conspicuous for its large size. 
The right hunwrus exhibits a prominent twisted crest, which ceases 

opposite to the point of origin of the external marginal ala. The latter is 
also twisted forward to the external epicondyle, which is as prominent as the 
inner epicondyle, but less abruptly defined above and below. The latter is 
not so prominent as in most of the Creodonta, but both tuberosities are large. 
There is no arterial fotamen. The olecranar fossa is wide and deep, but 
not perforate; the radial fossa is shallow. The condyles are hourglass­
shaped and without ridges; the inner extretnity is bounded by a pron1inent 
acute boi'der; the external is obtusely rounded. 

The left iliun~ has its thin borders broken away. It is characterized 
by the width of the peduncle and expanse of the crest. The anterior 
inferior spine is an acute crest, as in many existing Ungulates; and there is 
a low tuberosity on the inner side at the superior portion of the pectineal 

line. The groove for the attach1nent ?f the sacrum is elongate, and bounded 
by prominent ridges; its plane is not in that of the expansion of the ilium, 

as in· many Ungt-ilates, but is oblique to it, so that a section of the ilium 
through its middle is triangular, the line bounding the internal side being 
about six-tenths the length of that bounding the- inner side. The rather 
slender pubis has an oval section. 

rrhe distal ends of the femora are undistorted. rrhey show the usual 
smaller size of the oute_r condyle, and the equal width of the intercondylar 
fossa. The fibula, while of the same diameter as those already described, is 
shorter. The inner face of the shaft is flattened in the inferior two-thirds; 
the external margin is acute. The inferior extremity has the usual expan­
sion, and is divided into two subequal faces externally by a longitudinal 
angle. 'I'he inner face is gently concave, and readily admits of a gliding 
movement on the external convex border of the astragalus, which fits it. 
The superior extremity of the fibula is less expanded. The astragalus 
presents no peculiarities not seen in the other species. Its superior surface 
is a littlo wider than long, and is very slightly concave. 
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Meas1.trernents. 

Length of a lumbar centrum .. 

Diameter of the same { tran~verse · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · .· · • • · · • · · · · · 
vertical .....................•..................... 

Diameter of the neural canal of tbe same ............•................•.. ~ . 
Diameter of the humerus at the tuberosities ............................... . 
Diameter of the humerus at the crest .................................... . 

D . t f th d I f th h {transverse ...........•............ 1ame er o e con y es o e umerus . antero-posteriOr .............•.... 
Transverse diameter of the acetabulum ..........••. w .................... .. 

Transverse diameter of the peduncle of the ilium ...................... _ .... . 
Transverse .diameter of the sacral fossa .................................. .. 
~rransverse diameter of the base of the ischium ........................... . 
Length from tlu~ acetabulum to the sacral fossa .•..•...............•........ 

Diameter of the distal end of the femur { transverse.··.········ · · · · · · · · · · · · · 
antero· posteriOr ........... , ........ . 

Diameter of the shaft inferiorly (transverse) .............................. . 
Length of the fibula ...................•..............................•.. 
Transverse diameter of the distal facet of the 'Same ....................... . 
Transverse diameter of the superior face of the astragalus ...............••. 
Antero-posterior diameter of the superior face of the astragalus ............ . 
Vertical diameter of the external face of the astragalus . . . . ............... . 

M.. 

0.045 
0.068 
0.040 
0.024 
0.110-
0.055 
0.064 
0.050 
0.065 
0.076 
0.050 
0.032 
0.115 
0.088 
0.079 
0.048 
0.230 
0.038 
0.054 
0.040 
0.016 

This animal was entirely adult. It is marked Yin the field-notes. 

1\iETALOPHODON, Cope. 

Proceed. Amer. Philos. Soc., 1872, p. 542 (Sept. 20); Ann. Report U. S. Geol. Surv. 
Terrs., 1872, 589 (1873). 

Metalophodon armatus, Cope. 
Report, loc. cit., p. 543. 

The only portion of a skeleton which I can refer to this genus is a 
fragment of a large superior canine tooth, which is not sufficiently charac­
teristic to enable me to Inake a final specific determination. The crown is 
much compressed, so as to be lenticular in section near the apex, and the 
anterior and posterior edges are acute. A short distance above the apex on 
the exterior side, another ridge rises into prominence, and continues to near 
the base of the erown. It becomes as prominent as the inner or apical 
ridge, and incloses with it a 'vide and strong~y concave groove. The inner 
face of the crown of the tooth is the widest, the outer the most convex. 
The enamel surface is longitudinally minutely ridged striate, the strire 
turning outward to the cutting-edges. The tusk belonged to a rather larger 
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animal than the type of M. armatus, and one probably equal to the Cory­
phodon radians. Its form approached that of the canines of the Dinocerata 
n1ore nearly than do those of Coryphodon. 

Measurements. 
M. 

Long diameter of the tusk. .. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • • • . • . 0. 026 
Short diameter of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . • . . . . . . . 0. 014 
Diameter of the anterior groove. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • 0. 009 

PERISSODACTYLA. 
This, the second order of hoofed Mammals found in New Mexico during 

the Wasatch Eocene period, was represented by a moderate list of species, 
all of small size. Some of_ these were very numerous in individuals, so 
that their remains constitute, with those of Ooryphodons, a characteristic 
feature of the collections made by the expedition. 

MENISCOTHERIUM, Cope. 

Report Vert. Foss. New Mexico, U.S. Geog. Sun•s. W. of 100th M., 1874, p. 8. 

Char. gen.-Molars three, with two continuous external crescents and 
two internal tubercles, except on the posterior, where there is but one, the 
anterior conic tubercle. The posterior tubercles on the other molars cres­
centoid in section. A well-developed crescent between the anterior tubercle 
and anterior crescent, and an oblique crest extending from the latter to the 
adjacent horn of the posterior inner tubercle. Two external crescents on 
the last premolar. 

This genus presents a curious combination in the structure of its molars 
of th~ character of Palwosyops, Hyopotamus, and Hyracotherium. It is 
exceptional among the Ungulates of the same fauna in the nun1ber of 
crescents of the molars, being the only genus of the American Eocene 
period yet discovered, which we know to possess the crescent between the 
inner and outer anterior tubercles of the superior molars. Such genera are 
numerous in the Eocene of Europe. It is to be regretted that nothing but 
the superior molar teeth of this genus is known. 
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Heport, loc. cit., p. 8. 

PEIUSSOD..:\CTYL.A. 

Meniscotherium chamense, Uope 

Plate lxvi, fig. 18. 

Char. specif.-Last molar with the oblique inner posterior crest tern1i­
nating at the posterior margin of the crown. Pron1inent external ribs at 

the point of connection of the external crescents ·of the crown. No cingula; 
enamel entirely smooth. 

Measurements. 
M. 

Length (extel'nall:y) of the last four molars............... . . . . . . . . . . . . . . . . . 0. O!W 
Length of the true molars ............................................. ~ .. . 0. 022 
J.Jength of the penultimate ...•........... , . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 00!) 
Width of the s~unc ............................................... ·•.•. . . . . 0. 010 

This animal was about the size of th? Raccoon, and probably had the 
habits of the 'rapirs. 

OROTHERIUl\f, Marsh. 

A.mer. Jour. Sci. and .Arts, 1872 (separata, p. 26). 

This genus has been he1~etofore known only from partial descriptions 
of the dentition of the inferior series. In these, it has been stated that the 
fourth prem·olar resembles the first molar in structure, and that the anterior 

inner cusp of the molars is slightly bifid. I have seen a number of speci­
mens possessing one or the other of these characters, :which are in other 
respects identical with the genus ·Hyracotlwrium. I find the 1;esemblance of 
the fourth premolar to the first true molar to consist in the presence of two 
tu qercles on the posterior part of the crown; in Hyracotheriunz, there is 
but a single one, which sends an angular crest forward. The bifid or 
double character of the inner anterior cusp is in some instances so little 
n1arked as to lead me to regard it as of secondary importance in the defini­
tion of this genus. In the 0. cristonense, the cusps do not display this 
character. The genus Oligotomus, Cope, differs from Orotheriun~ in the 
possession of one less inferior premolar, while in the details of the inferior 
molars they are alike. 

In the 0. cristonense, the two rami of the mandible display almost the 
entire dentition of those bones. 'fhe molars are 4-3, with considerable 
dia~temata between the canine and first premolar, and the first and second 
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premolars. The canines are large, divergent, and acute, leaving space 
between them for several stnall incisors, which are lost from the specimen. 
The symphysis is long and coossified. The first premolar possesses a simple 
crown and a single root; the other molars are two-rooted. The second 

premolar has a lovv acute heel, and no cusp accessory to the main one; the 
third has a more elevated acute heel, and an accessory anterior cusp. The 
fourth has two posterior cusps, the outer .~ontinued forward as a crest, and 
two anterior cusps rnuch larger than the others. In the remaining molars, 
the cusps are subequal; the inner subconical, the outer sending a low 

oblique crest forward and inward. Thelast molar has a prominent heel. 

A specimen of what I suppose to be the 0. vintanum en1braces _the 
third, fifth, sixth_, and seventh- superior tnolars, the fifth, sixth, and seventh 
inferior molars, and ntunerous bones of ·the skeleton. The superior molars 
do not differ in their characters fr01n those of Hyracotherium. The crown 
supports four principal conic cusps, of which the external are flattened and 
connected at the base. Between the posterior part of each of these and the 
corresponding inner cusp is a low tubercle, which is more or less united 
with the latter. There is a cingular cusp at the anterior base of the anterior 
outer cusp. The third premolar has two approximated o~ter crests, and an 
internal one with low connecting ridges. The palate is de~ply excavated 
as in other Perissodactyla. 

The humerus of this specin1en is a slender bone, 1nuch more so than 
the femur,. and has a .smooth oval shaft. The_ head is large and much 
in curved; it possesses a prominent deltoid ridge and a wide bicipital groove. 
The condylar fossa is entirely perforate. rrhe trochlear character of the 

condyles is well rr1arked, there being an angular internal marginal crest, 
and a rounded one at the· other end within the margin." · Thjs is the "troch­
lear crest" of the 1nore specialized ll!lanzrnalia, and it is important to note 
that this is the only genus of the N e'v Mexican fauna in which I have 
observed its presence, although it doubtles~ exists in the three other genera 

. of Perissodactyla here enumerated. The external epicondyle is not prominent. 
,..rhe head of the radius is a transverse oval without inferior angle, and, in 
accordance with the humeral condyles, the horizontal section of the articular 
face is an open sigmoid.. The distal end of the radius is narrow, confirn1ing 
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the impression that the fore lhnb is lighter than the hinder; it displays a 
quite small face of contact with tbe ulna. The olecranon is much com­

pressed. 
The fen1ur is moderately stout, and the trochlear groove for the patella 

is elevated, with the bounding crests subequal. The inner condyle is a little 
more produced than the outer. The external or third trochanter is "'ell 
developed, as are the great and ~mall trochanters. The distal end of the 
tibia has the usual Perissodacty le structure. It presents a ·well-n1arked inner 

astragalar groove, and the inner half of the still deeper external groove, 
which was completed by the lost fibula. The three angular tuberosities, 
external, anterior, and posterior, are well marked; on the inner side of the 
end of the tibia, just in front of the external tuberosity, there is a marked 
tendinous groove. '"fhe calcaneum has lost its cuboid facet, but the 
remainder of it nearly resembles the corresponding parts in the Tapir. The 
free shaft is rather elongated and compressed, and is not flattened on the 
inferior face. The inner superior facet stands on a transverse tuberosity, 
while the front of the tuberosity, which was applied to the astragalus behind, 
supports a facet. 

'rhe general structure is Tapiroid. The number of digits remains 
unknown. 

Of the three species known to me, two are about the size of the Red 
Fox, while the third, Orotherium lcevii, is smaller. 

Orotherium cristonense, Cope. 

Plate lxv, figs. 13-14. 

Oroltippus major, Marsh, Cope, System. Cat. Vert. Eocene New Mexico, U. S. Geog. 
Survs. W. of lOOth M., 1875, pp. 20-21. 

Both mandibular rami nea~·l y complete, from the posterior end of the 
last molar to the end of the symphysis, represent this species. The portion 
of the jaw supporting the molars is of moderate stoutness, but the ramus 
contracts vertically in front of the second premolar,- and is moderately 
concave transversely bet,veen the first premolar and the canine. The 
syn1physis is shallow and posteriorly horizontal; its length is equal to that 
of the three true n1olars. 
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The canines are large and curved, and much produced upward and 
slightly outward from the alveolar border. The crown is subacute, with 
an oval section at the base, and smooth enamel. The first pren1olar is about 
equidistant between. the base of the canine and that of the second premolar. 
Its crown is lenticular in section, with a cutting-edge fore and aft, and no 
tubercles or cingula. The second premolar possesses a rudimental anterior 
basal tubercle; it has no external basal cingulum. There is a rudimental 

cingulum on the outer side of the heel of the third premolar, an~ an inter­
rupted one on the outside of the fourth. The true n1olars possess an 
uninterrupted basal cingulum on the outer side. The heel of the last molar 
is wide; the root supporting it is continuous with that which supports the 
middle of the crown. The enamel is everywhere smooth. 

Measurements. 
M. 

Length from the incisive border to the end of the last molar...... . . . . • . . . • 0. 075 
Length from the incisive border to the first .premolar.......... . . . . . . . . . . . . . 0. 020 
Distance between the first and second premolars . . • . . . . . . . . • . . . . . . . • . . . . . . 0. 007 
Length of six posterior molars . . . . . . . . . . . . . . . . . • • • • . • • . . . • • • • • • • . . . . . . • • . 0. 045 
Length of three true molars . . . . . . . . . . . . . . . • . . . . .•.•. -. • . • . . .. .. . • . . . . . . . . 0. 027 
Diameter of the canine.· ... · ............. ~- .....•............ ~.... . . . . . . . . 0. 005 
Width of the fourth premolar posteriorly.... . . . . . . . . • . . . . . . . . . . . . • • . . . . . . 0. 005 
Width of the second true molar ................. .' . . . . • . . . . . . . . . . . . . . . . . . 0. 006 
Length of the third true molar ......•..........................• ·..• . . . • .. . 0. 0116 
Width of the same........................................................ 0. 0055 
Depth of the ramus in front of the first premolar ........ # • • • • • • • • • • • • • • • • • • 0. 009 
Depth of the ramus at the first true molar . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0. 015 
Width of the symphysis at the front of the diastema . . . . . . . . . . . . . . . . . . . . . 0. 014 

The simplicity of the anterior inner cone of the molar teeth distinguishes 
this species from the two that follow. 

Orotherium vintanum, Marsh. 
Plate lxv, figs. 1-12. 

Amer. Jour. Sci. and Arts, 1872 (separata, p. 26). 

In the specin1en of this animal already alluded to in the description of 
the genus,. the true molar teeth of both jaws with numerous bones of the 
skeleton are preserved. These I found lying together at the ba.se of a 
bad-land bluff, and as there is no admixture of incompatible fragn1ents, 
and every appropriateness in the association of the pieces, I conclude that 
they are portions of one and the satne skeleton. The superior true molars 
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and the third superior pr\:nnolar are marked with a continuous cingulum on 
the front, inner, and posterior aspects of the base of the crown. There is 
a distinct cingulum on the external base also, but it is interrupted between 
the bases of the external cusps. The anterior ridge ~onnecting the innf!r 
with the outer cusps in the third premolar is modified into a stout, lo·w 

tubercle. In the inferior molars, the inner anterior tubercle is stouter and 
more elevated than the others, and is coni.J.ected with the outer anterior by 
an elevated yoke. In this point it is quite different from the 0. cristonense. 
In this specimen, the heel of the last inferior molar is unusually small. In 
the molars of both jaws, the enamel is rather rugose, except on prorninent 
surfaces, where it is smooth. 

In the femur, tibia, and hun1erus, the absence of lateral curvatures is a 

noteworthy feature. 
Measurements. 

M . 

.Length of tlle superior true molars. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 023 
Length of the last superior molar ....... · . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . 0. 007 
l;ength of the penultimate molar ..... :.... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 0. 008 
Width of tlle same ................................ w......... . . . . . . . . . . .. 0. 010 
Elevation of the same ........ 0 ••••••••••••••••••••• ~ •••••••••••••• , • • • • • 0. 006 
Length of the third premolar ............. ! . . . . . . . . .. . . . . . . .. . . . . . . . . . . . .. 0. 0064 
\Vidth of the same.. . . . . . . . ............................ ·...... . . . . . . . . . . 0. 0070 
Length of the penultimate lower molar ......... ~ . .. . . . . . . . . . .. . . . . . . . . . . . 0. 0084 
\Vidth of the same ....... .' ...................•...... .' ............ 0 ••• 0.. 0. 0055 
J;eugth of the third lowercmolar ..................... _ . . .. . . • . . . . . . .. . .. . 0. 010 
\Vidth of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 006 
Length of tbe femur from the little trochanter...... . . . . . . . . . . . . • . . • . . . . . . . 0. 077 
Antero·posterior diameter of the femur a.t the same ................. ~....... 0. 011 
Transverse diameter at the middle of the shaft ....... -.... . . . . . . . . . . . • . . . . 0. 010 
Transverse diameter of the head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 011 
Transverse diameter at tlte condyles ........................ 0. • • • • • • • • • • • • 0. 021 
Antero-posterior diameter at the condyles.. .. . . . .. . . . . . . . . . . . . . . . . . .. . . . . . 0. 023 
Transverse diameter of the tibia at the middle . . . . . . • . . . . . . . . . . . . . . . • . . . . 0. 009 
Transverse diameter of the humerus at the middle . .. . . . . . . . . . . . . . . . . . . . . . 0. 008 
Transverse diam~ter of the trochlear surface of tbe humerus.... . . • . . . . . . . . 0. 012 
Transverse diameter of the head and deltoid crest of tbe humerus . . • . . . . . . . 0. 021 
TransYerse diameter of the head of the radiu~ . . . . . . . . . . . . . . . . • .. • . . . . . . . . . 0. 011 
Transverse diameter of the distal end of the radius ............. _.... • • . . . . 0. 010 
Vertical diameter of the distal end of the radius . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 006 
Transverse diameter of the distal end of the tibia . . . . . . . . . . . . . . . . . . • . . • . . . 0. 012 
·A utero-posterior diameter of the distal end of the tibia............ . . . . . . . . 0. 009 
Length of calcaneum from the front of the inner tuberosity . . . . . . . . . . . . . . . . 0. 027 
Depth of the shaft of the calcaneum . . . . . . . .. . • . . . . . . . . . . . . . . . . . • . . . . . • . . 0. 0085 
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A fragment of the left mandibular ramus of another individual supports 
the last two true molars. The last molar has a short heel with dentellated 
margin on the inner side, and oblique ridge connecting it with the external 
cusp adjacent to it. Both molars possess a well-1narked external basal 
cingulum, and an oblique ledge descending inward from .the external 
anterior cusp. The penultimate molar exhibits a posterior cingulun1, which 
presents an angle upward. Enan1el slightly wrinkled. 

Jieasureme1~ts. 
M. 

Length of the last inferior molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0110 
V\7idth of the same in front.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _ 0. 0055 
Elevation of the same in front . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0055 
Length of the penultimate inferior molar ~..... . . . .. . . . . . . . . .. .. . . . . . . .. . . 0. 0080 
Width of the same in front.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0055 
Depth of the ramus at the anterior part of the last molar . . . . . . . . . . . . . . . . . . 0. 0170 

Orotherium lrevii, COJ)e. 

Plate lxv, figs. 15-17. 

Represented by a portion of the left mandibular ramus supporting 
three premolars and two tr~e molars, and probably by a similar portion of 
the right ramus which accompanied it, and a portion of the right 1naxillary 
bone, bearing the second and third premolars, also found with it. These 
fragn1ents belonged to an adult anin1al of smaller size than either of the 
preceding. The crowns of the molars are so worn as to render it impossible 
to decide on the character of the inner anterior cusp, but the fourth pre­
nlolar possesses the inner posterior cusp characteristic of the 0. cristonense. 

The fourth premolar has two subequal elevated anterior cusps, with a 
pronounced basal tubercle in front, and no external cingulum. The true 
molars have a well-marked anterior ledge, and posterior median tubercle. 
There is an external cingulum between the cusps, but whether completed 
round the bases. of the cusps is not certain from the amount of attrition 
which they have undergone. No trace of cing~tlum on the inner side; 
enamel smooth. 

The base of the first premolar is a wide triangle with the base posterior. 
It has an internal but no external cingulum; the crown consists of a single 
cusp with an obtuse posterior cutting-lobe. The second prenwlar possesses 

17 G R 
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a greater transvQrse than longitudinal dimneter, and exhibits two approxi­

mated external cusps. There is a single strong internal cusp, and a smaller 

cusp intervenes between it and the anterior external angle. The entire 

base of the crown is surrounded by a nalTO'v cingulum. Enamel nearly 
smooth. 

lJfeas·urements. 
M. 

J.-ength of the bases of the Recond, third, fourth, fifth, and sixth molars..... 0. 0~85 
Length of the erown of the fourth premolar.......... . • . . . . . . . . . . . . • • • • • . • 0. 0055 
Width of the crown of the same . . . .. . . . . • • . . . . • . . . . • • . . . • . • . . . . . • . . • • • . • 0. 0035 
Length of the crown of the penultimate molar . . . . . . . . . . . • . . . . . . . . . . . . • • • . 0. 0065 
Width of the crown of the same ...........• q • •••• ., • • • • • • • • • • • • • • • • • • • • • 0. 0050 
Depth of the ramus at the penultimate molar . . . . • • . • . • . • . . . . . . • • • • • . . . . . • 0. 0150 
Depth of the ramus at the second lJremolar . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 0. 0120 
J.-ength of the crown of the third superior premolar . . . . . . . . . . . . . . . . . . . . . . . 0. 0050 
Width of the crnwn of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . . . . 0. 0060 
Elevation of the crown of the same ................•• w •••••••••• , • • • • • • • • 0. 0035 

This species is dedicated to Oscar Loew, 1\:I. D., chen1ist and mineralo­

gist of the G nited States Geographical Surveys vV est of the One hundredth 
Meridian. 

HYRAOOTHERIUM, Owen. 

Ryraootlwrimn, Owen, Transactions of the Geological Society of J.-ondon, 1841, pp. 
203-~08; British Fossill\fammals, p. 419-423.-Gervah~, Paleontologic !?ran· 
~aise. 

01·olt'lpp1t.'l, Marsh, Amer. Jour. Sci. and Arts, 1874, p. 247 (with description); J. c., 
1872 tname onl~·). 

This genus is a characteristic type of the Lower Eocene, and has many 
near allies. Such are Rhagatherium, Pict., Lophiotherium, Gerv., and others. 

Like the former, the first premolar is separated from the second by a dias­
tema, but, in Rhagatherium, the second and third premolars of the lower jaw 
present three cusps in a single series, a character which distinguishes it at 
pnce. The mandibular teeth are identical in structure with those of Lophio­
therium, with the exception that in that genus the first premolar is part of a 
continuous series, while, in Hyracotllerium, it is separated by a diastema 
from the second premolar. In comparison with Orotherium, I find that the 
last premolar is difl'erent in structure from the first true n1olar, while they 
are alike in the last-nanled genus. rrhe anterior inner tubercle of the molars 
1s simple in Hyracotheriu·m, double in Orotheriu·m. The superior molars 
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described by Leidy under the name of Hipposyus strongly resemble those 

of Hyracotheriu1n, but belong, as I now believe, to another genus. · The 
inner c.ones are always distinct in Hyracotherium, but confluent in Hipposyus; 

the latter also lacks the posterior n1edian tubercle. 

Two species of Hyracotherium have been described by Owen from the 

London clay, H. leporinum and lL cuniculus, and a third has been discov­
ered in the siderolitic beds of \T aud, the j[ siderolithicum of Pictet. The 

species of both continents differ among themselves in· the relative degree 
of development of the n1edian tubercles of the superior n1olars, being in 
some almost conical, in others su btransverse. The fonner character is 

seen in the If. cuspidatum, Cope, and, according to Professor Owen's figure, 
in the H. leporinun'/1. Every intermediate form can be observed. 

The affinities of this genus have been variously interpreted, but its 

original :refereJ!Ce· to the Perissodactyla by Owen is rendered certain by the 

discovery of the structure of the astragalus in the JL tapirinum, Cope, and 

of the limbs in the closely-allied genus Orotherium (see page 253). If, as I 
suspect., the Orohippus of l\1arsh is identi~al with H!Jracotheriwm, the struct­
·nre of the feet described by that writer ·as belo11ging to it is also conclusiYe 
·evidence to the same effect. 

· As regards the closer affinities ·of Hyracotherium, Professor Owen re­

·marks (Paleontology, p. 329, 1860), in describing the nearly-allied genus 
Pliolophus: "Pliolophus and Hyracotherium for1n a well-marked section in the 
Lophiodont fan1ily, which seems to have preceded the Palreotherian farnily 
in the order of appearance, and to have retained more of the general Ungu­
late type than that family. 'rhis is shown by the graduation of the Tapiroid 
modification of the mo~ar teeth into one more nearly resembling that of the 
·.Anthracotheria and Chmropotarni; by the absence of the postero-internal cone 
on the ultimate p1~emolar, by which all the premolars are, as in Artiodactyles, 
less complex than the true molars; by the form and position of the nasal 

bones; and by the structure of the external nostril." Professor Owen ex­
presses the opinion that Pliolophus has three digits on the hind foot. 

In a paper "On the Primitive Types of the Orders of the Mammalia 
Educabilia'', * the writer pointed out (p. 7) that the type of the inferior molar 

• Proc. Amer. Philos. Soc., extras, l\'Iay 6, 1873. 
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teeth of Oligotomus un<l Orotherium, two genera nearly allied to Ilyracothc~ . 
rium, require but slight modification to present the forms of later Perissodac­

tyle genera. These are, on the one hand, Palceosyops and Palaotheriurn, 
where the inferior molars present two V's, and on the other, Hyrachyus and 

Tapirus, where they present two cross-crests. In a diagrammatic scbeme in 

this paper, I placed Oligotonnts, Cope, in ancestral relation to the Equine Pe­
rissodactyles on the one hand, a!'ld the Artiodactyles on the other. I have 

since shown that it is probable that the anctrstral type of the Artiodactyles 

must be looked for in a genus possessing a less specialized character than 

Oligotom~ts, of the order .Amblypoda.* 
The probable ancestral relation of Hyracotherium (" Orohippus") to 

.Anchitherium and the Equine. series was first asserted by the writer in a 

phylogenetic diagram published in the Annual Report of the United States 

Geological Survey of the Territories for 1872, issued early in 1873. In the 

text, the following language is used: "An interesting annectant form is seen 

in Oro hippus procyoninus, 'vhere the two intermediate tubercles which sepa­

rate the inner cones from the outer V's in Limnohyus, are so developed as to 

constitute parts of an incompletP- pair of transverse ridges, which disappear 

in front of the bases of the outer V's. They represent the oblique crests of 

Palceotherium and .Anchitherium, and thus the genus Orohippus (Hyracothe­
rium) furnishes a station on the line from Palceosyops to the Horses." Near 
the same time, Professor Marsh observes, under the caption of" Orohippus": 
"Additional specimens of this genus fully justify its separation from .Anchi­
theriun~, and likewise show that it holds a most interesting intermediate 

position between that genus and the less specialized J\Iammals of the Palmo­
tlwriun~ type."t 

Later, t the writer traced the modifications in the structure of the molar 
teeth necessary in the conrse of descent from Hyracothcri'Um to Equus. 
After quoting my comparison of the former genus with .Anchitherium, 
from the Annual Report above cited, I continue: "A greater longitudinal 

*Tspes of Molar Teeth of 1\Iammalia Educabilia, March, 1874, p. 21; Relation 
of l\Ian to the Tertiary Mammalia, Penn Monthly, December, 1875. 

tAmer. J ourn. Sci. and Arts, May, 1873. 
t Homologies and Origin of the 1\Iolar Teeth in l\fammalia Educabilia, March, 

1874, p. 14. 
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extent of these ridges or longitudinal expansion of the ·tubercles in the 
Inolars in both jaw~?, the oblique connections being still retained, gives the 
type of Equus. The elevation of the tubercles and deepening of the 
valleys give us the Selenodont type of superior molars again in this genus; 
while the lower molars· only differ from that type in having the crescents 
alternate instead of opposite, forming the Hippodont pattern. There can 
be little doubt that the line of the Horses comes through Hipposyus (Hyra­
cotherium) from the Bunodonts, rather than through Palceotherium, as sug­
gested by some writers," e. g., Huxley and others. 

I have not been able to ascertain the ntnnber o~ the digits from my 
specimens; but, according to Marsh, some of the species observed by him 
possess four ori theanterior limb and three behind.* It has been shown by 
various authors that, as we extend our vie·w backward in time, the number 
of digits in the series of Equine Perissodactyles increases; the modern one­
toed Eqtttts and Pliocene Hippidium having been preceded by the Pliocene 
Jiippotherium and Miocene .Anchitherium, each with three toes. l-Ienee, 
Marsh has supposed* that the four-toed Hyracotherium ( Oroltippus) is the old­

est ancestor of the line. This conclusion 'vas published contemporaneously 
with my remarks quoted in the preceding paragraph, and is confirmatory of 
the position which I had taken the year previously. Finally, in l\1arsh's 
article, it is observed that "an earlier ancestor of this group, perhaps in 
the lowest Eocene, probably had four toes on this foot, and five in front. 
A still older ancestor; possibly in the Cretaceous, doubtless had five toes in 
each foot, the typical number in Mmnmals." In my essay "On the Ho­
mologies and Origin of the Molar Teeth, etc.", of the same date1 tit is observed: 
"I trust that I have made it sufficiently obvious that the primitive genera 
of this division of 1\.fammals [i.e., Educabilia] must have been Bunodonts 
with pentadactyle plantigrade feet." 

In a forr.ner ~say, I alluded .to the New: Mexican species of this genus, 
under the name of Hipposyus, t on account of the close resemblance between 

* Amer. Jonrn. Sci. and Arts, March, 1874. 
t .1.\-:larcb, 1874. 
t Report on Vertebrate Fossils discovered in New Mexico7 18747 p. 4 (U. S. Gcog. 

Survs. 'N. of lOOth l\1. ). 
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their superior tnolars and son1e of those called· by the latter name by Dr. 
Leidy. As the teeth last described by Dr. Leidy under the name of Hip­
posytts probably do not belong to the animal first refen·ed to by him (and 
therefore to be regarded as the type), but to the one afterward named by 
Marsh Orohippus, I subsequently described similar species under the latter 
head. But no characters have, as yet, been pointed out by which to dis­
tinguish the latter from the genus previously described by Owen, whose 
name I therefore adopt. 

Next to the species of Coryphodon, those of Hyracotherium are most 
abundantly represented by individuals in the "\V asatch beds of N e'v 
Mexico. They were doubtless the predon1inant type of on1nivores, and fur­
nished food for the nun1erous cotemporary Creodonta. rrhe jaws and teeth 
are far more frequently found than the bones of the other parts of the skel­
eton, and, as usual, the rami of the lower jaws are the most numerous. 
The characters observed in the latter indicate, seven species, which differ 
very materially in size and proportions, but ag1·ee closely in general char­
acters. They may be distinguished as follows: first, by their mandibula.r 
bones and teeth; and, secondly, by their maxillary teeth. 

M a.t~dibles. 
Largest; last molar, om.014 in length; ramus, om.020 in depth at the last 

premolar; molars with a produced ledge in front .......•........ tapirintem. 
Large; last molar, om.012; ramus, om.020; ledg·es not prominent ....... vasacc-iense. 
Last molar, 0111.011; first molar, om.0087; ramu~, om.0127; second and 

third premolars, om.Ol39 .................................••.••. sylvaticum. 
First molar, om.006J; ramus, om.0130; second and third premolars, 

om.Ol35 ............•..............•.....••.......•••.•........ angustidens. 
Ji·irst molur, om.0059; ramus,* om.0115; second and third premolars, 

om.ooso . • . . . . . • • . . . . • . .. . . . . . . • . • • . . . . . . • • • . . . . • . • • . • . • • . • . • • index. 

8upe1·im· molars. 

Nt>ither external nor internal cingulum of the crown .................. Y species. 
Oiugu]a w~ak, interrupted; a vertical crest between the external lobes. procyoninur.1,. 
External and internal cingula present, but the internal weak .......... angustidens. 

External and internal cingula Yery strong; enamel rough, vasacc-iense. 
Larger; outer cusps flattened.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . agile. 
Least species; outer cusps conic and well separated .. _ ........... cuspidatum. 

* TIJe measurement om.020 in the Systematic Catalogue of the Vertebrata of the 
Eocene of New Mexico, p. 20, is an error. 
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It is evident from the above tables that I ·am not ·certainly acquainted 

'vith the superior molars of H. tapirinum, H. index, and H. sylvaticun~, nor, 
with the mandibular teeth of IL procyoninu·nt and H. cuspidat~tm. I have 
however, numerous teeth, 'vhich are not associated with those of the oppos­
ing series, and which doubtless cover nearly the entire ground of con1pari­
sons. 

It would have been desirable to havo compared specimens. of these 
species with the types of those described by Professor Marsh, which belong 
presumably to Hyracotherium. But I have been precluded from access to 
his collections by circumstances beyond my control. On application to 

Professor Leidy for similar facilities 'vith his own types, permission was 
granted, with the accompanying inforn1ation that the larger portion had been 
lent to Professor Marsh, so th~t they also have been inaccessible to me~ 

Hyracotherium tapirinum, Cope. 
Plate lxvi, figs. 12-Ht 

Orolt·ip;pus tapirinus, Cope, System. Cat. Vert. Eocene New lVIexico, U. S. Geog. Survs. 
. V\.,., of lOOtb M., 1875, p. 20. 

Represented by mandibles with teeth, of Jive individuals, w·hi~h exceed 
in size those of the species heretofore known, being larger than the sn1aller 
Ifyrachyi. rrhe opposite cusps of the molars are not separated by so deep 
a notch as in son1e of the other species, while the oblique ridges extending 
fcn~ward fro1n thE?. outer tubercles are 'vell developed; the san1e is true of 
the ridge which extends from the prominent heel of the last molar. The 
anterior le~ge is horizontal, and is bounded by a ridge which descends fron1 
the anterior external tubercle and becon1es transverse. It is less marked in 
all the other species. Enamel nearly smooth. The external cingulun1 i~ 
very faint on the last n1olar, but becomes more distinct on the anterior 
1nolars ; none on the inner side. 

]feasurmncnts. 
M. 

Length of the bases of the last two molars (No. 1)....... . . . . . . . . . . . . . . . . . . . 0. 025 
Length of the basis of the penultimate molar .•.....• ~-··~·................ 0. 011 
Width of the basis of the penultimate molar. • . . . . . . • .. . . . • . • . • • . . . . . . • • . • . . 0. 008 
Depth of the jaw at the penultimate molar ....•........•••••..•...••.•• ~.. 0. 022 
Depth of the jaw at the last premolar (~o. 2) ~... . . • . . . . . . . • • . . • • • . . . • . . . . . 0. 020 
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Hyracotherium vasacciense, Cope. 
Plate lxvi, figs. 7-11. 

Oroltippusvasacciensis, Cope, S.rstem. Cat. Vert. Eocene New Mexico, U.S. Geog. Sun·s. 
W. of lOOth 1\i., 1875, p. 21. 

Lopltiotlterium vasacciense, Proc. Amer. Philos. Soc., 1872, p. 474. 

Ten individuals from our collections are referred to this species, some 
of which embrace portions of both jaws. 

Selecting as type a left mandibular ramus which supports the five 
posterior n1olars (the last broken), it may be observed that. the third pre~ 
molar has a strong median cusp, with a small accessory one oil its inner side, 
and a similar one immediately in front of it. The posterior base of the 
erown is expanded, and supports a single obtuse cutting-edge of little eleva­

tion. The only cingulum of the tooth bounds the outer and inner sides of 
this part of the crown. The fourth premolar is sin1ilar, except that the two 
median cusps are subequal, the anterior one n1uch reduced, and the general 
form stouter. It differs from the first true molar in the presence of a single 
posterior low cusp, which connects with the anterior by an oblique ridge. 
rrhe opposite cusps of the true molars are well separated by fissures, and 
the anterior ledges are but slightly developed. External cingula well 
marked ; enamel wrinkled where not worn. 

Measurements. 
M: 

Length of the five posterior molars ... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 0. 044 
Length of the last two premolars ...................... ~ ..... , . . . . . . . . . . . . . 0. 013 
Length of the last two molars .................. 0..... . . . . . . . . . . . . . . . . . . . 0. 022 
Length of the penultimate molar ............. 0.... .. . .. . . . . . . . . . . . . . . . . . . 0. 0085 
Width of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0070 
Depth of the ramns at the last premolar . .. .. . . . . .. . . . . .. .. . . . . . . .. . . . . . . 0. 0200 
Depth of the ramus at the la8t molar. . . . . . . . . . . . . . . . . .. . . . .. . . . . . . .. . .. . . 0. 0220 

In a specimen with the last· two superior molars, the rather coarse 
wrinkling of the enamel is visible on the external face, although the teeth 
are well worn.. The external tubercles are compressed cones connected by 
a ridge at the base. The accessory anterior external cusp is moderately 
developed. The cingula are distinct, but not prominent, on both the inner 
and outer sides. 
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Measurements. 
M. 

Length of the last two molars .. - ....... ~... • . . . . . . . . . .. . . . .. . • . . . • . . • • • • 0. 0160 
Length of the penultimate molar . . . . . . . . . . . • .............. , ............. · 0. 0085 
Width of the same .... ~ . - •........................................ , _ . . . 0. 0100 

This species resembles the H. tapirinum in the robustness of the jaws, 
but the teeth are materially smaller. I originally discovered it in the 
Wasatch beds of Bear River and Black Butte, Wyoming; the other species 
from the former horizon (H. index) has not yet been detected elsewhere. 

Hyracotherium angustidens, Cope. 
Plate lxvi, figs. 1-6. 

Orohippus angustidens, Cope, System. Cat.. Vert. Eocene New M.exico, U.S. Geog. Survs. 
W. of lOOth M., 1875, p. 22. 

A nun1ber of )aws were obtained which resemble in general propor­
tions those of the Hyracotherium index, but differ in the greater length of 
the series of the premolars. These teeth are nearly. as large as the corre­
sponding ones in H. sylvaticum, but the. other teeth and the ramus of the 
jaw belong evidently to a smaller species, and one near to the least forms 
of the genus. 

Selecting for description a portion of a ramus which supports the last 
three molars, we observe the close resemblance between the latter and 
those of other species. The anterior ledge and posterior median tubercle 
are little develop~d; the oblique ridges are well developed, and the heel of 
the last molar elevated. The molars have a strong cingulum on the outer 
side, and the enamel is slightly rugose~ The ramus is slender. 

Measu.rements. 
.M. 

Length of the bases of three trne molars ... - ..............•...........•• , . 0. 024 
Length of the penultimate molar .... .-... ~. . .. . . . . . . . .. . . .. . . .. .. .. . . . • . . . . 0. 007 
Width of the same .............. ,........... . . . . . . . . . . . . . . . . • • . . . . . . . . . 0. 005 
Depth of the ramus at the last molar.... . . . . . . . ... . . . .. . .. . . . . . .. . . . . . .. . 0. 0125 

In another specimen of about the same size, the bases of three premo­
lars are preserved, and measure om.Ol6 in length. In another, which sup­
ports the crowns of the third and fourth premolars, the characters are well 
displayed. The third has a short cusp on the posterior heel, and a sharp 
cusp on the inner side of the principal one. There is a rudilnent of an 
anterior basal cusp. 'The anterior cusps of the fourth premolar are equal, 
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and the angle of the outer descends. to form an anterior basal c-ingulum. 

There is no trace of tho inner posterior cusp. 'vhich is seen in the genus 
Orotlzerium. External cingulum scarcely a trace. Enamel nearly smooth. 

The most instructive specimen includes both maxillary bones with six 
n1olal.·s, and fragments of the mandibles with the posterior three moln.rs. 

The second" premolar has two external eusps, without ridges on the outer face, 
and the inner face slopes inward, without internal cusp or lobe; the base 
is a little longer than wide, that of the other molars wider than long. On 
the true molars, there is a strong continuous external cingulum, but that on 
the inner side is only present between the lobes and as a faint fold on the 
base of the anterior. The external cusps are strongly convex on their outer 
faces, but are not ridged, nor does any ridge interrupt the deep valley 
between them, as in the H. procyoninum. The intern1ediate cusps are dis­
tinct, but weak; the enan1el is nearly stno?th. The penultimate molar is 
the largest. In the lower molars, the external cingulum is well marked, 
and there is none on the inner side. The last molar is rather shorter, and 

the ran1us a little deeper than in the specimen first described . 

. ZU easurements. 
M. 

Length of the last three inferior molars ............... ~.. . . . . . . . . . . . . . . . . 0. 022 
Leugth of the last inferior molar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 009 
Width of the last lower molar .•............. ~.... . . . . . . . . . . • • . . . . . . . . . . . 0. 0055 
Depth of the ramn8 at the first molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0155 
Length of six superior molars........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0380 
};engt h of the second premohr . . . . . . • . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . 0. 0055 
Width of the same .......•.... o........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 004;j 
Length of the third premolar ..... = • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 0048 
Width of the same ...............•........................ 1.... . . . . . . . . . . 0. 0065 
Length of the penultimate molar . . . . . . . . . . . . . . . . . ......•......... _. . . . . . 0. 0071 
Width of the satne ..................... ~ ................. 0.. . . . . . . . . . 0. 0088 
Length of the last molar.. . . . . . . . . . . . . . . . . . . . • . ................... _. . . . . . 0. 0070 
"Vidth of the same...... . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0071 

Some of the specimens now referred to this ·species I formerly supposed 
might belon_g to the H. procyoninurn, * but the discovery of the superior 
molars of the H. angustidens has enabled me to make a direct comparison, 
which reveals marked distinctions. 

* Hyracotlter·i?.un procyoninmn, Cope.-Helotlwrhtrn procyonimtrn, Cope, Proc. A mer. 
Philos. Soc., 1872, p. 466 (AugnHt 3); ? Orohippus pumil·us, 1\Jarsh, Amer. Journ. Sci. 
aml Arts, 187~ (August 7). 
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This was evidently a very abundant animal during the Eocene period 
in New Mexico. 

Hyracotherium agile, Marsh. 

Oroltippus agiUs, Marsh, Amer. Journ. Sci. and Arts, 1873, p. 407. 

Some superior molars agree in size and other characters with those 
noticed by Professor Marsh under the above name, so far as I ca!l ascertain. 

Hyracotherium cuspfdatum, Cope. 

Plate lxv, fig. 18. 

Orohipp~ts cuspidatu.~, Cope, System. Cat. Eocene. New Mexico, U.S. Geog. Survs. W. 
of lOOth M., 1875, p. 22. 

This is the least species of the genus known to me, and is known espe­
cially from a portion of the left n1axillary bone, which supports the first and 
second true molars. Other sepf_trated molars of the satne character are not 
uncomrnon, and probably b~long to ~~e ~arne species. 

'"rhe molars are characterized by their regularly quadrate form, the 
anterior external angle not being produced as in most of the species. The 
first is also as long as broad, and is not narrowed as in. oth~rs. Both molar's 

are entirely surrounded by a strong cingulun1, which is not interrupted on 
the inner side of the crown, and rises into a low accessory cusp at the ante­
rior external angle. The tubercles of the tooth are conical; the outer circular 
in section, and slightly connected by a ridge at the base. The n1edian tu­
bercles are well separated from the interior, and are conical, thus differing 
from other species. The enan1el is coarsely rugose. The n1alar ridge over­
hangs the maxillary face in a marked manner. 

The specimen described is a portion of an adult animal, and the crowns 
of the teeth are not tnuch worn. 

HYRAOHYUS, Leidy. 

Leidy, Report U. S. Geol. Surv. Terrs., i, p. 59.-Cope, Ann. Report U. S. Geol. Surv. 
Terrs., 1872, p. 594. 

Hyrachyus singularis, Cope. 
Plate lxvi, fig. 17. 

System. Cat. Vert. Eocene New 1\iexico, U.S. Geog. Surn;. W. of 100th M., 1875, p. 19. 

Represented by the maxillary bones and teeth of two individuals, one 
of which includes those of both sides of the cranium, with the molars and 
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last two premolars. In size, this species is less than the H. nanus, the 
smallest of the genus. The third and fourth premolars have two transverse 
crests each, of which the anterior forms the border of the crown, and the 
posterior marks its middle. The supernumerary cusp at the external anterior 
angle of the crown is well marked in both premolars and. molars; the pos­
terior transverse crest of the molars is less elevated than the anterior as it 
approaches the longitudinal cusps. The latter are well joined together, and 
are strengthened by an external vertical rib, which extends to the apex. 
There is a weak cingulum on the anterior base of the crown, which passes 
round the inner base of the anterior internal cone, but is wanting at the base 
of the posterior, and very weak on the posterior and exterior bases of the 
crown. Enan1el smooth in young as in old teeth. 

lJfeasurements. 
M. 

J.Jength of five posterior molars -..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0330 
Length of the third premolar...... • . . . . . . . . . . . . . . . . . . . • .. . . . . .. . . . . . . . . . . 0 0054 
Width of the same ................ ~- ............................• .-. . . • . 0. 0056 
Length of the second true molar.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0080 
Width of the same.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0100 
Length of three true molars . . . . .. . . . . .. . . . . . . • . . . . . . . . . . . . . . . . . .. . . . . . . . . 0. 0220 

'fhis species is, as observed in my preliminary report, the only repre­
sentative of the numerous Hyrachyi of the beds of the Bridger formation. 
In my exploration of this hotizon in Wyoming, I obtained remains of six 
species in great abundance, so that the existence of a single small species in 
few individuals, constitutes a mark~d feature of the New Mexican Eocene 
fauna. The absence of Palceosyops, a genus perhaps still more abundant 
than Hyrachyus, in Wyoming, adds to the evidence in favor of ·the belief 
that the difference between the faunre of the respective localities is due to 
something more than the peculiarity of geographical distribution, but points 

to diversity of horizon or time, as is, indeed, sufficiently indicated by the 
study of the stratigraphy in Wyoming. There the Green River beds con­
tain the same fauna as those under consideration, and underlie the Bridger 
formation. 



REVIEW OF THE CHAR.ACTERISTICS OF THE VERTE­
BRATE FAUNA OF THE WASATCH EOCENE OF 
NEW MEXICO. 

In the' preceding pages, the species described are related In the 
following tnanner: 

MAMMALIA .•••• 0 • • •••••••••••••••••••••••••••••••••••••••••••••••• 

Perissodactyla ................................................ ~. 
Amblypoda ...• ~ .................................... ~ ~ ........ . 

Pantodonta ......•............ ~ ............................. . 
Incertre sedis ................... ~ ............. v.... . . . ........ . 
Bunotheria . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

0-reodonta ........•.........................••............•. 
Mesodonta .................................................. . 
1 Insecti·vora . .............................................. . 
Treniodonta . . . . . . . . . . . . . . • . . . . . . . . . . • • . . ........•.......... 

Rodentia.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
AVES ...•...•......•.•. - • . . . . . . . . . . . • ..•..........•.•.•......•...• 
REPTILIA. ..•..•...•.••.•••.•..•..•.•••....•....•..•.••.••• - . • . • - .. v 

Crocodilia ...........••........................... ~ .....••......• 
Testudinata ................................................... . 
Lacertilia ...................................................... . 

PISCES •..•••.... 0 ••••••••••••••••••••••••••• 0 • • • • • • • • • • •• • • • • ••••• 

Ginglymoui .........•.......•.................................. 
Plagiostomi . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

54 
10 
8 

8 
3 

30 
13 
11 

2 

4 
3 

1 
24 

6 
16 
2 

8 
2 
6 

This total nun1ber of eighty-seven species may be considered in two 
aspects, viz, in regard to their geological position, and their anatomical 
structure. 

I. The geological horizon of the W asatck beds.-The record preserved 
in these beds is doobtless more imperfect than that found in many others, 
owing to various physical conditions. One of these is an evident disturb­
ance of temperature and moisture, which they have sustained perhaps in 
connection with the volcanic phenomena which played so important a part 
in New Mexico during later Tertiary times. . The fossils are generally found 

2G9 
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in a fragmentary condition, and often distorted by pressure. The fractures 
of the surface are often of such a kind as to indicate that the bones have 
been in a plastic state (see the figures of Stypolophus ]dans*), during which 
the fissures thus created in them have in many instances been filled with a 

siliceous limestone. This material no·w presents a rough external surface 
of great hardness, and sometimes incrusts the teeth in such a way as to 
render it a difficult matter to expose then1. Nodules of the same material 
abound on the bluffs (see the Geological Report). Not unfrequently the 
bones are covered with an ·incrustation highly charged with the red oxide 
of iron, and this substance gives its characteristic color to a large percentage 
of the fossils, the others being generally black or dark brown. The light 
colors of our Miocene beds are almost unknown, and the bones are always 
much harder than these, or even than the fossils of the Bridger group of 
'Vyoming. These facts, in connection with the reduced number of expos­
ures of the beds, account for the comparatively small nun1ber of species 
obtained, and the feeble representation of certain groups, e. g., the Birds, 
Lizards, Rodents, etc.; nevertheless, a large number of indiviJuals were 
obtained, and a considerable extent of country explored, and I believe that 
the synopsis above given is an approximation to the expression of the 
characteristics of the most abundant types, or the relative numerical rep­
resentation in the fauna of the different genera, orders, etc. 

Comparison yvith the established scale of geological horizons of Europe 
has established the fact that the beds in question belong to the Eocene 
category, as I have already shown t to be true of the longer-known Bridger 
beds of Wyoming. It remains to collate them with the numerous sub­
divisions of that period. The differences between the Wasatch and Bridger 
faunre have been in part pointed out in my Report on the Vertebrate Fos­
sils of New Mexico, 1874,:f: and may be n1ore fully stated as follows: 

1. Divisions found in the Wasatch beds, not yet reported fron1 the 
Bridger beds: Aves, genus Diatryma (~allied to Gastornis); !Iammalia~ 

Taniodonta, Phenacodus, Pantodonta, Meniscotheri~tm, most species of Hyra­
cotherium. 

* Plate xxxviii. 
t Proc. Amer. Philos. Soc., 1872 (February, July). 
i Annual Report of Chief of Engineers, 1874, ii, p. 592. 
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2. Divisions found· in the Bridger beds, not yet foun~ it1 the "\V asatch : 
Fishes, Amiidce; Reptiles, Ophidia, Anostira; Mammals, Mesonychiidm, Tillo­
donta, Achcenodon, Dinocerata, Pa)ceosyops, most species of Hyrachyus. 

The Wasatch horizon of Wyoming has not yet yiel~od so. many 
spec~~s of Vertebrata as. those of New Mexico, but the close resen1blance of 
the two faunre n1ay be observed in the following list of forms wh~ch I 
obtained at several localities:* Fishes; Siltwoids; J\t!ammals, Ifyracotheriu1n 
(two species), Phenacodus, Coryphodon (two .to three species). As is well 
known, the Wasatch bedd underlie those of the Bridger group, and we 
therefore look for their European equ.ivalent in the l~wer part o.~ th~ series. 
It has been already pointed outt that the absence of Hyopotamus and .A.no­
plotherium and allied genera from the Bridger horizon precludes an identi­
fication with the Upp~r Eocene of Europe. The ~on1parison of the Wa­
satch fauna with that of the lowest of the three divisions into which Pro­
fessor Gerv~is has arranged the European Eocene, shows a remarkably 
close correspondence. This epoch, the Suessonien ·of D'Orbigny (Orthro­
cene of Gerva_is) includes the marls of Rilly and lignites of Soissons, the 

Thanet sands, Lo.ndon clays, etc. Fossils from these beds appear to have 
been no better. preserved than those of t~1e Wasatch beds of the Rocky 
Mounta.ins, yet some of the genera are identical, and others closely eon·e­
~ponJent, a.s follows: 

Wasatch. 

A mbloctonus. 
Hyracotherium.. 
Ooryplwdon. 
lJiatryma. 
Lepidosteus. 

Suessonien. 

PalmonycUs. 
Hyracotlterium .• 
Ooryplwdon. 
Gastornis. 
Lepidosteus. 

As a point of difference between the beds, there may be mentioned the 
absence of the Tceniodonta from the·Suessonien,-a suborder not yet known 
out of North Am~rica. · Nevertheless; the coincidence between the. American 
and European horizons is so close that it n1ay become necessary to include 
them under one name,-that is, if a fuller knowledge of their faunre confirms 
the relations here presented. , 

This identification is of mueh importance to the geology of the North 
• See Rept. U. S. Geol. Surv. Terrs., 4to, vol. ii, pp. 33-39. 
t Ann. Rept. U. S. Geol. Surv. Terrs., 1873, (1874), p. 462. 
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American Tertiary formations, since it offers a point of departure for the 
estimation of the relations of the preceding and succeeding faunre. It is 
additional evidence in favor of the Upper Cretaceous age of the strata, 
which, in Wyoming and elsewhere, immediately underlie them, viz, the 
Bitter Creek, or, what may be the same, the Fort Union Lignite beds. It 
appears also that the resemblance of the North American and European 
Vertebrate faunre was closer during the Suessonian epoch than at any subse­
quent period of Tertiary time.. A divergence took place, which is strongly 
marked in the Lower 1\Hocene (White River) and Upper 1\Iiocene (Loup 
Fork) faunro, especially in the forn1er. See the report on the latter in the 
last chapter ot this volume. 

The Wasatch formation includes the Green River beds of Hayden, a 
name which I formerly applied to the entire series. It, however, applies 
properly to the fish-shales of Green River, containing .A.sineops, Chtpea, 
Osteoglossum, etc., which are probably local in their character. Professor 
Lesquereux *remarks that "the remains of plants at Green River are found 
in laminated shales, with an abundance of skeletons of fishes". These plants 
he had alreadyt assigned to the Miocene period, and in the former report 
to Dr. Ilayden, says of the flora:t "If it had not so many typical represent­
atives of the Miocene of Europe, and if, at the same time, it had some of 
our living species, it might be considered as Pliocene." Thus it appears 
that the testimony of the plants conflicts with that of the animals in the 
question of the age of this horizon, as it does in the case of the Fort Union 
(Lignitic) beds, and in trhe same direction. Thus what I call Cretaceous 
and Lower Eocene, Professor Lesquereux calls Eocene and Upper Miocene 
'rertiary respectively. The obvious conclusion is, what is indeed already 
well known, that the existing flora has a greater antiquity than the existing 
fauna, and that this has been the case throughout the later periods of geo­
logic time. This is consistent with the discovery, by Dr. Hector, in New 
Zeala.nd, that the existing flora of that island dates from. the Jurassic period. 

I may add, however, in reference to the age of the Suessonian fo.rma-
tion, with which I have parallelized the Wasatch (and Green River) epoch~ 

*Ann. Rept. U. S. Geol. Surv. Trrrs., 1873, p. 390. 
t Loc. cit., 1872, pp. 410-416. 
fLoc. cit., 1873, p. 390. 
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that Professor Lesquereux enumerates it among the "Paleocene" beds in 
his list* of horizons containing the European fossil Tertiary flora. Whether 
the distinction between EocenB. and Paleocene be well marked in paleo­

botany I do not know; but the Suessonian and other Eocene beds are n?t 
very widely separated by their faunre. Nevertheless, the Suessonian beds 
of Europe are placed by Professor Lesquereux in the Paleocene by their 
flora, while their horizontal parallels in North America are placed in the 
later Miocene. It would appear that there is another, perhaps geogrp,phical, 
discrepancy in this case. 

The teeth of Sharks described in the preceding pages are of uncertain 
origin. They are associated wit};l Oyster-shells, and both have the appear­

ance of having been transpbrted; nevertheless, some of the Mamrnalian 

teeth found associated with them have a sin1ilarly rolled appearance. It 
therefore remains uncertain whether the ocean had for a limited tirne access 
to the Eocene lake, or whether the Sharks' teeth aJ?.d Ostrece were derived 
from the Cretaceous beds which formed its shores; Similar, and in one 
instance the same, species of Sharks were found in both formations; the 

division of the Cretaceous being No. 4, or 3 of I-Iayden. 
The same state of things exists in the siderolitic deposits of the canton 

· of V and, Switzerland. Mingled with Mammalian ren1ains are teeth of 
Sharks, of which M. La Harpe remarks that their appearance does not war­
rant the belief that they have been transported, or are not indigenous to 
the Eocene fauna. 

In conclusion, the classification of the North American Eocene may be 
represented as follows : 

Name. Equivalent. ·r Locality. I Characteristic fossils. 

Sonthweate.n Wyoming .••••••••••••••••••••••••••••• { 
PalreolfiJOps. 

llridger formation .••. Middle Eocene .. Tillodonta. 
Dinocerata. 

No.-thenoWn Now Moxioo; Sonthw"torn Wyoming .. { 

Pantodonta.. 

Wasatch formation •.. Lower Eocene .. 
Treniodonta. 
Phenacodus. 

Diatryma. 

II. The structural characteristics of the Wasatch fauna.-The general 
statement of the character of this fauna is found in the classified list at the 

* Ann. Rept. U. S. Geol. Surv. Terrs., 1874, p. 285. 
18 G R 



274 THE WASATCH FAUNA. 

head of this section. We observe that species of all the Vertebrate classes 
have been obtained, excepting the Batrachia.* Of the Fishes and Reptiles, it 
may be summarily remarked that, with one exception, they do not present 
any marked difference from those at present inhabiting the warn1er portions 

of the globe; six of the genera being still in existence. One only of the 
remaining genera belongs, so far as known, to an extinct family; most of 
them being nearly related to living genera. 

The only species of Bird, the Diatryma gigantea, is too little known to 
furnish comparison with living types; but that little indicates considerable 
difference from any of the latter. The Mammalian fauna is much more 
readily understood, and its peculiarities are many. 

The absence of the Carnivora, Q·uadrumana, Proboscidea, and Ruminantia, 
of the terrestrial Mammalia with large and convoluted brains, may be asserted. 
It is probable that no species of the order Artiodactyla has been found; it 
being exceedingly doubtful whether the only genus that bears a resemblance 
to the Hogs in its dentition ( Pltenacodus) has any relationship to those ani­
nlals. Of small-brained Mammals, the orders Edentata and Chiroptera have 
not been obtained; in the case of the latter probably owing to the fragility 
of their remains. r_rhe distinction between the clawed and hoofed orders is 

generally well marked; three of the former and two of the latter being 
present. Some of the claws preserved present the subungulate character of 
certain existing Rodentia. 

Of the five Mammalian orders above enumerated as present in this fauna, 
but one, the Perissodactyla, belongs to the large- brained series. This includes 
only ten species of the fifty-four. On the other hand, the remaining orders, 
both ungulate and unguiculate, agree in the very small size of the brain, in 

the relatively small si-ze of the hemispheres to the whole, and in the absence 
or rudimental condition of the convolutions. I have verified this fact in the 
Creodont Oxycena and the Am blypod Coryphodon in the preceding pages, 
and Professor Gervais has shown the same character in the Oreodont Arc­
tocyon ·of the French Suessonian. 

So far as these observations have gone, they coincide with those made 

*These hav·e been discovered in beds of the Green RiYer series in Wyoming by 
Hayden. · 
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eight years ago by Prof. Edoua·rd Lartet, of Paris. He states* "that it is 
the result of a number of investigations undertaken in different horizons of 

the Tertiary strata, that the n1ore we follow th<j Mamrnalia into the antiquity 
of geological time, the greater is the reduction of the volume of the brain 

in con1parison with the size of the head and the total dimensions of the 
body. Cuvier observed the form of the brain of the Anoplotherium in a cast 
of marl, which was consolidated 1vithin the cavity of a skull of this anhnal, 

found in the gypsum of l\-fontn1artre. He says:* 'It has little volume, and 
is flattened horizontally; the hemispheres do not present convolutions, but 
vre find only a shallow, longitudinal impression on each. All the laws of 
analogy authorize us to conclude that our anin1al was greatly deficient in 
intelligence.' In fact, the skull of the Anoplotherium is six times as long as 
the cast of its cerebral hemispheres, and this animal, whose din1ensions 
Cuvier compared to those of a medium-sized Ass, had a brain smaller than 
that of the existing Roebuck. 

" I owe to the kindness of Professor N oulet, of Toulouse, the posses­
sion of a fossil cranium, in which I have found the cast of a brain still more 
ancient than that of the AnoplotAerium of ~fontmartre, since the fragment 
comes from the Eocene of the Lophiodon of Issei. In· the brain of this ani­
mal (which I call provisionally Brachyodon eocrenus, on account of the 
slight elevation of the crowns of the molar teeth), there are no longer any 
convolutions, but only certain irregularly~defined folds; the olfactory lobes . 
are much prolong~d in front, and the cerebellum is entirely separated from 
the hemispheres. This brain is smaller in all respects, and less complicated 
in its structure, than that of the Ccenotheriurn described by Gratiolet; but 
it must not be forgotten that the latter animal is from a formation much 
more recent ; that is, the Inferior Miocene of Allier. 

" In proportion as we approach the prese!lt period, the differences 
between the fossil brains and those of living species becoine less marked, as 
has also been observed with reference to the elevation of the crowns of the 
molars. Thus the Deer and the Antelopes of the l\1iddle l\1iocene of San­
san present many convolutions, while the cerebellum remains moderately 
uncovered, and the olfactory lobes· are very prominent. In the Superior 

• Comptes Rend us, J nne, 1868. * Ossernens Fossiles, iii, p. 44. 
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Miocene of Pikern1i, the brain of the Hippotherium (Hipparion) shows itself 
a little less rich in convolutions than that of the existing Horse; and in a 
fTagnwnt of a skull of a 1\fonkey, from the same locaiity, which I have been 
permitted to examine in the museum, the cerebellun1 is less completely cov­
ered by the hemispheres, and the median vermis is more prominent than in 

the living Sernnopitlteci, of the types most nearly related to those of Pikermi. 
But, in order to show more clearly this disproportion of the fossil brains in 
relation to those of living lJiamrnalia, it is ne~essary that comparison should 
be made between ·species of the same family, or, better -still, of the same 
genus. It has been possible for me to verify this point by the comparison­
of two carnivorous animals, the living Viverra genetta and the extinct Vi-
1Jerra antiqua of De Blainville from the Inferior 1\iiocene of Allier. From 

this, it appears that, with a cranium one-third longer and one-fourth wider 
than the living V. genetta, the fossil V. antiqua has not a larger brain, and 
that this brain, more attenuated in its frontal convolutions, does not extend 
so far forward. According to Gratiolet, a great development of the olfac­
tory lobes is a character of an inferior type. In fact, the more we ascend 
into paleontological antiquity; the more we find the olfactory lobes to dis­
play a great development in comparison with the cerebral hemispheres." 

rrhe wasatch horizon is lower than the oldest above referred to by 
Professor Lartet, and it is interesting to observe how his generalization 
with reference to the characters of the 1\Iammalian brain is confirmed. The 
Oxycena forcipata approaches more nearly to the Viverrine type than to any 
other fonn of the Carnivora, although separated by a wide interval. I have 
been able to obtain a cast of the superior and anterior portions of its cranial 
chamber, from which it appears that the brain possesses characters of a 
n1uch lower type than that observed in the Viverra antiqua. The olfactory 

lobes are enorn1ously developed, rising higher than the hemispheres, frorn 
which they are not only entirely free, but are separated by a constriction 
of their basal portions. The hen1ispheres are not wider at the middle than 
the olfactory lobes, and have therefore elongate proportions. Their supe­
rior portion is 1vithout convolutions, although not a ~Iarsupial. The gen­
eral forn1 in Oxycena is more like that of the Opossum than that of any 
other living ani1nal, but is still lower in character. Its inferiority is 
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e3pecially ·seen in its small size. .The mandibular ramus of the Oxymna 

forcipata is about the size of that of the Jaguar, but the brain, even with its . 

large olfactory lobes, is only about two-thirds as long and one-third as wide. 
I have already described the brain of Coryplwdon * as the lowest and 

most reptile-like Mammalian brain known, for the following reasons :-The 

diameter of the hemispheres does not exceed tgat of the medulla, which is 
as wide as the cerebellum. The latter is sn1all and flat. The middle-brain 

~ is the largest division, n1uch exceeding the hemispheres in size, being espe­

cially protuberant laterally. The hemispheres contract anteriorly into the 
very stout peduncles. of the olfactory lobes. These continue undivided to. 
an unusual length, and terminate in. a large bulbus, which is at first grooved 
above and then bifurcate at the extremity. The length of the hemispheres 
is one-fifteenth that of the cranium, and their bulk one twenty-seventh that 
of the hen1ispheres of a Tapir of the same size. Their surface is not con­
voluted, and there is no trace of Sylvian fissure. The region of the pons 
varolii is very .wide, and exhibits a continuation. of the anterior pyramids. 
The large size of the middle brain and olfactory lobes gives the brain as 

much the appearance of that of a Lizard as of a Mamn1al. 
The grade of a Mammalian genus is expressed in the skeleton by the 

structure of the limbs and that of th.e denti~ion. In the former, it is seen 

in the movable and in the fixed articulations, and the nun1bers of the digits. 
The movable articulations are those of the shoulder, elbow, wrist, hip, 
knee, and ankle. The fixed articulations are those of the ulna and radius. 
tibia and fibula, and those between the carpal and tarsal bones respectively. 
If we compare. the limb~bones of the Reptiles with those of the Mammals, the 
characteristic peculiarity of the former is seen in the absence of the crests 
which~ in the latter, bound or divide the articular sui-faces, or condyles; 
thus giving the joint greater firm·ness, and the movement greater precision. 
'l1here are great differences in the development of these characters in the 
Mammalia, and tlle facts presented by the types of the Eocene are of con­
siderable interest. 

. . 
·In the Mammalia with most specialized limbs, the condylest of the 
* Vide supra, p. 199. 
tIn the present work, this term is used for the distal articular portions, not (as 

in ant.hropotom,y) for the distal tuberosities, or epicondyles. 
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humerus are divided into two portions by a rib, which is nearer the external 

than the internal margin. One of these surfaces articulates with the ulna ; 
the inner portion, or trochlea, chiefly with t4e radius. In the Mammals with 
the least specialized lin1bs, this rib, which is called the intertrochlear rib, 
is wanting, as in the reptiles. Another character of the Mammalian hun1erus 

is the flange with acute border, in which the condyles terminate at their 
inner extremity, and which is present in nearly all types, but differs greatly 
in the degree of its prominence. The intertrochlear ridge is present in Artio­
dactyla, Perissodactyla,* higher Quadrumana, and a few of the Carnivora. In 
the Bears and Cats, it is wanting, as also in the Proboscidia and in the lower 
Mammalia generally. If now we consider the species of the Wasatch beds, 
we observe that this character is present in the ten species referred to the 
Perissodactyla, while it is absent in the forty-four remaining species. This 
conclusion is based on observation in the case of _the Amblypoda, Mesodonta, 
Rodentia, Tceniodonta, and Oreodonta. 

The differences in the cubito-carpal articulation are seen in the relative 
shares taken in it by the ulna and radius. In the lower terrestrial V erte­
brates, these shares are more nearly equal than in the higher, and some 
range in this respect is observable in the types of the Mammal!ia. In the 
Wasatch genera, it has only been observed in the Amblypoda, Creodonta, 
and Perissodactyla, and the radio-carpal articulation found to be rel~tively 
wider in the last and highest order than in the two extinct groups first 
named. In the Amblypoda, the radial articulation is as large as the ulnar. 

As regards the fixed articulation between the ulna and radius, the 
reduction of the former bone seen in the higher Artiodactyla and Perissodactyla 
is unknown in this fauna, and even the Wasatch Perissodactyla ( Orotheri~um) 
do not display the interlocking articulation between the two, seen in the 
humeral cotylus, in nearly all the representatives of the two above-named 
orders of the later and present periods. 

In the less specialized forms of femora, the distal ends are not distinctly 
divided into two condyles and a rotular surface, the three being more or 
less continuous. Such femora are not found among the genera of the fauna 
under consideration. U nspecialized character in the proximal end of the 

*Not well marked iu Rhinoceridre. 
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tibia is seen in the simple and low spine and obtuse or low crest, charac­
ters which especially belong to the Amblypoda and Creodonta, and inferen­
tially to the Mesodonta. Fragn1ents of tibire of Orotherium indicate a well­
developed tibial crest, as in other PerissodactY,la. 

The tibio-tarsal articulation in all Mammalia, including those of the 
Eocene period, is much the larger, the fibulo-tarsal being insignificant. In 
the Reptilia, it is a fixed articulation, and hence a flat one; in the Mammalia, 
it is the ankle-joint, and more or less ginglymoid. In most recent Mammals 
it forms a pulley-joint with flat sides, and in most of these its superior surface 
is grooved, generally deeply, to receive a corresponding angular rib of the 
tibia. The only existing order which exhibits a nearly flat tibial face of 
the astragalus is that of the Proboscidia, and the flatness is here trans­
verse, the antero-posterior section being slightly convex. An approach to 
this structure is seen in a few Insectivora, where the groove is shallow. In 
the Wasatch fauna, the only species· which are known to possess the 
specialized or interlocking ankle-joint are the ten referred to the Perisso­
dactyla. Of-the retnaining forty-four species, twenty-two have an ungrooved 

astragalus, that of the Amblypoda being flat, and those of the Creodonta 
being more or less convex antero-posteriorly. Of the remainder, it is 
ahnost certain that the Mesodonta and Tr£niodonta, fourteen species, present 
si mila~ characters. 

The number of the digits is an important index to the relative position 
of Mammalian genera. It is well known that specialization is exhibited in 
the orders Perissodactyla, Artiodactyla, Carnivora, Insectivora, Rodentia, and 
Marsupialia by the reduction of their number. This reduction is most 
strongly marked in the first two orders named, where but one or two toes 
ren1ain. The condition of the Wasatch Mammals in this respect is as fol­
lows:_ The Pantodonta and Creodonta certainly, and the Insectivora, the Ro­
dentia and Mesodonta, with great probability, possessed five digits on both 
pairs of feet. These groups include forty-one of the fifty-four species. Of 
the remaind~r, it is probable that the ten species of Perissodactyla presented 
a smaller number of toes, as four in front, and four, or probably three, 
behind, as in the case of several of the genera of the Bridger group. 

In dental characters, many points of interest have been presented in the 
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preceding pages. I will recapitulate them with reference to the principles 
laid down in n1y essay "On. the Homologies of the 1\iolar Teeth of the 
Mammalia Educabilia".* 

The two striking features in the dental characters of the known mem· 
hers of this fauna are the absence of the two most specialized types of Mam­
malian dentition, the sectorial and the Selenodont. The simple or slightly­
nlodified Bunodont type characterizes the Rodentia, Mesodonta_, Calamodon, 
and the uncertain Phenacodus,-that is, eighteen species; the flesh-eating 
forn1s ( Creodonta ), thirteen species, present the strong modification of the 
Bunodont dentition, which I have called the tubercular sectorial. 'fwo 
external crescents are only developed in the ten species of Perissodactyla. 
In nine of these, the inner primitive tubercles remain, constituting the lowest 
(" Symborodont") type in the ·order; while in one (Hyrachyus singularis), 
they are continued into transverse crests, forn1ing· the "Tapirodont ", or 
second g1:ade of dental complication in the order. The third, or H Seleno­
dont", as already ren1arked, is wanting. Another Lophodont type is pre­
sented by Coryphodon (the "Bathmodont"), where only one outer crescent 
is developed, with one outer tubercle, and no inner ones remain. The his­
tory of this peculiar dentition is unknown, but it is not more specialized 
than the Tapirodont type. 

It thus appears that of fifty-four species, thirty-five are Bunodont in 
their dentition and eighteen present a low and one a middle grade type of 
Lophodonts. This fauna presents rather more primitive characters than 
that of the Bridger beds, where Tapirodonts are very abundant (Hyrachyus). 
In the White River Miocene beds, the Selenodont and sectorial dentitions 
appear in strong force. 

In. reviewing the evidence brought together in the preceding pages of 
this chapter, the writer is of the opinion that the type of brain shown to 
exist in the Amblypoda and Creodonta is as distinct from those characterizing 
the primary·divisions of the Mammalia as they are from each other; and 
that it necessitates the establishment of a special subclass for their reception, 
of equal rank with the groups Gyrencephala, Lissencephala, and Lyencephala,. 

* Journ. Aca<l. Puila., 1874. 
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This I have called the Protencephala, * with the following definition :-Cere­
bral hen1isphe.res smooth, small, leaving not only the cerebellum, but the 
middle brain, exposed behind, and contracting into the very large olfactory 
lobes in front. Cerebellum very small and flat; middle brain large. This 
character is sustained by that of the ankle-joint, which, existing in two such 
distinct divisions as the Amblypoda and Creodonta, may be found to character­
ize .the entire subclass, but this is not yet certain. It is as follows :-Tibia­
astragalar articulation flat and without groove or segment of pulley. 

This subclass stands below the Lyencephala in its position, approximat­
ing the Reptiles in the points above mentioned more nearly than the latter 
do. It includes two orders, one Ungulate, the Amblypoda, the other Ungui­
culate, the Bunotheria. To the former belong the suborders Pantodonta 
and Dinocerata; to the latter, the Creodonta, and probably the Tillodonta and 
Tceniodonta. Whether the Mesodonta belong to it is not certainly ascertained, 
while the Insectivora do not belong to it, as they are rightly pla.ced in the 
subclass Lissencephala. 

The relation of these various characteristics to the question of deRcent 

is obvious, and it is believed that, 'through the study of this fauna, more 
intelligent phylogen1es are possible than heretofore. In 1868, I wrote as 
followst on the "law of' homologous groups": "In the same manner, the 
development of the convolutions of the brain does not define groups of the 
highest rank, since it progresses chiefly du.ring the later periods of embryonic 
life. Owen has endeavored to define the primary divisions of 
the 11-Iammalia by the character of these convolutions, whereas they only 
define the subgroups of the orders; for we have lissencephalous (smooth­
brained) Monkeys-certain Lemurs-and smooth-brained Ruminants [Artio­
dactyla], i. e., the extinct Brachyodon and Anoplothe·rium, according to Lar­
tet and Gratiolet. . . . . If now, through some topographical change, 
the whole series of Mammalia between the smooth-brained and convolute­
brained were lost to us, as by the elevation of land and the absence of 
favorable localities or bodies of water for the preservation of their remains, 
we would .have to study two homologous groups with the heterologous 

* Proc. Arner. Philos. Soc., March, 187·7. 
t Origin of Genera, pp. 62, 63, 79. 
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torn1s of each corresponding ':ith each other, as do now the genera of the 

Clamatores and Oscines, of the Arcifera and Raniformia, etc." The exami­

nation into the structure of the brains of the Eocene Mammalia, prosecuted 

since the above 'vas written, has resulted in the discovery of the subclass 

Protencephala, which embraces a series of suborders which correspond in 

part to those now existing, which possess more fully-developed brain~. The 

subclasses Protencephala and Gyrencephala are homologous groups in the 
true sense of the term. And I have shown that the impetfectiol}. of the 
tibio-tarsal articulation closely accompanies the undeveloped type of brain, 

the only order possessing the grooved astragalus being also the only one 

which presents the other general characters of an existing order, the Peris­
sodactyla. The following table represents the ancestral relations of the 

.Amblypoda and Bunotheria to the existing orders. As the Perissodactyla are 

the cotemporaries of these orders, I look for the discovery of the latter in 

still older beds, where they 'vill appear as the ancestors of the former ; and 

in this expectation I am encouraged by the reduction in numbers and va­
riety of Perissodactyla in the older Wasatch, as compared with the newer 

Bridger beds. Moreover, the Wasatch Amblypoda, as a~cestors of the exist­

ing Ungulata, present a type of dentition too complex to represent the direct 

ancestors of the Bunodont types, such as Artiodactyla-omnivora and Probos­
cidea; hence I look for the future discovery of. .Amblypoda with Bunodont 
dentition. The table is as follows, being in general features similar to one 
which I published in the Annual Report of the lTnited States Geological 
Survey of the Territories for 1872; p. 648. It differs in the substitution of 
ordinal and subordinal names for those of genera, in accordance with the 

language used in the text accompanying it, 1. c., p. 64 7. 

GYRENOEPHALA. 
Carnivora. Quadrumana. Proboscidea. Perissodactyla. Artiodactyla. 

LlSSENOlPHALJ.. 

Imectivora. 
I 

PROTENOEPHALA •. 

I 
• • •• . • • .. • • • • • Tamiodonta. Tillodonta. Oreodonta. Mesodonta. ¥...... . . . . . . . . . . . . Pantodonta. Dinocerata. 
'-- ~---....... ._ _____ ./ '- ~r ..../ 

BUNOTHERIA. AMBLYPODA. 



CHAPTER XIII. 

THE FOSSILS OF THE LOUP FORK EPOCH. 

REPTILIA·. 
1,ES1,UDINA1,A. 

TESTUDO, Linn. 

Testudo undata, Cope. 

Plate lxvii, figs. 1-2. · 

Ann. Rept. Chief of Engineers, 1875, ii, p. 994. 

Two species of Tortoises occur in association with the fauna described 
in the following pages, but their remains are mostly found in a fragmentary 
condition. Hence, although I procured nearly all portions of the skeleton, 
in no case do they belong to· a single individual. None of the fragments 
belong to species of any other genus, unless it be Stylemys. I possess the 
caudal vertebrre and a metapodial bone of one of the species recognized, 
and the latter indicates in the clearest manner that it is a Testudo. It is 
'vider than long, and totally different from the elongate metapodials of 
Stylemys. As already pointed out, these have the form characteristic of the 
EmydidtE, to which family the genus is to be probably referred. The caudal 
vertebrre are few and short, and have the procrelian characteE. They are 
without chevron-bones. 

The greater part of a plastron was obtained, which I describ.e here, as 
it cannot be definitely referred to its proper species. It is quite thin me­
dially, as in various Testudos, and is not much thickened within the fore 
border, as is the case in many species of that genus and of Hadrianus. The 
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bridge is thin and the axillary borders are thickened, but not prominent· 
inward. The end of a mesoBternal bone is.rather produced, and has not the 
lateral expansion seen in some Testudines and Stylemys nebrascensis and S. 

niobrarensis. A costal bone of uncertain specific reference, is abruptly ex­
panded at the proximal end, indicating the narrowing of the adjacent one. 
Its proximal end is transversely truncate, and on the inferior side is a slightly 

elevated and compressed capitulum, whose long axis is in that of the co13tal 
bone. The costo-vertebral scutal suture at the intervertebral scutal suture 
is but little inflected; the intervertebral is straight. 

A vertebral bone picked up alone, is wider than long; its form is sub­
quadrate, with truncated angles and concave sides. The superior surface 
is smooth; on the middle line of the inferior is a longitudinal thin lamina, 
.well produced downward, for suspension of the vertebra, resembling the 
arrangement I have shown to exist in Stylemys. ·This bone belonged to a 
tortoise of large size. It n1easures, length, om.075 ; width, om.090; thick­
ness, om.Ol3. In all the margi;nal bones preserved, they are seen to be united 
with the costals by a squamosal suture, and in no instance by gomphosis. 

The specimen which furnishes the characters of the Testudo undata 
includes portions or wholes of eight marginal bones and one costal. The 
former display a strong recurvature outward, and their internal thickening 
is near their sutural union with the costals. The borders are acute and do 
not display any emargination at either the dermal or osseous sutures. The 
posterior part of the margin of the posterior marginal::; is very convex or 
flared upward, descending at or behind the osseous suture. Thus the fore 
edge has an undulating form. The caudal marginal bone is recurved, not 
prominent, and. with a regular entire free margin. Its lateral sutures ex-. 
pand forward, so that its margin is narrower than its anterior portion. It is 
not divided by a dermal suture, consistently with the generic cl~aracter. The 
surfaces of the bones are nearly smooth. The scutal sutures are wide, and 
have distinctly-defined borders. The marginal near the bridge is remark­
ably massive, the bridgeward suture being twice as thick as that joining the 
free marginal. 

r:l'he size of the Testudo undata is as great as that of any of the species 
of Land-tortoises of our Tertiary forn1ations. 
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lJfeasurements. 
M. 

Length of the free margin of three conse~utive posterior marginal bones...... 0. 310 
Length of the last marginal bone ....... , . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 0. 122 
Width of the last marginal•boue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 135 
Th ickne~s at the middle ............................ _ ...... ~ .... ·. . . . . . . . . . . 0. 017 
Thickness of the bridgeward suture of a lateral marginal . . . . . . . . . . . . . . . . . . 0. 040 
Thickness of the opposite suture of the same..... .. . . . . . . . . . . . . . . .. . . . . . . .. 0. 015 

Fragments of other specimens, probably of this species, present still 
larger proportions. 

As compared with the two described species of Stylemys, this species 
differs in the strong flaring and recurvature of its marginal. bonos, and 
in the more wedge-shaped caudal marginal bone, as well as its much 
larger size. 

Testudo klettiana, Cope. 
Plate lxvii, fig. 3. 

Ann. Rept. Chief of Engineers, 1875, ii, p. 995. 

Indicated especially by a caudal marginal bone of a Tortoise of larger 
size than the one regarded as typical of the T. undata. It is, of course, 
probable that some of the fragn1ents above described without especial ref­
erence, belong to it. The caudal bone differs from that of T. undata in· 
being nearly plane, and thus wanting the recurvature or superior concavity 
of the corresponding bone of that species. Its form is also quite different. 
Its lateral sutures are nearly parallel instead of divergent anteriorly, and 
slightly concave; if a little expanded proximally, it contracts again to the 
suture for the pygal bone. This suture is a short squamosal on the outside 
of the caudal. The thickness of the bone is almost uniform to near the 
proxi~al suture; there an abrupt rabbet commences the plane of the thin­
ner pygal. 

Measurements. M. 

Width, proxin1al ..... A. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0. 105 
Width, distal ........................................•..... · ............. 0.110 
!.Jength .................................. · ............................... 0.110 
Thickness .................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 0. 109 

The free margin is slightly convex. 
Dedicated to Francis !(lett, of the United States Geographical Survey, 

to whose interest in paleontology we are largely indebted for the oppor­
tunity of studying the vertebrate fauna of the Loup Fork beds of New 
Mexico. 
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A v ~~s. 
Remains of four species of Birds were found by me in the sands north 

of Pojuaque. One of the species is represented by nearly all of the bones 
of the skeleton of one or both sides, but none of them in an unbroken 
condition. Another possesses the distal extremity of the humerus, proxi­
mal part of the ulna, distal end of radius, and other less characteristic 
pieces. The third is represented by a principal phalange. 

The bones of the second species resemble very much the corre~pond­
ing parts of the Vultur umbrosus below described. They have from three­
fifths to two-thirds the linear dimensions of those of that species, and, like 
them, belonged to a rapacious bird. The distal extremity of the humerus 
differs in n1inor particulars from that of V. umbros~ts. Thus the fossre for 
muscular insertions on both the external and internal tuberosities are deeper, 
larger, and more sharply defined, as is also the case with the extensive 

concavity of the external face. The ulnar condyle is more globose. On 
the other hand, the ridges on the superior face of the proximal part of the 
ulna are not so strongly defined as in V. umbrosus, and the projecting lip 
next to the radius has a greater longitudinal extent. The distal end of the 
radius is relatively large, having three-quarters the diameter of that of the 
V. umbrosus. The marginal and middle distal internal tuberosities are less 
unequal in size than in that species. 

The third species is represented by a first phalange. It is shorter and 
stouter than that of V. ~mb~osus, and was not coossified with the adjacent 
one. Its surface is rather coarsely striate internally and distally, and the 
general form is clumsy. It belonged, perhaps, to a large Gallinaceous bird 

and immature individual. The shaft narrows distally, and the inner side 
has a high, obtuse crest, which is highest near the proximal end. The 
distal end of the shaft is oblique inward. 

Measurements. 
M. 

Length . • .. . • . . . . • . . • . . • . • • . . . . . • . . • . . . . . . . . . . . . . • . • . . • . • . . . • • • . . . . . . • . . . 0. 024 
Proximal transverse diameter. . . . . . . • . . • • • . • • • • • • • • • • • • • • . . . . . • . . • • • . • . . . 0. 0085 
Antero-posterior diameter at the middle . . . . . • • • • .. • • . . . . . • . . • • . . • . • • • . . • • . 0. 009 
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RAPT ORES. 
VULTUR, Linn. 

I have referred provisionally to this genus a rapacious Bird, in size 
intermediate between the Turkey Vulture ( Cathartes aura) and the Golden 
Eagle (Aquila chrysaetos ). The beak is coin pressed, and the culmen, con­

vex in the transverse direction, descends obliquely from above the middle 
of the tomia to the apex. The nareal openings are large, and are 
directed obliquely downward and forward, and are bounded within, by a 
septum, which does not extend behind their posterior borders. "rhey are 
bounded below and behind by a prominent flaring border. The symphy­
sis of the lower jaw is straight, quite elongate, and regtilarly rounded in 
transverse section. The bones of the hind legs are less robust than those 
of the wings, but the tarso-metatarsus is not so slender as in the Polyborine 
division of the Falconid(J3, but resemble in their robustness the true Vul­
tures. The digits of the foot are more slender than those of the .Aquila 

chrysaetos : those of the external and middle digits are of the same length 
as in that species, while the inner free metatarsus is smaller in all dimen­
sions. 

Vultur umbrosus, Cope. 

Plates lxvii, figs. 10-18, and lxviii. 

Vultur 'wmbrosus, Cope, Proc. Acad. Phila., 1875, p. 271 : Ann. Rept. Chief of Engineers, 
1875, ii, 993. 

Oatltartes umbro.flus, Cope, Proc. Phil a. Acad., 187 4, p. 151 ; Ann. Rept. Chief of 
Engineers, 187 4, 606. 

The superior portion of the beak is contracted in line with the anterior 
border of the nares, showing the anterior limit of the cere._ The surface 
anterior to this is marked with ramifying grooves for nutritive arteries. 
Between the nares, the supe.rior face is but slightly convex. The nareal 
openings are large. The tomia of the beak are convex downward and back­
ward fro in the anterior portion, which is in line with the inferior border of the 
nares. The posterior end of the mandibular symphysis is below a point which 
measures three-fifths the length from the apex of the beak to the anterior 
border of the nares. The apex of both jaws is broken off. As compared 
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·with the Aquila chrysaetos, the symphyseal region differs, besides its greater 
length, in the less decurvature of the tomia anteriorly, and consequent 
deeper excavation to near the apex. The angular part of the mandible 
resembles that of the species mentioned, but has the inferior angular ridge 

prolonged to the angle, which it is not in the Eagle, and has a better~defined, 
delicately sharp masseteric ridge. The inferior part of the left quadrate 
bone is much like the corresponding part in Aqujla chrysaetos . 

.llleasurernents. 
M. 

Length of the beak from the posterior border of the nares, restored. . . . . . . . . 0. 042 
Length from the anterior border of the nares ~ . ~ c • • • • . • • • • • • • • • • • • • • • • • • • • 0. 029 
Dt=>pth at the anterior border of the nares . . . . . .. • • . ..... ~.. . . . . . . . . . . . . . . 0. 020 
"\Vidth at the anterior border of the nares ....... ~ _.. . . . . . . . . . . . .·... . . . . . . . 0. 012 
Width at the posterior border of the nares........................ . . . . . . . . 0.·018 
Length of the ssmphysis, restored ....... _.... . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 016 
VVicith at the posterior end of the SJmphs~is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 010 
Widtll of the nares at the middle.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
Length of the mandible from the tomia to the angle . . . . . . . . . . . . . . . . . . . . . . . 0. 0150 
Depth at the posterior end of the tomia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0095 
Length of the external condyle (oblique)...... .. . . . . . . . . . . . . :. . . . . . . . . . . 0. 0100 
Width of the quadrate at the middle . . . .. .. .. .. . . . . . . . . . .. . . . . . . . . . . . . . . 0. 0080 
Depth (fore and aft) of the distal end....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0060 

Two cervical vertebrre are P!eserved from the middle of the series. 
They have no hypapophyses, and a small tubercle at the apex of the pos- · 
terior emargination in the position of a neural spine. The neural canal is 
Fmbcylindric, and the neural arch has two or three small acute tubercles on 
its external face. The arch inclosing the vertebral canal possesses the 
three external grooves well defined, better than in Aquila chrysaetos, and 
the inferior is separated from the inferior face of the centrum by a small 
compressed tubercle. The ridges bounding the upper s~rface of the neural 
arch behind are stronger than in A.. chrysaetos. 

An anterior dorsal vertebra has a wide, flat table, representing a hypa­
pophysis, which is obliquely truncate on each side behind, and has no prom­
inent apex. Between it and the anterior articular face of the centrum is a 
deep pit. There is a larger pneumatic pit on the posterior face on each side 
of the articular face, which does not penetrate the anterior wall. There is 
a very small-capitular surface for a rib. It is probably the first dorsal ver-
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tebra. As compared with the corresponding one of the Golden Eagle, with 
which it agrees in size, it differs in the greater width of the hypapophysial 
table, and the entire absence of its n1edian process. The two succeeding 
dorsal vertebrre are wanting, should the number have been the same as in 
the Golden Eagle,-seven .. This is not ·certain; but the two which come 
next of those of the V. umbrosus which are preserved, present a dispropor-. 
tion in size, so like that seen in those occupying the same position, third 
and fourth from the sacrum, in the Golden Eagle, that the relations were 
pro ba bl y the same in both species. Those preseryed will then be the first, 
third, fourth, sixth, and seventh ·dorsals, with the dorso-sacral continuous 
with the sacrum. 'rhe third dorsal presents a hypapophysial table similar 
to that of the first; but differing in the more produced anterior lateral angles. 
Like it, it differs from the corresponding one of the Golden Eagle in its 
much greater horizontal extent; want of downward projection, and want of 
median spine. rrhe large lateral pneumatic fo~sa is more median in position 
than in the first,. and the rib-facet is higher up. The fourth vertebra is held 
in connection with the third by ren1aining portions of matrix, and differs 

fi·om it in greater length of centrum and the compressed spine-like hypa­
pophysis. The pneumatic foramen is median, and immediately at the base 
of the hypapophysis, lower down and smaller· than in the third vertebra.· 
The_ costal facet is higher up; the diapophysis is well developed, with an 
anterior and posterior fossa separating the wide superior and narrow inferi0r 
planes. The posterior articular face of the centrum is subtriangular in out­
line, with rounded angles and slightly concave' sides. The sixth dorsal 

strong]y resembles the fourth. Its anterior articular face is subquadrate in 
· outline, a little broader than long, and differs n1uch from that of the third in 
its greater vertical depth and much less excavati0n. The p~·ezygapophyses 
have not a lateral external crest continued into the diapophyses, and the 
latter are m~re posterior in position. The hypapophysis is similarly com­
pressed, and its basal pneumatic foramen is reduced in size. The seventh 
dorsal differs from the others in the absence of hypapophysis. Its inferior 
face is acutely carinate, and the pneumatic foramen is wanting. The dia­
pophysis is much reduced, and there is a ~mall pneumatic foramen at its base 

19 G R 
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not found in the preceding vertebra. The posterior edge of the neural spine 

is grooved at the base. . 
The sacrum preserved includes the dorso-sacral vertebra, whose line of 

junction with the following ones is distinct, and the solid body formed by 
the coalescence of eight vertebrre, at the end of which it is broken off. The 
sacrum differs from that of the Golden Eagle in having six diapophyses 
given off behind the dors.o-sacral, while only five are present in the latter. 

· The dorso-sacral differs in shape; its centrum is compressed, and with an 
acute inferior angle, in which the next centrum resembles it. In the Golden 
Eagle, the centrum is wide, and without keel. The sacrum, though nar­
ro·wer, is longer than in that species, and 1naintains its width farther; thus 
it is widest at the ninth centrum, while it has already begun to contract in 
the Golden Eagle at the seventh. There are four consecutive caudal ver­
te brre and a plowshare-bone. The former are, as usual, wider than long·, 
and have elevated neural spines notched at the extremity. They are, unlike 
those of A. chrysaetos, without hypapophyses. The diapophyses are elongate 
and decurved, and have a flattened face on the upper side near the base. 
The plowshare-bone is remarkable for its small size as compared with the 
corresponding bone of the Aquila chrysaetos. It is not coossified with the 
preceding vertebra, and the hypapophysial fissure is scarcely closed below 
by the opposite halves of that process. The posterior face is divided by a 
median vertical groove from top to bottom, and each half is flared outward, 
each lateral border being convex. rrhe double hypapophysis projects 
downward in two straight processes, separated by a notch. A small fora­
men is present opposite the anterior articular face. The distal part of the 
superior ala is broken off. 

Measu.rements of vertebrm. 
M. 

Length of a cervical below ............... o .............. ,. .. • • • • • • • • • • • • 0. 01.3 
Length with the anterior articular face . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 014 
Greatest width over the vertebral canal . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . 0. 0175 
Width of the postflrior articular facet . . . . . . . . . . . . . . . . . . . . . . . . • . . .. • . . . . . . 0. 0065 
Depth of the same .................................•....................• 0. OO~l5 
Width at the base of the neural cana.l .................................. _.. 0. 0065 
Length of the centrum of the first dorsal from the anterior concavity. . . . . . . . 0. 0113 
Width of the same below.. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0. 0120 
Depth of the nem·al canal posteriorly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 006 
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Width of the Aame ..•..... ~.......... . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . 0. 008 
Width of the centrum posteriorly . . . . . .. . . . . . • . . . . . . . . • • . . . . . . . . . . . . . . . . . 0. 0045 
Depth of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . • . • . . . • 0. 0055 
Length of the centrum of the third dorsal from the fundus of the anterior 

facet . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 0130 
Width of the same below. . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . .. . . . . . . 0. 009 
Width of the anterior facet.. . . . .. . . . . . . . . . . . . . . . . . . • . . . . ... . . . . . . . . . . . . .. 0. 005 
Vertical depth of the same .................•..•.. ~ . . . . . . . . . . . . . . . . . . . . . • . 0. 005 
Length of the fourth vertebra . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . • • . . . . . . . . . . 0. 015 
Depth: of the posterior articular face.. . . . • . • . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . 0. 006 
Width of the same . .. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . 0. 0075 
Length of the seventh dorsal centrum............ . . . . . . . . . • . . . . . . . . . . . . . . 0. 0180 
Width of the same anteriorly...... . . . . .. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 0. 0080 
Depth of the same anteriorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0070 

Diameter of the neural canal of the same l vertical · · · · · · · · · · · · · · · · · · · · · ·· · · 0. 0045 
~ transverse . . . . . . . . . . . . . . . . . . . . . 0. 0045 

Length of the sacrum to the tenth centrum . • . . . . . . . . . . . . . . . . . . . . . . • • . . • • . 0. 0650 
Width of the centrum of the first sacral posteriorly...... . .. . . . . . . . . . . . . . . . . 0. 0090 
Width of th~ centrum of the ninth sacral posteriorly . . . . . . . . . . . . . . . . . . . . . . 0. 0135 
Combined lengths of the four anterior ca~dals . . . . . . . . . . . . . . • . . . . . . . . . . . . . 0. 0200 
Width of the centrum of the anterior . . • • . • • . . . . . . . . . . . . . . . . . . .. . . . . . . . . 0. 0060 
Depth of the same. . . . .. . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0. 0035 
Length of the plowshare-bone ......... _ ............•....•.•....... -...... 0. 0070 
Wiuth of the same anteriorly...... . . . . . . . . . . . . . . . . . . • . .. . . . . . . . . .. . . . . . . 0. 0050 
Width of the same posteriorly . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0065 
Depth of the hypapophysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 0. 0050 

Of the scapular arch, I have the proximal ends of both coracoid bones, 
and the distal end of one of them, and the proximal portion of the left limb_ 
of the furcula. The latter presents the coracoid facet and flat internal face, 
as in the Eagles, but the a~terior border is less convexly arched than in the 
A. chrysaetos and A. bonellii. The anterior extremity of the corac9id is as 
long as that of A. chrysaetos, but narrower, while its humeral facet is as wide 
and longer. The scapular fossa is smaller and more oval. The inner angle 
of the distal extremity is produced, as in the Golden Eagle, but the fossa of 
articulation with the sternum, while as wide as that in the Golden Eagle, is 
only two-thirds as long. The proximal pneumatic foramina are large, and 
not concealed by overhanging borders. 

Mea.surements of the scapular arch. 
M. 

Length of the coracoid anterior to the bumeral facet. . . . . . . • . . . . . • . . . . . . . . . 0. 0011 
Length of. the humeral facet . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . 0. 0150 
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vVidth of the same ...............•.......•................ ~.. . . . . . . . • . . 0. 0080 
Length of the scapular facet .••.. ~ .......•.... ~. . .. . . . . . . . . . . . . . . . . . . . . . . . 0. 0060 

. Width of the same...... . . . . . . • . . . . . . • . . • • . . . . • . . . . . . . .. . . . . . • . . . . . . • . . . . 0. 0040 
Transverse extent of the distal articular fossa of the coracoid .......... .'. . . . 0. 0150 
Width of the same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0080 
Transverse diameter of the shaft of the coracoid just above the posterior distal 

muscular area . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0130 
Length of the scapular facet of the furcula . .. .. .. .. .. . . . . . . .. . . . . . . . . . . . . 0. 0100 
Width of the furcula at the lower end of the same.... . . . .. . . . . . . . . . . . . . . . . 0. 0140 

Of the· pelvic arch, only the ischia remain; that of the right side is the 
best preserved. It is smaller than that of the Golden Eagle, and but little 
less robust; it differs remarkably fron1 that of that species, in that the 

sacro-ischiatic foramen extends a considerable distance poste~iorly to the 
obturator foramen, 'vhile in the latter their posterior borders are in the 

same diagonal line. The ridge of origin of the ischio-femoral n1uscles is well 
developed, running parallel with the inferior border. 

Measurements of tlte ischium. 
M. 

Length ............................ , . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 0. 0410 
Depth at the end of the obturator foramen . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 005 
D~pth at the end of the sacro-ischiatic foramen . . . . . . . . . • . . . . . . . . . .. . . . . . . . 0. 009 

Of the wing-parts, all the elements excepting the radius and so1ne of 
the phalanges are present. The proximal end of the humerus is the largest 
of those of the long bones. It is slightly concave anteriorly, and the 
external crest is thicK. and recurved backward, and terminates in a hook­
like truncate tuberosity dir~cted backward and inward. The condyle or 
head is lenticular in section, with the anterior border flat, and the extremities 
acuminate, the outer separated fron1 the external tuberosity by a deep notch. 
'rhe proximal part of the shaft is convex behind, and has a shallow groove 
on the external side of the median ridge, between which and the external 

border tho section is slightly concave. The distal end resembles the cor­
responding portion in the Golden Eagle, but the ante1ior supracondylar fossa 
is deeper and 'vith better-defined lateral borders. On the anterior face, 
the n1uscular ridges are well defined as three longitudinal raised lines, while 
tho surface is almost uniform in the 4- chrysaetos. ':['bus, there is a wide, 
open groove above the internal tuberosity in V. umbrosus, which is but little 
defined in the former species. The external tuberosity is n1ore protuberant 
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in the Golden. Eagle, and less sharply. defined anteriorly and posteriorly 

than in the V. umbrosus. The condyles are much alike in the two species, the 

radial projecting well inward and backward with acuminate apex; the ulnar 

having a greater transverse than antero-posterior diameter. The proximal 

end of the ulna is without olecranon, and presents the usual lip of the inner 

side well developed, with articular stuface wider than long. The shaft 

is strongly grooved on the outer superior surface. Three-quarters of an 

inch from the proximal extremity, there commences on the external side of 

the shaft the ridge to which the secondary feathers were secured. The distal 

extren1ity of the coossified metacarpals is preserved, which supports the 

artic11lar facet for the ph~langes on the extremity of the anterior one. The 
distal part of the shaft of the latter presents a longitudinal groove .on the 

external face. Altogether, the piece is exceedingly like that of the Golden 

Eagle. The first phalange is triangular in section near the base, being 

broad in front, but consisting mainly of an anterior rod and posterior ala. 

The anterior face becomes concave beyond the distal half. The distal 
articular extremity IS flat and truilcate; it is triangular, and has a narrow 

posterior ala. 
Measurements of the wi1tg-bones. 

Transverse diameter of the proximal end of the humerus ............. " .... . 
Antero-posterior diameter of the head ..................... , .............. . 
Antero-posterior diameter at the tuberosity ............................... . 

D . t f th h f b 1 h · 1 . 1 { transverse ........ ~ tame er o e s a t e ow t e mterna margma crest t. t . an ero-pos erwr ... . 
Transverse diameter of the distal end . . . . . . . . . . . ....................... . 
Transverse diameter of the two condyles ................................. . 
Transverse diameter of the ulnar condyle ...............•.................. 
Antero-posterior diameter of the same .................................... . 
Width of the proximal articular extremity of the ulna ..................... . 
Diameter of the shaft of the ulna om.04 from the proximal end ............. . 
Transverse diameter of the extremity of the coossified metacarpals ......... . 
J.Jength of the first phalange ............................................. . 
Proximal diameter of the same .......................................... . 
Distal diameter of the same ............................................. . 

M. 
0.032 
0.010 
0.013 
0.013 
0.013 
0.028 
0.020 
0.011 
0.008 
0.019 
0.011 
0.012 
0.037 
0.009 
0.007 

The femur presents no marked char~cters as compared with that of 
.Aquila ·chrysaetos, but is smaller on comparison than are some of the other 

bones, e. g., vertebrre. 'I'he crests are all sharp. The san1e retnarks apply 
to the tibia. rrhe rough line of the external side is continued to the external 
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distal tuberosity, which is not the case in the Golden Eagle. The distal 
external tubercles are less marked than in that bird, while the internal one 
is similar, but not so median, being near the posterior superior margin of 
the condyle. The anterior ligamentous bridge is similarly oblique, and 
spans a deep fossa. The inner plane of the distal end is not parallel to the 
exterior, diverging backward and inward. The condylar surface is uninter­
rupted. The proximal end of the fibula differs from that of the A. chrysaetos 
in the g~eater transverse width and the obliquity of the articular face out­
ward. The tarso-metatarsus presents a prominent ala. along the interior 
margin, which is recurved posteriorly, as is also the posterior margin of the 
flat external side. Of the three distal condyles, t~e internal has less trans­
verse extent than the corresponding one in the A. chrysaetos, being but little 
wider than the median condyle. It terminates in the usual posterior acumi­
nation. The internal free metatarsus is like that of the species just 
mentioned, but is one-third sn1aller. The proxilnal phalange of the third 
digit is a little longer than the corresponding one in the Golden Eagle, and 
much more slender; the penultimate phalange is more slender and is shorter. 
Of the fourth digit, the first phalange is a little longer, and much more 
slender; the second is relatively longer than the first, while the third is of 
the san1e length as in the Golden Eagle, but not more than half the dian1eter. 
The lateral condylar fossre are not strong, excepting in the second and third 
phalanges of the fourth digit. The proximal end of the first of these 
presents the usual oblique articular face. 

:Measurements of tlw posterior limb. 

Diameter of the proximal end of the f~mur { !~at~~~~;·~:t~;i~~· ~:::::: ~:: ·.::: 
Transverse diameter of the shaft of the femur Qm.045 from the distal extremity. 
Antero-posterior diameter of the shaft of the femur at the same point ...... . 

~ 
trans verse . . . . . . . . . . . . . . . . . . . . . . . ••.••...•.... 

Diameter of the distal ('Dd antero-posterior { internal ..... - ............... . 
external .................... . 

M. 
0.021 
0.017 
0.010 
0.011 
0.022 
0.014 
0.020 

D. t f th · 1 d f th t'b' { transverse ................... _ 0. 020 
mmc er o e proxima en o e 1 ta antero-posterior . . . . . . . . . . .. . . . 0. 017 

Transverse diameter of the shaft om.04 from the proximal end . . . . . • . . . • . • • . 0. 012 
Antero-posterior diameter of the shaft at the same point........ • • • • • . . . • . • 0. 007 
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~ 
transverse ............••....•..... 

Diameter of the distal e.nd of the tibia antero-posterior { ~xternal · ....... -
mterual •••...... 

Long diameter of the proximal end of the fibula ....•...................... 
Transverse diameter of the middle of the shaft of the tarso-metatarsus ...•.. 
Antero-posterior diameter of the external side of the tarso-metatarsus ... ~ .. 
Transverse diameter of the distal extremity of the distal end of the tarso-

metatarsus ......................................................... . 
Antero-posterior diameter of the median condyle of' the tarso-metatarsus ... . 
Length of the inner metatarsus ............•.............................. 
Distal width of the same . . . . .......................................... . 
Length of the proximal phalange of the third digit .....................••. 
Proximal diameter of the same ..........•.........•...................... 
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0.016 
0.012 
0.013 
0.011 
0.010 
0.009 

0.019 
0.010 
0.017 
0.011 
0.029 
0.009 

Distal width of the same ........... ._ . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. 0066 
Lengt.h of the penultimate phalange of the third digit, below .......... ~,.. 0. 022 
Length of the basal phalange of the fourth digit . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 

· Distal width of the same. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 0. 005 
Length of the second phalange of the fourth digit. . . . . . . . . . . . . . . . . • . . . . . . . 0. 007 
Distal width of the same ........................................... ~. . . . • 0. 005 
Length of the penultimate phalange of the fourth digit, below . . . . . . . . . . . . . 0. 020 
Distal width of the same. • . . . . . • . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . 0. 0038 

The remains above described were found by the writer lying together 
on the surface of the friable sandstone from which they had weathered, and 
without admixture of fragments of any other animal. 

MAMMALIA. 
R()D ~~N1"'IA. 
P ANOI ... AX, Cope.. 

Proc. Acad. Pbila., 1874, p. 151; Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 

Family Leporidce. Superior molars prisJ?atic, transverse, with a deep 
inflection of enamel on the inner side, except in the first and last. The first 
divided by an inflection on the anterior face; the last con1posed of two 
columns, an internal and an external, which are distinct to the base. 

This genus reposes on a number of superior molar teeth, which I found 
lying together, but separated. I have arranged them in the order indicated 
by the corresponding series in Palceolagus. The first molar resembles that 
of that genus, and of Lepus, where it consists of a transverse shaft, with a 
more or less well-defined anterior groove, forming a loop on the grinding-
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face of the crown. The last Inolar is the smallest, as in those genera, but, 
being composed of two distinct columns, is quite different from that of the 
two genera named, where it consists of a single simple shaft. 

The only species of this genus yet known differs in various respects, 
perhaps specific only, from those of Pala:olagus. One of these is the presence 
of a band of cementum on the inner side of the tooth, which fills the groove. 
On the first molar, this band is on the anterior face, a fact which caused me 
to view it as the inner side in my original description, so that the crown 
was regarded as longitudinal, instead of transverse, which is its true position. 
The number of molar teeth is unknown, but, by analogy with the allied 

genera, should be~. 

Panolax sanctrefidrei, Cope. 

Plato lxix, figs. 16-22. 

Loc. cit., p. 151; Ann. Rept. _Chief of Engineers, 1874, ii, p. 605. 

The cro,vns of the superior molars are strongly curved out'Yard; in the 
intermediate molars, the outer edge is subacute, on account of a bevel of the 
outer part of the anterior face, which is slightly concave. In these teeth, 
enan1el is present only on the anterior and interior aspects of the shaft, being 
concealed in the latter position by a narrow, but rather thick, band of 
cementum. 'rhe posterior face is naked. The first molar is smaller than 
the others, and is slightly curved backward as weJl as outwar~. Its outer 
border is obtuse, but narrower than the inner. Th'"' dnamel covers only the 
internal ·and half of the anterior faces; in the former position, its n1argin at 
the groove is concealed by the cementum band. The last molar is equal in 
its transverse and antero-posterior diameters, and is strongly curved out­
ward. The exterior column is the smaller, and is subround in section; the 
interior is oval and antero-posterior. Both anterior and posterior faces are 

grooved, but the posterior is the only enameled face, and is divided also by 
a band of cementum. 

A penultimate molar in a fragment of the jaw is transverse in position, 
as in the true Rabbits. 
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Mea~urements. 

Transverse diameter of an intermediate molar ...... . 
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M. 
0~0055 

Antero-posterior diameter of the same ............. w................ . . . . . . 0. 0025 
Transverse diameter of the first molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0035 
Antero-posterior diameter of the first molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0020 
Transverse diameter of the last molar.. . . . . . . .. • .. . . .. . . . .. . .. . . . .. . .. . . • . 0. 0025 
Antero-posterior diameter of the last molar...... . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0022 

This Rabbit was about the size of the Northern Hare. 

STENEOFIBER, Et. Oeoffr. 

Pomel, Oat. Meth. Vert. Foss. Bassin de la Loire, etc., 1853, p. 20. 

Molars ~ , prismatic ; the shaft with one deep inflection of enamel on 
each side, and the crown furnished with a few fossettes anterior and poste­
rior to the inflections. In the superior series, the internal inflection is the 
most extended in the length of the shaft ; the external inflection is the most 
prolonged in the inferior molars. Incisors not compressed nor grooved. 
Frontal region contracted, as in Fibe'r. 

Three species of this genus are enumerated by Pomel as having been 
found in the Miocene forn1ations of France and of the Rhine, of which the 
longest known is the 8. viciacensis. l-Ie points out that 8teneojiber differs 
from Chalicomys, I(aup, in the structure of the molar teeth. In the latter, 
there are two external and one internal. enamel inflections in the superior 
n1olars, and~one external and three internal inflections in the inferior molars. 

Two species of 8teneofiber have been described from North America, 
viz, the 8. nebrascensis, Leidy, from Miocene beds of Nebraska, and the 
8. pansus, Cope, from the Santa Fe marls. These species agree with the. 
European ones in dental, and, in the case of the former, in cranial charac-' 
ters, differing in subordinate details, which I can onfy view as specific. 
Each of them has, like its European congeners, but a single inflection of 
the enamel on each side. 

Steneofiber pansus, Cope. 

Plate lxix, figs. 4-14. 

Proc. Phila. Acad., 1874, p. 222; Ann. Rept. Chief of Engineers, 1875, ii, p. 993. 

Of this Rodent, I found the right mandibular and maxillary bones with 
all their molars, an incisor and a first superior molar of the left side, and 



298 RODENTIA. 

various bones, of one individual; also the inferior molar series of a second 
individual not fully adult. 

The superior molar teeth diminish in size from before backward. ·The 
first is the largest, the second and third are equal, and the fourth is the 
smallest. In all, the postero-external angle is right, the outer and posterior 
sides being flat, while the antero-internal angle is rounded off by the unin­
terrupted curve from the front backward and outward to the internal 
enamel fold. In the stage of wear of the specimen, the external inflection 
has become isolated from the border into a narrow fossette, which is strongly 
curved posteriorly. In all of the teeth, there is a single narrow fossette 
behind it. There is a narrow transverse fossette at the anterior part of the 
crown closely adjoining, or, in the second and third molars, continuous with 
the internal enamel inflection. The worn surface of the crown of the first 
molar is nearly twice the extent of that of the fourth. Its shaft is curved 
moderately inward and backward. 

The inferior molars present the same relations of size as the superior. 
The first is half as long again antero-posteriorly as any of the others, while 
the second and third are equal. The inner enamel inflection overlaps the 
external in front of it, and is preceded in all the crowns by one transverse 
fossette, except in the last, where there are two. These fossettes become 
smaller on attrition ; that of the first molar is a crescent with the horns for­
ward. There is one transverse fossette behind the external inflection. In 
form, the inferior molars are less triangular than the superior ; the first and 
last differ from the others in presenting a strong antero-internal angle. 

The mandibular ramus is robust, and the coronoid process originates 
opposite the line of contact of the second and third inferior molars. The 
diastema is abruptly concave, and the mental foramen is below its fundus. 
The inferior border below the molars is nearly straight. The molars ter­
minate in short roots at the base of the long prismatic crown. The inferior 
incisor is almost quadrate in section, the two posterior angles being rounded. 
The enamel does not extend on either side, and is smooth ; its transverse 
section is slightly convex. The surface of the dentine is polished, and is 
marked with faint, transverse, undulating lines. The transverse maxillo­
palatine suture is opposite the posterior part of the second superior molar; it 
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passes through the single lateral palatine foramen, which is preceded by a 
groove of the maxillary bone. The auditory bullre are very large; they 
are subsemiglobu1ar and compressed. The humerus preserved lacks epiph­
yses; its sections are triangular, owing to the presence of aliform angles. 
One proximal directed inward and backward is much more prominent than 
the deltoid crest opposite to it. The ulna is compressed posteriorly, and 
the olecranon is short. 

Measurements. 
M. 

Length ofthe superior molar Reries. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . 0. 0150 
Length of the first superior molar ........... : . ..................... '".. . . 0. 0050 
Length of the fourth superior molar .... · ......................... •... . . . . . . 0. 0038 
Length of the crowns of the inferior molars . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . 0. 0160 
Length of the first inferior molar . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0. 0050 
Width of t.he same .......................•... , . . . • . • . . . . . . . . . . . . . . . . . . . . 0. 0040 
Width of the last inferior molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0035 
Transverse diameter of the inferior incisor . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 0. 0040 
Depth of the ramns at the first molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0140 
Width of the ramus at the last molar . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 0. 0080 
Horizontal diameter of the auditory b_ulla .........•........ ~ . . . . . . . . . . . . . . 0. 0150 

The younger specimen is instructive, as showing the primitive ·condi­

tion of the fossettes and inflections of the mature dentition. The first molar 
is unworn, the fourth but little, and the secoJ?d and third a little more 
worn. I~ the crown of the first, the outer inflection is seen to be continu­
ous with the posterior transverse fossette, which notches the internal and 
posterior borders also. The anterior crescent-like fossette notches the 
antero-lateral borde~s. In the following two teeth, the post_erior fossette is 
distinct from the outer inflection, but is a second. or posterior internal 
inflection, soon becoming isolated on attrition. The anterior transverse 
fossette is isolated in these specimens. In the fourth molar, both the ante­
rior and posterior fossettes are inflections from the inner side, thus giving 
three for that side, as in Chalicomys. Thus it is evident that in its immature 
~tate the dentition of this species approaches much more nearly that assigned 
by Pon1el to Chalicomys than it does at maturity; for that a little attrition 
would soon produce the pattern seen in the specimen first described is 
entirely obvious. 

A con1parison of this species with the 8. nebrascensis, Leidy, reveals a 
nun1ber of differences. In that species, the first and second molars in both 
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jaws are nearly or quite equal; in the 8. pansus, the first of both series is 
conspicuously the largest. The second and third present a difference in 
proportions in S. nebrascensis, while they are equal in tlie S. pansus. In 
the same way, the transition in size from the third to the fourth is abrupt 
in 8. nebrascensis and very slight in S. panstts. The superior molars are rep­
resented as more quadrate in the 8. nebrascensis, and there are two fossettes 
behind the external inflection. This cannot be due to attrition alone, as they 
are related antero-posteriorly, and are therefore not divisions of a single 
transverse fossette. As compared with the S. pansus, the S. viciacensis has a 
still smaller posterior upper molar, which often lacks the internal enatnel 
inflection ; and the fossettes are one n1ore in each crown, as in S. nebrascen­
sis. * The enamel inflections of the inferior molars are said to be opposed, 

and not alternating, as in both the American species. 
The Steneojiber pansus was about as large as Prairie Dog ( Cynomys 

ludovicianus), but more robust. 

EUMYS, Cope. 

Cope, Ann. Rept. U. S. Geol. Surv. Terrs., 187f, (1874), p. 474.-Leidy, Ext. Mamm. 
Fauna Dak. and Nebr., 1869, p. 342 (name only). 

The characters of this genus as pointed out in the article above cited 
cannot be verified on the species be~ow described, as the mandibular ramus 
with dentition is the only part preserved. The characters of the molar 
teeth are identical in character with those of the Eumys elegans, and it is 
therefore provisionally referred to the same· genus. -They also resemble 
those of the genus Hesperomys, to which I originally referred it. 

Eumys loxod-on, Cope. 

Plato lxix, fig. 1.5. 

Hesperomys loxodon, Oopc, Proc. Acad., Pbila., 1874, 150; Ann. Rept. Ohief of Engi­
.nee.rs, 1874, ii, 605. 

Eumys loxodon, loc. cit., 1875, p. 993. 

A nearly entire mandibular ramus, with all the teeth preserved, was 
found in the same deposits as tbe preceding species. Molars subequal, 

*This species is stated uy Leidy, on the authority of Hayden, to have been derived 
from the WI.Jite H.iver l\Iiocene; it will be necessary to verify this statement, as tho 
S. pansus is a Loup Fork species. 
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short-crowned; triturating-surface sign1oid. The apices of the sigma on 
the inner side ·t~1bercular, and anterior to the outer apices. First ·molar 
with an additional transverse crest in front. Incisor compressed; outer 
angle o( enamel face rounded, smooth. Molars series oblique, rising 
anteriorly. 

lJfeasurements. 
M. 

I~ength of the molar series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 0. 0050 
Length of the first molar ..... ~. . . . • . . . • . . . . . . . . • . . . • . . . . • . . . . . . . . . . . . . . 0. 0018 
Depth below the last molar (inner side) ......... ". ~ . . . . • . . . . . . . . . . . . . . . . . 0. 0030 
Depth below the first molar . . . . • . . . . . • . . . . . . . . . . .......... ." ..... ·. . . . . . • . 0. 0045 
Depth of the incisor . . . .. • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 0. 0015 
Depth at the diastema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 0027 

This Mouse is only two-thirds the size of the E. elegans, and of more 
slender proportions. 

The supe1·ior incisor tooth of a fourth spe~ies of Rodent was obtained. 
It is compressed, resembling those of the Murida, and particularly those of 
the Eumys elega.ns: It is twice as large as that of the E. loxodon. 

CARNIVORA. 
CANIS, Linn. 

I procured remains of four species of Dogs in the Santa Fe marls 
each one represented by a single n1andibular ramus. Only one of these is 
identifiable with species of the Loup Fork beds of Co~orado and Nebraska, 
and I cannot distinguish its lower jaw from that of the existing Wolf, 
although it must be added that my specimen is imperfect. Eleven spe·cies 
of the genus Canis are now kriown from the N <;>rth American Tertiaries, 
which range from the size of a Weasel to that of a Bear. I enumerate 
them in the order of size, adding also their stratigraphical position. 

a. osorum, Cope, White River horizon, Colorado. 
0. gregarius, Cope, White River horizou, Colorado. 
a. lippincottianus, Cope, White River horizon, Colorado. 
0. vafer,"Leidy, Loup Fork beds, Nebraska. 
a. temerarius, Leidy, Loup Fork beds, Nebraska. 
0. hartslwrnianus, Cope, White Hivcr beds, Colorado. 
a. lupus, L. (a. smvus, Leidy), Lonp Fork beds, Nebraska, Colorado, and New Mexico. 
0. wheelerianu,s, Cope, Loup Fork beds, New Mexico. 
a. dirus, Leidy, Quaternary• Mis:sissippi Valley and~ California. 
0. ~trsinus, Cope, Loup Fork, New Mexico and ~Colorado.· 
0. haydenii, Leidy, Loup Fork, Nebraska. 
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It is to be observed that six of the species.have been derived from the 
Loup Fork beds and only four from the Lower Miocene or White River 
beds, where they are associated with two species which have been referred 
to A.mphicyon, Lart. 

Canis f-. 

Canis vajer, Leidy, Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 988. 

Represented by an under· jaw without teeth, which is scarcely suffi­
ciently preserved to admit of certain determination. 

Canis lupus, Linn. 

Canis srevus, Leidy, Extinct Fauna Nebraska and Dakota, 1869, p. 28.-Cope, Ann. 
Rept. Chief of Engineers, 1875, ii, p. 988. 

Represented by a portion of the left mandibular ramus, which contains 
the alveoli, or fragments, of the molars in front of the tubercular. This 
fragment agrees nearly with the corresponding part of 0. lupus from l(an­
Ras, ~xcept in the nearer approxin1ation of the canine to the first premolar. 
This character is seen in some of the domestic varieties of 0. lupus. The 
ramus is a little more slender than in the specimen of the C. scevus, figured 
by Dr. Leidy. 

:Measurements. 
M. 

Length of the premolar series. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Probable length of the sectorial molar .. ·.. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 024 
Depth of the ramus at the sectorial molar...... . . . . . . . . . . . . . . . . . . . . . . . . • . . . 0. 026 
Depth of the ramus at the second premolar... . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . 0. 024 
Width of the ramus below the fourth J)remolar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 011 

Canis wheelerianus, Cope. 

Plate lxix, fig. 2. 

A left ramus of the mandible, lacking the portions below the co~dyle 
and in front of the canine tooth, furnishes the characters of this species of 

Wolf. The length of the dental series is identical with that of the Canis 
lupus from Kansas; and the ramus is a little deeper, especially behind, and 
a great deal thicker. This increase in thickness is especially visible on the 
external side, which has two planes, a superior and an inferior; the dividing 
convexity between them extending from the anterior angle of the masseteric 
fossa to below the posterior mental foramen. 4rhe sante aspect of the ramus 
in the Wolf is plane from the alveolar to the inferior border. The inner face 
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of the ramus is plane at the tubercular teeth, but the dental series is stron.gly 
curved outward in front of these; t~e sectorial tooth being oblique in position. 
Hencet the inner face is convex at the sectorial, and slopes obliquely outward 
from the thickening of the lower border at the symphysis upward. The 
anterior mental foramen is below the anterior part of the second premolar, 
and the second foramen is below the posterior border of the third premolar. 
In the specimens of Canis lupus, both wild and domesticated, I find the 
posterior mental foramen to be below the anterior part of the third molar 
when present. The exte1nal face of the ramus below the tuberculars is 
quite concave. The anterior border of the n1asseteric fossa is below the 
second tubercular molar. 

'rhe diastema is very short, and all the teeth of the molar series are 

closely placed, presenting a strong contrast to the appearance presented by 
the C. ursinus. The crowns of the teeth are so broken as to render it im..: 
possible to state the details of their structure. The posterior tubercular is 
~uite small and is one-rooted. The sectorial is as long as the two preced­
ing molars7 and is considerably longer than the .two tuberculars together. 

11J.easurements. 
M. 

Length of the piece preserved . . . . .. . . . . . . . • . .. . . • . • . . . . . . . . . . . . . .. . . . . . . . . 0. 132 
Length ·of the molar series. . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . 0. 095 
Length of the first tubflrcular molar ........................ ~ ....... ."...... 0. 012 
Width of the same. .. . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . • . . • . . . . . . . . . . . . 0. 009 
Length of the sectorial molar.. . . . . . . . . .. .. . . • .. . . . . .. . .. • • . . . . . • . . . . . . .. . 0. 028 
Width of the same .................................•••... ~....... . . . . . . . . 0. 011 
Length of the second premolar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Depth of the ramus below the :first tubercular molar. . . . . . . . . . . . • . . . . . . . . . . 0. 035 
Greatest thickness of the same at the same point........................... 0. 017 
Depth of the ramus below the third molar . .. . . . . .. . .. .. . .. . . .. . . .. .. . . .. . .. 0. 031 
Greatest thickness of the same at the same point .................... -...... 0. 018 

The distinctness of this species may be estimated by comparing, from 
below, the mandibles of C. lupus recent, and C. lupus and C. ursinus extinct 
from the same formation. The ramus of the C. wheelerianus is seen to have 
the transverse diameter twice as great as in either of the latter. 
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Canis ursinus, Cope. 

Plato lxix, fig. 1. 

Proc. Phila. Acad., 1875, 256; Ann. Rept. Chief of Engineers, 1875, ii, p. 988.? 

rrhis curious species is the largest carnivorous animal detected in the 

Santa Fe marl, the lower jaw having about the size of that of the Black 
Bear. The outline of the mandible is peculiar in its greater depth poste­
riorly as compared with the Wolf, which is occasioned by the gradual eleva­
tion of the alveolar border and the very slight upward bend of the inferior 
border until it has passed the line of the first tubercular molar. The 
interior face of the ramus is plane, while the exterior is deeply concave 
from below the anterior margin of the sectorial tooth to the line of the 
posterior border of the second tubercular, where the ramus is broken off. 
The excavation is below the extremities of the roots of the molars, and is 

bounded below by the everted lower border of the jaw. This border is 
narrow, but thickens forward so as to be massive at the symphysis. The 
anterior mental foramen issues below the middle of the second premolar, 
and the second foramen is below the posterior root of the third premolar. 

The external face, immediately below the tubercular molars, is convex, 
instead of concave as in C. wheelerianus and C. lupus. 

The crown of the canine tooth is broken off; its root i~ oval in section, 
and is of large size absolutely and relatively as compared with· the C. lupus 
and other Dogs. 'l:'he alveolus of one and perhaps the base of that of a 
second incisor remain. 'l:'be premolar teeth are quite small, and are sepa­
rated from each other by short diastemata. The first is one-rooted; the 
fourth is in contact with the sectorial. rrhe latter is a large tooth, exceeding 
in antero-posterior diameter that of both tuberculars together. It has a wide 
posterior heel, but the anterior sectorial part of the crown is broken aw~y. 
The first tubercular is· a large tooth, with the. crown oblong in section, con­
siderably exceeding the last premolar in size. 'rhe crown is worn by use. 
'rhe alveolus of the second tubercular remains. It is single, but large and 
compressed, and a keel on its external side shows that the root is grooved. 
Its long axis is directed inward and forward, and is three-fourths as long 
as that of the fourth premolar. 
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Jfeasurements. 
M. 

Length of the molar series from the canine .................. ·. . . . . . . . . . . . . . 0. l!H. 
Length from the sa me to the sectorial molar ...........•..... ~. . . . . . .. ~ . . . . "0. 061 
Length of the sectorial molar_. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 031 
'Vidth of the same ............. --~- ........................•...... · ....... 0.015 
Length of the first tubercular molar.. . .............. ~.... .. . . . . . . . . . . . . . . . 0. 020 
Width of the crown of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 012 
Depth of the ramus at the posterior border of the same.... . . . . . . . . . . . . . . . . . 0. 055 
Depth of the ramus at the anterior bohler of the sectorial ...... _..... . . . . . . 0. 04!) 
Depth of the ramus at the first premolar . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 038 
Long diameter of the canine tooth ......................................• _. 0. 023 

The disproportion in the size of the premolar and tubercular teeth 
0 striJdngl y distinguishes ·this species from those of the type of C. lupus. 

From C. haydenii, which is probably more nearly allied, it differs widely in 
the absence of the upward direction of the alveolar bordm~, the excavation 
of the external face of the ramus, the one-roqted second tubercular molar, 

etc. It is not unlikely that when the superior n1olar dentition of C. hayden-ii 
is known, it will prove to be an .A. mph icy on. 

PUTORIUS, Cnv. 

Putorius nambianus, Cope. 

Plate lx.ix, fig. 3. 

JJ1artes nambianus, Cope, Proc. Acad. Phila., 1874, p. 147. 
Mustela nambiana, Cope, A.un. Rept. CI.Jief of Engineers, 1875, ii, p. 988. 

Represented by a left n1andibular ramus, which supported 1he 1nolars 
to and including the anterior blade of the sectorial tooth. The premolars 
number three, and the first is one-rooted. rrhe crowns of the second and 
third are sin1ple, that is, without posterior lobe; but they possess well­
defined· anterior and posterior basal lobes, but no lateral "cingula. rrhe an­
terior lobe of the sectorial is elongate and rather low; its edge is 'vorn by 
lqng use, indicating the adult age of the anin1al. Ena1nel smooth. A deli-
. cate foramen 1nentale perforates the ran1us below· the second premolar, and 
another enters below the third. The rarrnis is shallow and moderately com­
pressed. 

20 G.R 



306 PROBOSCIDEA. 

Jlfea8urements. 

Length of the base of the premolars ...... ~ ............... o ••••••••••••••• 

JJPtlgtb Of the anterior lobe Of the SeCtorial. ............................... . 
Elevation of the crown of the third premolar .......................•••..•.. 
Deptll of the raruus at the third premolar ........................... o ••••• 

\Vidth of the ramus at the third premolar .... o ......................... .. 

M. 
0.0062 
0.0027 
0.0020 
0.0027 
0.0020 

This species is provisionally referred to Putorius (Mustela, auct.) on 

account of the en1pirical character of the absence of posterior lobes of the 
third premolar, ·which is present in the type of Mustela (Martes, Cuv.). 
'l.,he reference is not final, because the specimen does not display the pos­

terior part of the crown, the inner tubercle, nor the tubercular molar. It is 

less than half the size of the Mustela parviloba, Cope (.J..Yartes mustelinus, 
Cope), of the Loup Fork beds of Eastern Colorado 

PR.OBOSCIDEA. 
MASTODON, Cuvier . 

. Jllastorlon, sect. Triloplwdon, Falconer, Quart. Journ. Gcol. Soc. London, April, 1857. 
1'etracaulodon, Godman. 

Mastodon productus, Cope. 

Plates lxx, lxxi, and lxxii. 

Proc. Acad. Phila., 1874, p. 221; Ann. Rept. Chief of EngineerR, 1875, ii, p. 992. 

This Proboscidian is represented in the collections of the Survey by 
portions of a number of individuals. The specin1en on which the first deter­
mination was based is a mandible, which lacks only the coronoid proeesses 
and angles from both sides. Its symphysis is entire, contah1ing two tusks. 
Each ramus supports two teeth, the fifth and sixth molars, which are lllOl'e 
or less injured; the sixth of the left side being nearly perfect. A second 
and young individual is represented by the nearly complete dentition of 
the n1axillary bones at the time of its death, vjz, three prernolars (the first 

'vanting from one side), and the first true ·molar of both sides, not quite 
protruded. A third anu a fourth specimen include three-crested thi~·d 

molars; a fifth is a fourth or fifth tl1r~e-crested molar, much worn, and the 
sixth anJ seventh are inferior sixth molars, one of them nearly perfect. In 
addition, there are bones of different individuals from many regions of the 
skeleton, but nothing approaching eon1pleteness. 
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· This species belongs to the genus defined by I)r. Falconer as possess­
ing three crests to the third, fourth, and fifth, or intermediate molars, which 
also includes the JJ!l. ohioticus and JJ!l. angustidens, on which the genus was 
originally established, and for which the name JJ!lastodon should therefore 
be retained. It is much 1nore nearly related to the latter than to the forn1er 

of these species. 
The mandibular ramus h; not elevated, but it is more so just behind 

the sytnphysis than at the origin of the coronoid process. At the latter 
point, its transverse exceeds its vertical diameter. This form is due to the 
external convexity at this point, which is, at the n1idc1le of the ramus, but 
little marked. The inner wall slopes very obliquely inward and upward 
at·the last molar tooth, approximating the inner alveolar borders. These 
are nowhere widely separated, and in the specin1en are continued on each 
side in front of the fifth (anterior) molar, one-fourth its length, as an acute 
ridge. The symphysis is proJuc~d as a beak with subparallel borders, and 
is deflected at an angle of 35° with the long axis of the ran1us. Its inferior 
border is continuous with that of each ramus ·without interruption. On 

the superior face, the alveolar ridges converge, inclosing a narrow gutter, 
narrower than the inferior face, and then diverge and disappear before 
reaching the end of the beak. Thus the superior stu·face, frotn being 
grooved, beconws flat or slightly concave. The inferior surface displays a 
slight longitudinal concavity, which occupies the space between the alve­
olar ridges of the inclose a tusks. The rather large dental forarnen is situated 
below the angle formed by the deflection of the alveolar ridge at the base 
of the beak. Its distance anterior to the anterior (fifth) tnolar oxC'eeds· the 
length of the latter. 

The s"ymphyseal tusks are depressed or transversely oval in sec6on; 
their adjacent sides being flattened. Their length is slightly unequal, and 
they are worn obliquely posteriorly fr01n the inner to -the outer side. The 

dentine is longitudinally, weakly, closely striate. It is usually covered by 
a thin layer of cen1enturr1. Tl~e anterior or fifth molar of the inferior series 
·is much worn by use, and in a bad state of preservation on each side of the 

Jaw. Its crests have become confluent by attrition, both lengthwise and 
crosswise, leaving entering ·bays of enamel to mark the vallevs. These 
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indicate the borders of three crests. The last or sixth molar is just pl·o­
truded, and the anterior two crests are the only ones worn. It was frac­

ttued in transportation, so that the anterior and posterior heels are incom­
plete; but a sketch, 'vhich I made from it when perfect, and before I 
removed it from the matrix, supplies this defic.iency. The crown in its 
perfect state presented four transverse crests, a strong heel, and a small 

anterior cingulum. The crests are constituted of two principal obtusely 
conic tubercles, separated by a deep fissure. Those of the external series 
are attended by others, and those of the inner side are more simple. The 
last of the inner row is entirely simple; the penultin1ate has a trace of 
division at its apex. The second has a decided fissure, separating a lower 
division next to the median line, which is more strongly developed in the 
first. At the base of the second in front is a lo'v tubercle, which con·e­
sponds to the eingulum in front of the first. rrhe external cones .present 

t~vo accessory tubercles in front and one behind; the inner one of the 
former is wedged between the principal cones, while the more anterior one 
is in contact with the posterior one of the preceding series, thus completely 
dividing the transverse valleys into two unequal parts. The posterior 
tubercle is the largest, and has a convex posterior border, which is divided 
into three or four lobes by transverse groove·s, forming a step-like outline in 
profile, all of which disappears on attrition. The principal lobes are oppo­
site to eac~ other, and the transverse series are con vex forward. 'l'he 
enamel, even in the young tooth, is nearly smooth, and the basal cingulun1 
very little marked. 

Jlleasurements of the mandible. 

·.Total length from the aprx of the tusks to the posterior border of the molar .. 
Length of the superior oblique border of the spout .......... _ ~ ....... : . ... . 
Length of tile sympbJsis without tile tusks . . . . . . . . . . • . . . . . . . . . .......... . 

Length of the exposed part of the tusks ....................•...........••. 

Diameter of the same at the base { trau~verse · · · · · · · · · · · · · · · · · · · · • · · · · · · · · 
vertical .......... o •••••• 0 •••••••••••••• 

Wiclth of the spout at the base ................ 0 ••• _ ............... _ •••••• 

Width of the same between the superior ridges ....... 0 •••••••••••••••••••• 

Length from the symphysis to the base of the fifth molar tooth ............. . 
Depth of the ramus at the fifth molar ........... 0 •••••••••••••••••••••••••• 

Depth of the ramus at tlle sixth molar .................................... . 
Piameter of the ramus at the same point ........................ : . ....... . 

M. 
0. 7;)0 
0.240 
0.260 

0.100 
0.040 
0.032 
0.110 
0.040 
0.100 
0.127 
0.118 
0.150 
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Length of ~ho fifth molar •...... 4 •.............•.••••.•.• 4... . • • • • . • . • • • • . 0. 113 
Width of the same ... _ ...........................•..........•..... _...... 0. 072 
Length of the sixth mo1ar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 0. 158 
Width of the same in front- ................................... , .. _ . . . . . . . . 0. 070 
Width of the same behind·.... . . . .. . .................... " . . . . . . .. . . . . . .. 0. 060 
:Elevation of the anterior cone of the same.... . . .. .. . .. . . . . . . .. . .. . . .. . .. . . 0. OGO 

The superior series of n1olar teeth was found in place, and I took them 

from the matrix attached to the maxillary bone. The fou!th molars, or first 
true molars, of both sides, were fou~1d inclosed within the jaw. The first 
prerr1olar is srnaller than the second; ·it was broken off, but the relation to 
the second here described is probably the true one. It presents a prominent 
anterior transverse crest, and a lovv posterior one, with ~ small external 
tubercle -representing a heel. The anterior crest is continuous, and is three­
lobed; the second consists of two well-separated low tubercles. rrhe second 
molar is also furnished with two crests, whieh are subequal in elevation. 
Each one is divided .by a median notch and fissure, of which the posterior 
is the more open. The anterior internal and posterior external tubercles are 
simple, the latter transverse from co.mpression. The antero-external and 

postero-internal are_ lobate, the fornwr with two lobes, the latter, vvhich is 
the least elevated of all, with four lobes. There is a weak basal cingulum 
on each side and behind, but none in front. 

The third premolar, which, according to Owen, belongs to the n1ilk 
series, is furnished with three transverse crests, of which the posterior is the 
least elevated. Each of these is divided by a. deep fissure, since it consist~ 
of two appressed cones. The cones of the outer side are simple and trans· 
versely oval in section; the inner ones possess each an accessory tubercle 
in front and one behind at their inner border. ':rhe accessory tubercles of 
adjacent crests are in close contact, thus blocking up the int~rvening valleys 
at their middles. rrhe inner cone of the posterior pair has no posterior 
accessory tubercle on one side, but there is a strong posterior cingulum. 
'l1he lateral cingula are only developed between the bases of the cones. 
Anterior cingulum narrow but. uninterrupted. The first true n1olr"r is half 
as long again as the last pren1olar, and, like it, has three crests. As they 
are unworn in this individual, they have the following characters. The 
principal cones of opposite sides are opposite to each other and separated 
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by an open emargination. Those of the outer side are extended transversely 

and have no accessory tubercles, but their crests are lobate; i.e., divided by 
two or throe grooves extending transversely to thern. The anterior of the 
throe is convex in front and subconcavo behind. The tubercles of the inner 

side have two accessori<.ls, one anterior and one posterior, so that a section 

is trifoliate. In addition to these, there is a median tubercle at the anterior 
base of the anterior crest, and a median tubercle on the posterior side of 

tho posterior crest. There is a low heel at the base of the latter, and a 

basal cinguhnn on eaeh side of the anterior extren1ity of the crown . 

. Measurements of the superior molars. 
M. 

Length of the three premolars in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 171 
Length of the first premolar . • . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 0. 0:18 
\Vidtb of the same..... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. o:w 
l.Jength of the second premolar . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 042 
\Villth of the same ............................................. _...... . . . • 0. 04~ 
I~en~th of the third premolar .................................. -..... . . . . 0. 078 
Width of the same. . . . . . . . ........................... _... . . . . . . . . . . . . . . 0. 055 
Elevation of the same.. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 0. 034 
l.Jength of the first true molar ......................................... ~... 0. 1~0 
\Vidth of tLe same........... . . . .. . . .. . .. .. . . . . . . . .. . . . . . .. . . . . . . .. .. . .. . 0. OG7 
Ble\·ation of the crown of the same...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 052 

'rhe external face of the 1naxillary bone is preserved in a damnged 
condition. 'rhe largo foramen infraorvitale exterius looks forward and a 
little outward, and the position of the incisive alv-eolus is protuberant later­
ally. 'rhe alveolus contains the root of a small tusk, ·n1uch decayed. The 
depth from the orbit to the alveolor border llleasures om.090, and the trans­
verse diameter of the foramen infraorbitale is om.020. 

'rhere is a deposit of cementum in the valleys of both the inferior and 
superior n1olars, ·which doeH not appear in a few specimens. 

Of two separate third molars, already 1nentioned, one is n1ore tubercu­
lar than the other. In both, there is a cingnhnn between the bases of the 
cones on one side, which is lobed in tho one, which also presents low 
tubercles above it in the valleys. In this tooth, no cen1entnm is present. 
'rhe other is without the tubercles, and cementutn is present. Both are well 
worn. The more tubercular measures om.073 in length and om.048 in width. 
A large sixth n1olar is similar to that already described from the lower jaw, 
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excepting that the cones of the n1or~ simple side of the crown are more dis­
tinctly· divided into a? inner and an outer, and that the posterior one is 

wanting from the penultimate cone of the opposite side. There are also 
other Sn1aller tubercles on the sides of the valleys. Length, om.140; width, 
om.082. 

Fragments of various sizes of the tusks of this ·animal are comtnon in 

the Santa Fe marl, but, owing to their great fragility, they are difficult to 

preserve. A number of attempts to obtain then1 'vere made, but the pieces 
were either broken up in excavating or transporting them. The 1nost solid 
fragment includes about a foot of the extremity. Its section is round, with 
two flattened sides. One of these is n1arked with longitudinal shallow strii­
form grooves and is the side which is worn obliquely by attrition at the 
extremity. The groove-like lines were probably covered by a layer of 
enamel. I observed such a layer, which formed a narrow band on the side 
of an extremity of a tusk, which I did not procure. The diameter of a frag­
rnent at seven inches from the apex is three inches. 

The greater part of a small tu:5k is preserved, which probably belongs 

to the lower ja,v. It is larger than the one found in place and above 
described, and is of a different form. One side is flat and the other presents 

two oblique faces, one wider and one narrower; the section being thus 

depressed-triangular, with rounded angles. The entire surface is coarsely 

striate-grooved, excepting 'vhere concealed by a nearly smooth coat of 
cement. Long diameter, om.060. 

But few vertebrre were procured. The most characteristic of these is 
the dorsal centrum of an immature anirnal, lacking epiphyses. It is from 
the anterior part of the series, and is strongly opisthocoolian. The inferior 
surface is obtusely angulated at the front middle line. The capitular fossre 
are strongly pronounced, and the posterior basal border of the intervertebral 
foratnen is revolute. 

.JJlvm;urements of a dorsal ·vertebra. 
1\f. 

:Length of the centrum .............................. ~ ..•..•.. ~..... 0. 047 

Diameter of the centrum j tran~verse · · · ~ · · · · · · · · · · · · · · · · · · · ·" · · · · · · • · · · · 0. 1!)2 
. l vertical . . . . ...................• _ .... _.. . . . . . . 0. 113 

\Vidth of the neural canal at. the base ...... ~ •......•••.•• ~,............ ..• • . 0. 054 
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The irnperfect neural arch of a cervical vertebra 'vas found in connec­

tion with the mandibular ramus, which served as ~he typical specimen. 

']Jwre is no zygapophysis, and the arc~1 is narrowed up·ward. 'l:'he spine is. 

convex before, concave behind. 'J:'he width of the base of the spine · il:) 
om.OG7; the elevation of the arch om.082. 

The only long bone of the fore limb in the collection is an ulna, with 
the epiphyses wanting. The shaft is subtriangular in section, and wider 
than deep along its middle portion. At the distal end, the lateral angle~:) 
rise, especially one. from the inner side, so that the depth is much greater. 
IIere the inner face is nearly flat, while the external border presents an 
angular protuberance. There is no coronoid process, but the superior 
borders of the two sigmoid portions of the humeral cotylus are very pro­
tuberant, that of the internal the most so. rrhe olecranon is very short, not 
extending behind the olecranar portion uf .the humeral cotylus. Its inner 
border is produced, inclosing a deep groove with the inner border of the 
cotylus. 

llfeasnrements of tlte 'lllna. 
l\1. 

Lengt!J without the epiphyses ... _ ................. _ .. ~.... . . . . . . . . .. . . .. . . 0. 470 
Length of tbe cot.ylus in the median line ........••.. -. . • . . . . . . . . . . . . . . . . . . . 0. 0!)6 
Greatest width of the cots Ins ....... ~. . . . . .. . . . . . . . . . . . . • . . . . . . . . . . . . .. . 0. 18~ 
Depth at the funuus of the cotylus ....................... _.... . . . .. . . . . . . . 0. 114 
vVid th at the mid(lle of the shaft.... • . . . .. . . . . .. . . . . • . . . . . . . . . . . . . . . . . . . . 0. 08~ 
Depth at the middle of the shaft.... . • . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . 0. 070 
Width at the d1stal extremity ...... ~ ................ , •.. , . . . .. .. . . . . . .. . . . . 0. 12!) 

Depth at tlw distal extremity . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 108 

Two carpal bones were obtained, the cuneiforn1 and tnagnum, of which 
the former strongly resen1bles that of the Elephant of the Florence Museum 
figured by Ouvier.* Its ulnar face is rounded-triangulaT, and is divided 
into two facets,· a right and a left, which are snbeqnal in transverse extent 

aud ~lig·htly concave. rrlw inferior face lutl:) lei:)~ transverse extent than the 
superior, and is undivided. The exterior tuhero~ity is large and decurved. 
The posterior or pisiform facet occupies a nearly median position on the 
superior half of the posterior face, descending along the external tuberosity. 
rrhe magnum has a subquadrate transverse vertical section. Viewed from 
above, its superior face is rhomboid, with ·nearly parallel slightly-curved 

* Otit!cwcus Fossiles, pl. xd, fig. 10. 
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sides. The inferior face exhibits two facets, the one wide, the other narrow 
· and subvertical. Each of the lateral faces is bounded below by a facet. 

The posterior tuberosity is not very prominent. 

llieasurements of the carpals. 

~ 
transverse . . . . . • . . . . . . . . . . . . . . . ••............. 

Diameter of the cuneiform ante_ro-posterior 0 ••••••• 0. 0 ••• o ................. . 

vertical ...................................... . 
Transver.se length of the superior face ................................... . 

~ 
transverse ..................... ; ............. . 

Diameter of the magnum ante_ro-posterior • 0.... . . . . . . . . . . . . . . . . ........ . 
vertical . . . .................. ' ..•..... r •••••••• 

Antero-posterior length of the superior face ............................... . 
Width of the principal inferior facet .................................... .. 

M. 
O.UU8 
0.074 
0.037 
0.075 
0.057 
0.105 
0.080 
0.08! 
0.052 

A nearly perfect left femur was obtained from near San Ildefonso. It 
is of the elongate type, and the shaft is flattened so as to be transverse in 
its proximal portion. At the middle of the shaft, its external border is 
almost acute. Distally, its section become's more and more triangular, rising 
to the ridges of the patellar groove. The distal end of the fernur is rather 
compressed; the intercondylar fosHa being, as in other Elephants, narrow, 

·. 'vhile the patellar groove and ridges are more than usually prominent, the 
inner ridge being mqst elevated and prolonged on the shaft. 

lJfeasurements of tlte fernur. 

Total 1engtlt ......•... , .................................•............... 

Diameter at the base of the trochanter { transverse.··· · · · · · · · · · · · · · • · · · · · · 
fore-aiHl-aft . . . . . . . . . . _ .......... . 

Diameter at the miullle { trans,·erse · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · .· · • • · · · · 
. fore-and-aft ... O· •••••••••••••••••••••••••••••••••• 

Diameter of the distal end { ~ransvP.r~e · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · 
fore-and-aft ................................ D ••• 

Diameter of the head . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................•..... 
Diameter of the head of a second femur ..................•.....•....•..... 

M. 
0.950 
0. 187 
0.100 
0.130 
0.085 
O.J80 
0.2~5 

0.160 
0.160 

The heads of the two femora nwasured are uot yet coosl:;ified with 
the shafts. 

The characters recorded in the preceding description indicate a species 
of Mastodon which differs from those described by previous authors as 
inhabiting North America, which I have named M. productus. It is un­
necessary to co~ pare it with the speci~s of- Tetraloplwdon (Falc.), to ·which, 
according to Leidy, the. 1J1astodon m{r-ijicus of the Loup Fork beds of 
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Nebraska belongs; but the majority of American ~fastodons are congeneric 

with the present species. Seven species of this genus are recorded by 

Falconer, and there may be added, as discovered in North America since he 

'vrote, the species JJf. obscurus and lJII. sllepardii of Leidy and M. proavus of 

Cope. There is also the JJI. chapmanii of Hays,* which has not been recently 
ob~erved. The M. productus, belonging to that section of the genus in 

which the transverse valleys are interrupted by tubercles or cones, com­
parison with the Mastodontes borsonii, tapiroides, ohiot,icus, proavus, and 
shepardii is unnecessary. Among the species where the lateral cones are 
acco1npanied by others which interrupt the valleys, M. humboldtii and JJf. 
a ndium possess a short contracted sy1nphysis without tusks. M. angusti­
dens pos.3eHses the produced symphysis with tusks, and is also a species which 
stood o:1 long limbs, like the JJL productus and the living Elephants. The 
lJf. productus differs frou1 -it in well-marked characters, according to the 
descriptions of the latter which have been given by Dr. Falconer. This · 

author states that the n1anuibular 1·amus of .IJI. angustidens is n1uch elevated 
in front, and n1ost above the 111ental foramen. In M. productus, the eleva­
tion at the n1ental foran1en is barely equal to the depth at the base of the 
eoronoid process, while the elevation is greatest between these points at 
the anterior base of the penultilnate rnolar, and it is not so great as in the 
European species. The syrnphyseal prolongation is not so long in lJf. pro­
ductus, equaling to the 1nental foramen (without the tusks) two-thirds the 
length of the rmnaining portion to the base· of the coronoid process. Dr. 
Faleoner says of the .1ll. angustidens, "The elongation of the syn1physeal 
Leak i::; enormous, far exceeding· that of Tetraloplwdon longirostris or even of 
Dinotlwriwn j the length fron1 the n1entary foramen forward being more 
than douule that of the horizontal ran1us mea~nred from the san1e point 
backward to the base of the anterior margin of the coronoid process." 
According to the san1e writer, the symphyseal tn~ks of JJI. angustidens fre­
quently have a channel on the superior and inner sides. In .IJI. lJrocluctus, 
the tusk is without channels. 

Besides the generie character in the tooth-formula, this species differs 
frorn Tetralophodon lon,qirostris in the form of the base of the symphysis. 

* Traus . .L\.rner. Pllilos. Soc., 1833, pl. xxii, figs. 3-4. 
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rrhe inferior surface is a decurved continuation of the base of the ramus, 

as in M. angustidens, while in T. longirostris of I(aup the border of the 

ramus rises upward to the base of the symphysis. 

·rr,vo specific nan1es lu1:ve been proposed for 1\fastodons whose ren1ains 

are supposed to have been found in the United States. In each case, the 

nan1e rests on an incon1plete posterior n1olar tooth. One of these is the lJ!l. 

chapmanii, I-Iays, of uncertain locality. 'The arrangement of the cones of 

the crown differs nutterially fro1n that seen in ll!l. productus, for they are 

closely packed, almost closing the intervening valleys, as in the species of 
Tetraloplwdon. 'l.,he cone.s of opposite sides are very unequal, and sonle­

what alternate, and the enatnel borders ate n1uch lobate, all characters not 

found in M. productus. As regards the other species, liL obsc-w·-us, Leidy, 

Professor Leidy ren1arks that it may be the same as the M. clwpmanii, but 

the existing evidence is not conclusive in favor of this view. It reposes on 

the cast of a tooth said to have been taken fron1 the l\Iiocene n1arl of 

. Caroline County, l\1aryland.* It probably supported four transverse crests; 
but this is not certain, as the anterior extren1ity is broh:en away. In its 

constitution, it bears some resemblance to the last inferior 1nolar of lJ!l. 
productus, but presents well-marked differences. It is narro·wer, the greatest 
width entering the length 2.5 tin1es, while in all the corresponding teeth of 

the latter species the width is one-half the length. The second transverse 

crest in the type of lJ!l. obsc-~_trus, though but little worn, does not display 

the separation into opposite cones, which, in M. productus, is 1naintained 

nearly to their base; the worn section presenting, therefore, two areas, the 
one trifoliate, the other-elliptic. In M. obscurus, the cones of opposite sides 

cliHpla.y a stronger tendency to alternation, ando are generally less tubercular, 
differences by thetnselves perhaps unimportant. I, howeYer, suspect this 
tooth to represent a species different from the M. prtJductus characterized 

among other points by its narrower teeth. The discovery of the 1nandible 
and other bones will be necesso,ry before it can be regarded as well estab­
lished. 

Another tooth figured t by Dr. Leidy resen1bles the 1nolar of lJL pro-

* Ext,inct Mammalia· of Dakota and Nebraska, p. !N5, pl. xxvii, fig. 13 .. 
tLoc. cit., XXYii, fig. 15. 
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ductus very closely, and may belong to it; the figure is that of a cast sup­

posed to be derived from a North American specin1en. A fragrnent of 
another tooth fro1n ':rarborough, N. C., believed to be, like the l\Iaryland speci­
men, from the Miocene n1arl, may belong to the lJf. obscurus or similar species. 
rrhe formation alluded to has been usually correiated with the White River 

.l\liocene of the vV est, which preceded by a long period of time the Loup 

.Fork epoch, from which theM. productus was derived. I must also add 
that there do not appear to be any striking characters by which the pos­
terior molar teeth of the Ma8todon andium can be distinguished from those 
of the M. productus. 

The first notice ·which is unquestionably of this species is that pub­
li::;hed by Dr. Leidy in the Proceedings of the Philadelphia Academy, 1872, 
p. 142. Dr. Leidy there mentioned the characters of the lower jaw, as 
seen in a specimen obtained by the Hon. W. F. Arny, governor of New 
)fexico, and sent by hin1 to the Smithsonian Institution, vVashington. The 
Harne specimen is fully described and figured in volume I of the quarto 
Heport of the United States Geological Survey of the Territories, by Dr. 
Leidy. 

APITELOPS, Cope. 

Pi:lleontological Bulletin, No. 14, p. 1, .July7 1873; Ann. R.ept. Cuief of Engineers, 
1875, ii, p. mn. 

Henutins of Rhinoceros are not rare in the deposits of the ancient lake 
of the Rio Grande Valley, and among the most con1plete fossils obtained 
iH the greater part of the cranium of a species allie'd to the Aphelops 'mega­
lodus of the corresponding oods of Colorado. r:rhe spechnen includes the 
(lentition of both jaws, which exhibits the following formula: I. ~; C. 0; 

1\n. ~; l\L ~· The absence of the first p.remolar distinguishes the fonn fron1 

the l\1iocene ... -!ceratheriunt as well as frorn the existing ger1us Rhinocerus; 
,.Yhile the presence of inferior incisors separates it at once frorn the living 
Atelodus. I have named this genus ..A.phelops; like ..A.ceratherium, it is horn­
less. To it are ~·eferred, besides the species mentioned, the Rltinocerus crassus, 
Leidy, and the A. jemezmnts, first described below .. These are, however, 
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only referred to it provisionally, as the number of the pren1olar teeth is not 
yet known in either. .The known species have only been found in the beds 
of the Loup Fork epoch. 

The four known species may be diRtinguished as follows: 

*Ramus maudibuli shallow and ~tout; last molar close to base of coronoid pro-
cess ........................................................ A. crass~t.s. 

**Ham us mandibuli compressed; deeper: 
t Base of coronoid process flat in front, with lateral angles: 

Last molar at base of coronoid process; symphysis and external incisors 
small . . . . . . . . . . . . . . . . . . . . . . . • . ............... · .......... A. merid·ianu.Y. 

Last molar well in front of base of coronoid process; symphysis and external 
incisors large .................................. - ........ . A. megalodus. 

tt Base of coronoid process convex in front without lateral angles: 
Last molar largest, not close to base of coronoid .. -...•........ A. jemezanus. 

Aphelops meridianus, Leidy. 

Plates lxxiii, figs. 1-2; lxxiv, figs. 1-3. 

Rhinocerus meridianus, Leidy, Extinct Mammalia of Dakota and Nebraska, p. 229. 
Aplzelops meridianus, Cope, ..Ann. Rept. Chief of Engineers, 1875, ii, p. 991. 

The A. 'meridianus was first described from a superior molar tooth from 
Texas. The corresponding molar in the New J\1exican species does not 
differ from it. The general characteristics of this almost unknown species 
may then be learned from our specimens. In general features, it much 
resembles the A. megalodus, but there are numerous differences. There is 
a considerable protuberance of the anterior border of t4e posterior trans­
verse crest, nearer the outer border of the crown than the protuberance of 
the pos~erior border' of the anterior transverse crest. These give the trans­
verse valley a sigmoid forn1, which is not seen in A.. megalodus. There is no 
posterior protuberance of the anterior transverse crest of the lq,st superior 
molar. There is a strong anterior basal cingulum on the true molars, UJ?.d 
a very strong elevated cingulum connecting the inner ends of the transverse 
crests, but not passing round the interior extremities of the crests. It is rep­
resented in the last two molars by a small tubercle. There are no external 
cingula. The external faces of the superior n1olars present a convexity for­
·ward, which is very prominent in the true molars, each overlapping the pre­
ceding tooth.. Immediatel}7 behind and paral~el with this ridge is a groove, 
which is followed by a low ridge bounding .the general external surface in 



;{18 PEHISSOD.ACTYLA. 

front. The latter is slightly concave in the antero-posterior direction, ex­

cepting in the first and second premolars and third true n1olar. On con­

tinued attrition, the transverse valley of the crowns becomes isolated by 

the confluence of the posterior projection of the anterior cross-crest ·with 

the posterior cross-crest. The posterior emargination scarcely beconws iso­

lated, and then is only inclosed by an ewunel band. This is only possible 

on the third and fourth premolars and the first true nwlar. rrhe sides of 
the transverse valley have no vertir.al ribs near the fnn(lus or elsewl1ere, so 

that it does not become lobate, or divided into lakes, on attrition, as is the 

ease with Ilhinocerus indicus an~l several species of Ateloclus. They have the 
simpler structure seen in the Aceratlwrium occidentale. 

The mandibular ramus is compressed and not deep. Its inferior out­
line is gently curved, and without irregularity at either extren1ity. The 
nwsseteric region is flat, while the internal pterygoid insertion is a concavity 

of tho inner face behind and below the coronoid process. The inferior pre­

Inolar teeth increase regularly in size to the true n1olars, which are nearly 

equal. In all, but especially on the last two molars, the anterior limb of 

the anterior crescent is well developed, extending to the inner side. Tho 

external posterior projection of this crescent is rounded. The symphysis 
is short, commencing below the second premolar. In1mediately in front of 
thiR point, it is contracted, and the superior surface forms a trough between 

the acute superior lateral borders. rrhe symphysis is scarcely expanded at 
the extremity, where it supports two larger external and two smaller inter­

nal incisors. 
The mandible differs fro1n that of A. megalodus in the contracted form 

of the Ryrnphysis, and the small size of the outer tusk-like incisors, which 
are scarcely half as large as those of the former; but it is possible that this 
eha.racter is sexual As con1parecl with five mandibles of A. rne.r;aloclus, the 
last molar originates closer to the base of coronoid process. In the latter, 
there is a considerable interval in front of the ascending process. The form 
of the clentary bone is that of A. megalodus, and not thick and massive, as in 
A. crassus. 

The posterior part of the temporal bone is preserved. It supports a 
rather long and narrow postglenoid process. ,J nst behind the superior base 



PBUISSODACTYJ_jA, 319 

of the zygomatic process is the 1neatus attditor~ts externus. It is presented 
upward and outward, and is not closed belo·w superficially, but is continued 

into the fissure between the postglenoid and n1astoid processes. The latter 
is rather narrow antero-posteriorly, and extend::; as far inferiorly as the 

glenoid articular surface. 
Jlf easurements. 

Length of the series of seven superior molars ....•..........••....•...•..... 
Length of the three true molars .............•..•............•...•........... 
I .. ength of the last true molar ..........•.........•......................... 
Width of the same ............•......•...............................•... 

M. 
0.237 
0.123 
0.037 
0.046 

Length of the first true molar... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 051 
Width of the same... . . . . . . . . . . . . . . . . . . . • .• • . . . . . . . . . • • . . . . . . • . . . . . . . • . . 0. 057 
J .. ength of the second premolar...... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 0. 029 
Width of the same. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. . . • . . . . . . . . . 0. 033 
Total length of the ramus mandibnli ... ~. . .. .. . . . . .. . . . . . . .. . . . . . . .. . .. .. .. 0. 455 
Length of the symphysis ........... ·•. . .. .. . . . .. .. . . .. . . . . . . .. . .. .. . . . . .. 0.114 
Width of the s_ymphysis . . . . . . . .. .. . . . . . .. .. . . . . . .. . . .. .. . . . . . . . . . .. . .. .. . 0. 058 
Diameter of the external incisor • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0. 015 
Diameter of the internal incisor. . . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . . . . . . . 0. 005 
Depth of the ramus at the second premolar .. . .. .. . . .. . . . .. . .. . . . . . . . . . • . .. 0. 062 
Depth of the ramus at the third molar ............ ~. . . . . . . . . . . . . . . . . . . . . . . . . 0. 086 
Width of the inferior border of the ramus at tho middle . . . . . . . . . . . . . . . . . . . . 0. 0:15 
Length of the series of inferior molars ................... ~.. .. . . . . . . . . . . . . . . . 0. 220 
Length of the series of three true molars .. • . .. . . . . . . . • . . • . • .. . . . . . . . . . .. . . 0.125 
Length of the third premolar ........................... ·... .. . . . . .. . . . . . . 0. 037 
vYidth of the grin<ling-face of the same........................ .. .. .. .. • • .. 0. 026 
Length of the penultimate molar.......................................... 0. 042 
Width of the grinding· face of the same ........................... r......... 0. 025 
Lrngtb of piJstglenoid process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 050 
Width extero-interually . . . . . . .. .. .. . . .. .. . . . . . .. . .. . .. . . . . . . . . . .. . . . . . 0. 030 
Wiuth of the mastoid process postero.externally ..... _.... . . . . . . . . . . . . . . . . . 0. 029 

These measurements indicate a size similar to that of the Rhinocerus 

swnatranus. 
Aphelops jemezanus, Cope. 

Plates lxxiii, figs. 3-4; Ixxiv, fig. 4. 

Ann. Rept. Chief of Engineers, 1875, ii, p. 9!)2; Proc. Philn. Acad., 1875, p. 2()0. 

That a second species of Rhinoceros, even larger than the other species 
of Aphelops, formerly existed in the region of N e'v Mexico, is demonstrated 
by a right mandibular ramus, obtained, by Dr. H. C. Yarrow, from near 
the town of Santa Clara, on the west side of the Rio Grande. rrhe speci­
men, in its present condition, includes the condyle, angle and ram1.1s as far 
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as the last premolar, and supports three true molars. The latter are worn, 
indicating the full age of the anintal. They still retain the enamel surface 

of the sinus between the posterior and median transverse crests, and the 

lower end of the sharp inner margin of the anterior transverse crest. 
While the ramus exhibits the cotnpressed form seen in A. rnegalodu8 and 

A. meridianu8, it differs from these and the .A. cra88U8 in many striking 

respects. Thus the inferior margin near the angle does not exhibit the protu­
berance and following contraction of the inner side seen in the first two spe­

mes. In another feature, it differs from all the other species, i. e., in the form 

of the ascending ramus. - ~,his rises very gradually from the basis of the last 

molar, leaving a subhorizontal edentulous space behind the latter as long as 

the second true molar; its anterior face, instead of being flat and bounded 

by strong lateral angular ridges, as is the case in A. cra88~t8 and the two 
other specieF~, is rather narrowly convex. Instead of the usual ridge of 

the outer side, the anterior border of the area of insertion of the masseter 
muscle is marked by a pronlinent curved protuberant nutrgin, which is 

wanting in the three other species, the surface in therr1 being plane. Behind 

the condyle is seen tho tuberosity characteristic of the Rhinoceridce. The 

internal pterygoid fossa is well nwxked. Rugosities for insertion of the 

lower border of the nwsscter 1nuscle are strong. Tho relations of the den­
tition of this species are also peculiar. The last 1nolar is nearly half as large 
again as that of specimens of A. megalodu8 and A. meridian~t8 of similar 
dimensions of ramus, and the teeth diminish in length anteriorly more r~pidly 
than in width. Thus, 'vhile the first true molar js as long as in the two 
species named, the width is between one-half and one-third greater. There 
are no external nor internal basal cingula. 

llleasurements. 
M. 

Leugth of the ramus from the fourth premolar (bebiud) to middle of masseteric 
fossa ............. ~ ....... ~ . _ . . . . . . . . . . . . . . . . . . . . . . . ........ _ . . . • .. _ . 0. 210 

I.Jength of the series of true molars . ~ •........•........ v ••••• , • • • • • • • • • • • • • 0. 148 
l.Jength of the first true molar ..................... ~.......... . . . . . . • . . . . . . . 0. 044 
vViuth of the first true molar... . . . . . . . . . • . . . . . . . . . . . . . . . .. . . • . . . . . . . . . . . • 0. 033 
J .. ength of the third true molar .. , ............................. ·-·.... . . . . . . 0. 058 
Width of the third true molar. . • . • .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 0. 035 
Diameter of the ramus at the first molar ....................•... -........... 0.080 
Depth of the ramus at tbe third molar ............................. , • . . . . . . 0. O!l2 
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HIPPOTHERIUM, Kaup. 
Hipparion, Christ. 

Hippotherium calamarium, Cope. 

Plate lxxv, figs. 1-2. 

Ann. Rept. Chief of Eng!neers, 18·75, ii, p. 990. 

This three-toed Horse is indicat.ed · by the oral and palatine parts of 
the skull with the superior dental series of both sides, together with one 

mandibular ramus, with all its teeth, of an individual from near San Ilde­

fonso, and also probably by molar teeth of two individuals from the Loup 

Fork beds of Oolorado. r:rhe species is allied to the H. paniense, Cope, and 
differs from the H. occidentale, H. speciosurn, and H. gratun~ of Leidy, in the 
relative form and size of the internal anterior dentinal column. As in the 

species first named, this column is subcylindric, and equal to, or smaller 
than, the posterior internal columnar fold. In the thre~ species last named, 
the anterior column is flattened or oval in section, and often larger than 

the posterior columnar fold, and submedian in position. 
In the typical or New Mexican specimen, the anterior cohunn is large, 

and its center is anterior to the Iniddle transverse line of the crown. In the 

present state of attrition, which has left two-thirds of the crowns of the 
n1edian molars, this column presents an angular projection toward the inner 
anterior crescent, betraying an approach to the union seen in Protohippus, 

which is in the fifth molar of the right side of the present Horse actually 
accomplished through the rnedium of a narrow isthn1us. The dentinal band 
connecting the inner crescents throws out two, rarely one, folds toward thi~ 

column. rrhe borders of the' lakes are much plicate; the posterior border 
of the anterior lake having from four to six inflections. The posterior 
border of the posterior lake exhibits one deep inflection, which is generally 
bifurcate. 

The first premolar i~ quite small, and is two-rooted. The second is a 
wide tooth, different in form from the elongate corresponding tooth of the 
H. occidentale, its anterior lobe being but little pron1inent. The palate is 
wide and well arched. The nu1.ndibular teeth are elongate, but not narro·w; 
and the anterior lobes are well developed, especially the median ones. No 
basal cingula on teeth of either jaw. The_ last molar is smaller than the 
three preceding it, and the anterior lobe of the fiTst is quite narrow. 

21 G R 
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'l~he 1nolars of one of the specimens from Colorado are close} y similar 
in all respects, except that the anterior lobe of the second premolar is a 

little more produ9ed. I also refer here the tooth described as " l\1. 2 " 
under H. paniense, in Report of the United States Geological Survey of the 

Territories, 1873, pp. 5~2-523. As compared with the molars of that species, 

those of H. calamarium differ in the much greater complexity of the enamel 

folds; those of H. paniense being the simplest in the genus, even more so 

than in H. affine. rrhe anterior inner column of H. paniense lacks the char­
acteristic inner angle seen in the present Horse. 

JJ[eas'ltrernents. 
M. 

Length of the seven superior molars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 0. 134 
Length of the three true molars.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 062 
Length of the second premolar ............ 0 ••••••••••••••••••••••• •• • • • • • • • 0. 026 
Width of the crown of the second premolar.. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 0. 020 
Greatest length of the second premolar. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 022 
Greatest width of the second premolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 024 
Greatest length of the penultimate molars . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 0. 022 
Greatest width of the penultimate molars. . . .. . . . . . .. . .. . .. . . .. . . . . . . . .. .. 0. 022 
Width of the palate (chord) between the middles of the third premolars...... 0. 042 
Length of the crown of the antepenultimate lower molar.......... . . . . . . . . . 0. 021 
Width of the crown of the antepenultimate lower molar ................... ~ 0. 012 

The typical specimen belongs to an adult animal, and was taken from 
the matrix by myself without admixture of others. 

Hippotherium speciosum, Leidy. 

Plate lxxv, fig. 3. 

Extinct Mammalia of Dakota and Nebraska, p. 282. 

A series of superior molars nearly identical in character with those orig~ 
inally described as typical of this species, by Dr. Leidy, and figured on 
plate xviii, figs. 16, 18, 19, of the work above quoted, and agreeing with 
specimens from Colorado, was obtained near Pojuaque. Some of the speci­

mens described by Dr. Leidy as of doubtful reference under the head of this 
species obviously do not belong to it. 

PROTOBIPPUS, Leidy. 

Leidy, Extinct Mamm. Fauna Dakota and Nebraska, 1869, p. 275.-Cope, Ann. Report 
U. S. Geol. Surv. Terrs., 1873, pp. 519-527. 

This genus, originally described by Leidy from dental characters, I 



PERISSODACTYLA. 323 

have shown to be lTIOre nearly allied to Hippotherium than to Equu~. In 
1873, I published the first account of the structure of many parts of the 
skeleton, including the limbs, showing that the genus is three-toed. Some 
time previously,* Professor Leidy had asserted that the genus Hippidi~tm of 
OV\ren is identical with ]Jrotohippus of earlier name, and he refers the South 
American species, on which Professor Owen based his genus, to Protohippus. 
In 1875, Professor Burmeister published a full description t of the osteology of 
the Hippidium neogceum, Lund, from the post-Tertiary deposits of Buenos 

Ayres, showing that that ~nimal possesses but a single digit on all the feet 

It is, therefore, quite distinct from Protohippus, and constitutes an important 
link in the series of Equine genera,-i. e., the one between Equus and 
Protohippus. Certain fossil Horses from the Loup Fork beds of the Niobrara 
River present, according to Marsh, the same characters; but he names 
them Pliohippus,t being apparently unaware of the prior applicability of 
Owen's name. Slight differences between the North and South American 
species in the concavity o_f the face and form of the nasal bones are prob­

ably specific only. 
Antecedent to Protohippus in its dental characters comes the genus 

Hippotherium, which has been for some years recognized by authors as con­
necting Equus with the Miocene Anchitherium. Palceotherium, Cuv., had 
been indicated by Huxley as the probable Eocene ancestor of Anchitherium, 
but I have shown that it was much more probably Hyracotherium. This 
view has been confirmed by Marsh,. ·who treats of this genus as I have iden­
tified it in America, under the synonym Orohippus (see supra, page 260). 

Protohippus, spec. indet. 

Plate lxxv, fig. 7. 

A single much worn molar, of the size of that of P. se}unctus, apparently 
represents thi~ genus. 

The ·specimens obtained indicate another species of Horse, but they are 
not sufficiently characteristic for determination. 

* Proc. Acad. Phila., 1870-1. 
t Los Caballos Fossiles de Ia Pampa Argentina, 1875, pp. 37-43. 
tAmer. Journ. Sci. Arts, 1874, p. 252. · 
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MERYCHYUS, Leidy. 

Proc. Acad. Phila., 1858, p. 24; Rxtinct Mammalia Dakota and Nebraska, 1869, p.115. 

Merychyus medius, Leidy. 

Leidy, Proc. Phila. Acad., 1858, p. 25; Extinct Mammalia Dakota and Nebraska, p. 
119.-Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 990. 

The greater part of the premaxillary and maxillary bones of the right 
side of a single individual represent this species.. The third, fourth, sixth, 
and seventh molars are well preserved, while the other teeth are fragmentary 
or wanting. 

One of the characters of this and other species of Merychyus is the 
production forward of the anterior part of the jaws, beyond the postero­
lateral border of the nares; the premaxillary being prolonged in front of 
this border further than the latter is in advance of the infraorbital foran1en. 
The premaxillary is small, indicating a narrow upper lip, and contains three 
alveoli. It is coosified with the 1naxillary. The side of the maxillary above 
and in front of the infraorbital foran1en is openly concave, in a manner not 
seen in Oreodon culbertsonii. rrhere is a pronounced lachry1nal fossa imme­
diately in front of the orbit. The anterior border of the latter is above the 
middle of the posterior lobe of the penultimate molar. The infraorbital 
foramen issues above the 1niddle of the last premolar. As in JJ!l. major 
and M. elegans, the third premolar has two internal lobes ·while the 
fourth has but bne. The crowns are all well worn, indicating the maturity 
of the animal. Their inner lobes are convex and the external ones 
slightly concave, the lobes separated by a ·well-rr1arked rib. There 
are no cingula, except a trace on the base of the external lo bcs of the true 
molars, and the enamel is wanting on the adjacent sides of the crowns. It 
is also waJ?.ting on the inner boundary of the central lak~s of the truo 
molars. The measurements agree very nearly ·with those given by Dr. 
Leidy. 

JJfeasurernents. 
M. 

Length of the superior dental series ........................... ·..... . . . . . . 0. 1215 
Length of the superior molar series .· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 1020 
Length of the true molar series . . . . . . . . . . . ..................... _ . . . . . . o. 059 
Length of the second trne molar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 023 
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Width of the same...... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 022 
Length of the third true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 029 
Width of the same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 022 
\Vidth of the palate at the third premolar . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . 0. 034 

It may be noted from the abo:ve n1easurements that the first true molar 

is a good deal smaller than the second. 

PROOAMELUS, .Leidy. 

Proc. Phila. Acad., 1858, p. 89; Extinct Mammalia Dakota and Neuraslut, 1869, p. 147. 

':rhe dental formula of this genus is I. §; C. ~; Pn1. ~; M. ~- rrhe 

number of teeth of the superior· series anterior to the true molars was left 

uncertain by Dr. Leidy, and I 'vas able to complete our knowledge of it 
after a~ exa1nination of Colorado speci~ns. I ascribed three superior 

incisors to this genus at that · time, as they are possessed by the species 
whieh I named Procarnelus heterodontus. I-Iaving obtained in New Mexico 
the nearly entire cranium of the P. occidentalis, I find that the single lateral 
incisor found in the existing Carnelidce is the only one that can be properly 
assigned to this genus. In this specimen, it is true, a small alveolus on one 

side contains a srnall crown of a second incisor, but, on the opposite side, the 
corresponding one is shallow and empty. As the last molar is not fully pro­
truded, it would appear that this incisor is a ten1porary tooth, being removed 
before the maturity of the animal. It thus differs from the existing Camels 
only in the longe~ per~istence of these transitory incisors.. The position of 
the first incisor, in the specimen in question, is 1narked by a roughness of 
the surface, which indicates the still earlier removal of a tooth, and filling 
up of the alveolus. In the P. heterodont,us, of which the superior dentition 
of an adult is in my posses.sion, the alveoli of the three superior incisors are 

large and deep, showing that the dental formula is I. ~; C. ~; Pm. ~; M. 

}. The alveoli are en1pty in the specimen, but this is doubtless due to their 

regular funnel~shape, which gives little hold for the conic, though elongate 
fangs. This animal, then, represents a genus distinct from Procamelus, de­
fined by the dental formula just given, for which I have proposed the name 
of Protolabis.* The typical and only known species is Protolabis heterodon­
tus, Cope, fro1n the Loup Fork beds of Northeast Colorado. 

* Proc. Acad. Pllila. 1876, p. 145. 
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In Procamelus occidentalis, an extensive fossa is situated above the 
posterior pre~olar series of teeth, and greatly contracts the middle of the 

facial part of the skull. These fossre are represented by rudiments in the 
Auchenia lama. In addition, the cavities known as "larmiers" in the 
Cervidce are well developed in this genus, being many times as large as 
in the Llama, and quite equal to those possessed by son1e Deer. There 

are no lachrymal fossre. The supraorbital foramen communicates with the 
superciliary border by an open fissure; the lachrymal bone is large. The 
cranium resembles that of the Llama in its moderate sagittal crest, elongate 
paramastoid process, and otic bulla, and the downward production of the· 
pterygoid bones. The incisive foramina are narro·w and distinct. 

The ulna and radius are thoroughly coossified. 'rhe carpus displays 
the characters of the Camelidce in the absence of trapezium and distinct­
ness of trapezoides, and the subequality of the magnum and unciform facets 
of the lunar. There are but two metacarpals, which, in the specimen de­
scribed, are only coos_sified in their proximal half. As the epiphyses of 
the vertebrre are not yet united, the present animal is not fully adult. In 
an older specimen, the cannon-bone is doubtless completed. In the tarsus, 
the cuboid and navicular bones are distinct, as in the existing Camel. · 

I obtained a complete cast of the cranial chamber of the Procamelus 
occidentalis, which bears a fair proportion to the general dimensions of the 
skull. As compared with a Llama of about the same size, the facial portion 
of the skull is longer, while the postorbital portion is as long, but narrower. 
This is indicated by the following me~surements: 

Procamelus 
occidentalis. 

M. 

Length of the sknll anterior to the orbit . . . . . . . . . . . . . . . . . . . . . . . . 0. 180 
Length of the skull posterior to the orbit . . . . . . . . . . . . . . . . . . . . . . . 0. 110 
Width of the skull a.t the anterior border of the orbit . . . . . . . • . . . . 0. 080 
Width of the skull at the middle of the zygomatic fossa . . . . . . . . . . 0. 062 

.cJ.uchcnia 
lama. 

M. 
0.153 
0.105 
0.()90 
0.065 

The olfactory lobes of the brain have nearly the same position in the 
two species, extending anteriorly to opposite the middle of the orbits. 

The brain exhibits large cerebellum and hen1ispheres and rather small 
olfactory lobes. The cerebellum is entirely uncovered by the hemispheres, 
but is in contact with them. The lateral lobes and vermis are well devel-
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oped. The hemispheres are well convoluted, the longitudinal posterior 
convolutions giving way anteriorly to lobulate ones. The Sylvian fissure 
is well marked. The sides of the n1edulla oblongata are compressed and 
vertical at the pons, in correspondence 'Yith the vertical position of the pet­
rous bones. The origins of the ophthalmic and n1axillary branches of the 
trigeminus nerve are not divided by a septum, while that of the mandibular 
branch is quite distinct from the others. rrhe optic nerves are large. The 

olfactory lobes are separated by a deep fissure below the extremity of the 
hemispheres; they project freely beyond the latter, being separated by a 
deep fissure. 'rheir free portions are short, truncate, and compressed. rrhe 
anterior pyran1ids are not preserved on the inferior ftice of the cast of the 
1nedulla oblongata. 'rhe hippocampal lobes are subround and protuberant. 

Frorn the description given under the head of the P. occ,identalis, it may 
be derived, that while the arrangement of the convolutions of the anterior 
lobes of the hemispheres is more simple than in any recent Run1inant, that 
of the n1iddle and posterior lobes is essentially similar to that characteristic 
of the latter order of Mammalia.* 

A number of specimens of individuals of this genus were obtained, 
which are referable to two species, a smaller and a larger. Still larger 
individuals n1ay be referable to a third species of the genus, or to the Pli­

auchenia vulcanorum, whose teeth occur i~ the same localities. Three spe­
cies, having similar relations of size, were originally described by Dr. 
Leidy, fron1 Nebraska, under the names of P. gracilis, P. occidentalis, and 
P. robustus, and the first two are probably those found in the Santa Fe 
marls. In the corresponding horizon in Colorado, the proportions of the 
jaws and teeth of the ProcameU obtained do not coincide with those of the 
species named by Dr. Leidy, one being intermediate in size between the P. 
gracilis and the P. occidentalis, and another intermediate between the latter and 
the P. robustus. The first I identified provisionally with the P. occidentalis, 
but I believe it to be distinct, and name it P. fissidens.t The second species 
is the P. angustidens, Cope. 

*See Paul Gervais, Journal de Zoologie, i, 1872, p. 459. 
* Procarnelus fissidens, Cope (? P. occidentalis, "Leidy", Cope Ann. Rept. U. S. 

Geol. Surv. Terrs., 1873, p. 531).-This species is distinguished by the shortening of 
the series of true molar teeth as compared with the premolars; for, while the second, 
third, and fourth premolars arc similar in dimensim1s to those of t ltc P. occidentaUs, 
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Procamelus gracilis, Leidy. 

Proc. A.cad. Phila., 1858, p. 89; Extinct l\:Iammalia Dakota and Nebraska, 1869, p.155. 

An imperfect mandible, with the symphyseal portion complete, sup­
porting several incisors and canines, and the bases of the ~rst four molars, 
represents the smallest species of the genus kno·wn to n1e, ·which is probably 

the P. gracilis of Leidy. I give measurmnents of the fragment: 

JJfeasurements. 
1\L 

Length of the jaw to the end of the fourth molar.. . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 127 
Length of the symphysis ..... :. . .. . . .. . . . . . .. . . . . . . .. . . . ........... _.. 0. 053 
Length to .the base of the canine ........................................ _.. 0. 020 
Length to the first premolar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 044 
Length to the second premolar . . . . . ............................... _ . . . . . 0. 076 
Length to the first true molar ................. , . . . . . . . . . . . . . . . . . . . . . . . 0. 108 
Depth of the ramus at the first true molar. . . . . . . . . . . . . . . . . . . . . ~. . . . . . . . . 0. 033 
Depth of the ramus at the second diastema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 023 

The canine tooth i·ises close behind the external incisor, and the mental 
foramen is below the first prmnolar. 
the true molars are cou~iderauly smaller. 'fhe crowns of the lat,ter are stout, and not 
narrowed, nor furnished with an antero-external ridge, as in P. angustidens, and the 
anterior external crescent projects free posteriorly in an oblique angular rib on the 
external face of the crown, being separated from the !;econd crescent by a deep fissure. 
The last inferior molar is not very elongate, and the fifth lobe has a crescentic section, 
i. e., is concave on the external face, as in the P. a:ngustidens. 

The inferior border of the ramus is straight from the first true molar posteriorly. 
The anterior face of the coronoid process is oblique outward. The edge of the masse­
teric insertion forms a low ridge, concentric with the convex posterior border of the 
jaw. Like the inner face of the same portion of the jaw, tLe surface is flat. 

M eaBltrements. 
P. jissidens. P. occidentalis. 

Length of the entire molar series ............... -.............................. . 
Length of the premolars ............................................. ~ ........ . 
Length of the second true molor ............................................... . 
Width of the satne ..•••.........................•.......•...................... 

Length of the third true molar ................................................ . 
Width ofthe su.rne .......................................................... . 

M. M. 
0.112 0.126 
0.0385 0.042 
0.023 0.0275 
0.015 
0.033 
0.014 

0.0165 
0.036 
0.014 

Depth of the ramus at the first true molar . . .. . . . . . .. . .. . . . . . . . . .. .. . . . . . . . . . . . . 0. 035 
Depth of the mmus at the miudlc of the last molar .... _. . . . . .. .. . . . . . . . . . . . . . . . . 0. 040 0. 051 
Depth of the ramus at the apex of the coronoid process.......................... 0.140 
Depth of the ramns at the condyle . . . • ... . . . . . . . . . . .. . ... . . . . . . . . . . . . . . . . . . . . . . 0.108 0.118 
Depth ofthe ramus at the postcon<lylar angle.·-----............................ 0.069 0.085 

One ramus nearly entire an<l the molars of another (excepting the last) were 
obtained near the Pawnee Buttes of :Northeastern Colorado. 
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Procamelus occidentalis, Leitls. 
l?lates liii, fig. 2; lxxvi; Jxxvii, figs. 1:-3; Jxxviii, figs. 1-9; Jxxix. 

Leidy, Proc. Phila. Acad., 1858, pp. 23, 80; Extinct Mammalia Dakota and Nebras~m, 
1869, p. 151.-Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 990, pl. ii. 

The cranium and a considerable part of the skeleton of this species 

were excavated from a soft calcareous sandstone near the Pueblo village of 

Pojuaque by myself and assistant, and were preserved in good condition. 

They have given to paleontologists the first definite information as to the 

structure ot the liln bs and cranium in this genus of extinct Camel~. 
The cranium is long and anteriorly narrow; its width is ah9ut equal 

to that of the Llama, but it is considerably longer, the excess being chiefly 

in front of the orbits. The sagittal crest iR short and continues into the 
exoccipital crests, which themselves continue forward into the zygomata. 
The brain-case is rounded· laterally and above in cross-section, descending 
slightly to the interorbital region, which is plane. 1.1 he nasal bones are 
elongate and quite narrow, but do not project beyond the anterior border 

of the premaxillaries, with which their lateral borders are in contact for 
nearly an inch. The premaxillaries are p1~oduced down.ward and forward, 
and are of subequal width, until they turn horizontally forward, ~rhen they 
narro·w to a slightly recurved acurninate apex. About half-way between 
this point and the orbit, the maxillary bone is extensively concave, thus 

narrowing the straight bridge of the nose. The space above the diastema 
~s also concave in a longitudinally oval form. The nw.lar ridge of the 
maxillary is not very prominent, continuing into the beveled and grooved 
inferior face of the n1alar bone. The anterior part of the latter rises to a 
point a little above the 1niddle of the front of the orbit, and is in contact 
with the entire inferior border of the lachrymal. The lachrymal is a wide 
subparallelogrammic bone, wider behind, with its long axis directed down­
ward and forward. It separates the lachrymal sinus by a rather narrow 
space fron1 the orbit. The lachrymal sinus is large, longitudinal, and dia­
mond-shaped; the maxillary or antero-inferior and the frontal or postero­
superior borders being the longest. 'fhe orbit is con1pletely closed, and is 
nearly round. Its superior and posterior borders are crenulated; the inferior 
is thin and entire. The low ridges from the postfrontal regions which bound 
the temporal fossre do not unite anterior to the n1idclle of the parietal bone. 
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The malar bone Is deeply notched to receive the elongate wedge of the 
zygomatic process of the squamosal; its external face is c·oncave. The 

zygomatic process is lo,v, and but little expanded laterally. 

The otic b~tllce are especially large, projecting far downward. They 
are filled with cancellous tissue. They descend vertically from the meat~ts 

auditorius much belo'v the basicranial axis, their long transverse axis being 
directed forward and inward. rrhey present a deep, vertical stylohyal fossa, 

opening backward and then outward. The inner wall of this fossa is con­
tinued into the paroccipital process, forming a wall directed outward and 

backward to the apex. The paroccipital process is nearly transverse at its 
superior part where the external. margin is rolled forward. It is not very 

long, not quite reaching the line of the inferior borders of the occipital con­
dyles. Superiorly, the plane of its n1argin rises to the inion, and its poste­
rior border turns backward into the occipital condyle. The middle of the 

space inclosed between the former ridge and the glenoid cavity is pierced 
by the round meatus auditoritts externus, which has a prominent margin. In 
front of the anterior n1argin is a deep crescentic groove concentric with 
it. The inion is very prominent. The occipital region rises vertically from 
the foramen magnum, and its superior border is produced posteriorly. In 
transverse section, this region is very convex n1edially, and deeply concave 
on each side above the bridge connecting the paroccipital process with the 
condyle. A large foramen pierces the occipital bone in the fundus of this 
concavity. 

On viewing the cranium frmn below, one is struck by the great inequal­
ities of its surface. The occipital condyles inclose, with the paroccipital 
processes, a deep and wide fossa on each side. The bullre are very protu­
bm·ant, but do not project so far as the the pterygoid processes of the sphe­
noid bone. rrhe palate is extremely narrow at the diastema between the 
first and second premolars, and gradually widens forward until, between the 
external incisors, it is as wide as between the second premolars. The apices 
of the premaxillaries are separated by a deep notch. The posterior angle 
of the maxillary bone projects well beyond the notch, separating it from the 
processus triangularis of the palatine bone, which carries the palatal roof 
back nearly as far as the posterior n1argin of the last n1olar. Anteriorly, 



A.RTIOD.A.OTYLA. 331 

the pal~tine bones extend as far as the line of the middle of the anterior 
column of the second true molar. The posterior nareal trough is very 
deep, rather short, and wider behind, owing to the gentle lateral spreading 
of the pterygoid processes of the alisphenoid. 'rhe occipital condyles con­
verge rapidly below, and are almost in contact medially. rrhe basioccipital 
is angulate in the anterior two-thirds of the middle line. The posterior por­
tion is marked by an angulation on each side, which renders the inferior 
sui-face flat. The sphenoid is still more strongly angulated on the middle 
line, so that it is separated fron1 the walls of the nareal fossa by an archway 
on each side. 

Foramina.-The lachrymal canal opens on the inside of the orbit. The 
supraorbital foramen is connected by a deep fissure with the orbital margin. 
The foramen infraorbitale anterius opens· above the anterior portion of the 
first true molar tooth. The incisive foramina are narrow ovals, extending 
from opposite the position of the second incisor tooth to half-way between 
the third incisor and canine tooth. They are separated by the posterior 
processes of the premaxillary. The external nares form. a narrow oval, 
acuminate in front and below, and notching each nasal bone posteriorly 
and above. rrhe palatine foramina are round and opposite the division 
between molars fourth and fifth, in the rniddle of the palatal face of each 
maxillary bone. rrhe foramen ovale is round, and is situated at the apex of 
the deep notch whieh separates the anterior boundary of the otic bulla from 

the posterior border of the pterygoid process of the sphenoid. It is isolated 
from the foramen lacerum anterius. The latter is relatively small, and is 
nearly as wide as long. The foramen lacerurn posterius is well separated 
from it, owing to the close appression of the otic bulla and basioccipital 
bone. It is divided into two foramina, of which the posterior is the foramen 
Jugulare, while the anterior is the vagal foramen. rrhere is no distinct 
carotid foramen, but the foramen glenoideu·m is present, of moderate size. 
The foramen condyloid.e·um anterius is rather small, and is situated inlmedi­
ately under the anterior part of the condylar surface. 

Besides the difference in proportions already n1entioned, several im­
portant characters distinguish the cranium of this species from that of the 
Llama. One of these is the very slight palatal notch, which only extend8 
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to the line of the extrmnities of the last molars. In the Llama, it is deep, 
reaching the line of the middle of the penultimate molars. Second, the 
basioccipital is flat in the Llama, and the sphenoid on.ly rounded; in the 
P. occidentalis, both are angnlate or keeled. Third, the foramen magnum 

has a V -shaped superior bordei· in the Llama ; . in the P. occidental is, it is 

slightly notched at the middle of the ~:mperior border. Fourth, the ptery­

goids are qnly angulate in the extinct animal, not produced into processes 
as in tho Llama. Fifth, the palatal for~mina in the Llama have a more 
anterior position, issuing in front of the third (first) premolar. The glenoid . 

and condylar foramina are 1nuch larger in the Llama. 
The teeth of the specin1en described are in good preservation. The 

external incisors and canines are alike, their crowns being slightly-com­
pressed cones. The space between them is about equal to that separating 
tho canine and first premolar, 'vhile the space between tho first and second 
prmnolars is greater. The second prmnolar is small, half as large as the 
third, is COnlpressed, and has a slight anterior cusp. rrhe third consists of 
a small anterior cusp and a long posterior blade. A strong basal cingulum 
represents the interior crescent. ':rhe fourth premolar is little longer than 
the third, but differs from it in the possession of an inner crescent ; its 
external angles are pron1inont, separating a conc.ave face. The true molars 
are rather narrow. rrhe anterior horn of each crescent is prominent, repre­
senting tho section of a prominent ridge ; between the ridges, the extern~! 
face of the lobes is flat or concave. There is no enamel on the outer wall 
of tho inner crescents in the last two molars. The enan1el is smooth, and 
is without cingula. As compared .. with A~tchenia lama, the rr1olar teeth are 
larger and longer, and lack the prominent ridges on the external faces of 
the external crescents. Tho incisors and canine teeth have not the com­
pressed trenchant for1n of those of the Llama. 

Measurements. 
M. 

Total length of the skull below. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 303 
Length (axial) to the external incisor. . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 0. 023 
Length (axial) to the canine . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 0. 041 
Length (axial) to the first premolar....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 061 
Length (axial) to the second premolar. . ............... , . . . . . . . . . . . . . . . . . 0. OD3 
Length (axial) to the first true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 126 
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Length (a.xial) to the end of the true molars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 202 
Length (axial) to the palatal notch...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.196 
Length (axial) to the end of the narcal fossa ................ -. . . . . . . . . . . . . 0. 233 
Length (axial) to the basioccipital. ... -. . . . . . . . . . . . . . . . . ....... -. -... . . . . 0. 255 
Length (axial) to the occipital colHlyles. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 0. 282 
Widt.h at the external incisors . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0. 028 
Width at the posterior diastema. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 
Width between the extremities of the last molars ........ ,. . . . . . . . . . . . . . . . 0. Ol:iO 
Width of the nareal fossa behind . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 0. 031 
Width between the otic bullre interiorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 025 
Width between the same exteriorly ................... ·. . . .. . . . . . . . . . . . . . . 0. 075 
Width of the occipital condyles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Width of the foramen magnum . . . . . . . . . . ......................... ·. . . . . 0. 020 
Width of the external nares. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . 0. 023 
Width of the bridge of the nose at the middle. . ...... ·- . . . . . . . . . . . . . . . . . . 0. 020 
Width of the front behveen the orbits ............ ~........... . . . . . . . . . . . . 0. 090 
Width between the zygomata.................. . . .. . . . . . . . . . . . . . . . . . . .. . . 0.117 
Width of the brain-case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 061 
Width of the occiput • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 069 
J.Jength of the first true molar...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0220 
Width of the same ...................... ~ . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 0. 01G5 
Length of the second true molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0310 
vVidth of the same .............. : . ............................ : . . . . . .. .. 0. 0165 

Of vertebrce, tl1ere were obtained a number of cervicals, dorsals, and 
lun1bars. The cervicals are, as in other Carnelidce, disproportionately large, 
and display the typical character of the group in the absence of tl~e verte­
bral canal. The atlas is· rather short, and the transverse processes not 

n:uch expanded laterally. They con1mence in front at the edge of the 
occipital coty Ius, and expand b~ckward, extending half an inch outward 
fron1, and an equal distance posterior to, the face for the axis. The ante­
rior border has four notches, two larger. and two smaller. The latter are 

lateral, and divide the occipital cotyli for half their d~pth. Of the former, 
the inferior is the wider, and does not separate the cotylar surfaces, which 
the superior notch does. The neural canal is anteriorly depressed, posteri­

orly round. 'rhe vertebral foran1en enters at the superior base of the 
transverse process, and reappears on the inferior side at ~he posterior end 
of a fossa. At the anterior end of this fossa, it again pierces the neura­

pophysis, entering the neural canal, just behind the cotylar surface, on the 
upper side of the canal. At the point of exit, it also pierces the superior 
wall of the canal. There is no tuberculum atlantis, nor neural spine. The 
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axis is elongate. Its odontoid process is only reverted at the sides near its 
base. In its distal half, the superior face is plane or convex, with a sub­
acute margin all round. The articular faces of the centra of the other cer­
vicals are plano-convex, the anterior ball being a good deal flattened. 
There is a sharp hypapophysial angle, which terminates behind in a short 
tuberosity. The transverse processes extend the entire length of the cen­
trum, and are greatly expanded, forming a broad lamina, with concave 
inferior face, and produced downward and outward in front. .Above this, 
the sides of the vertebra are concave, the open groove being bounded 
above by a strong obtuse ~ngle, connecting the zygapophysis. rrhe neural 
spine is represented by a low ridge, which extends between two angles or 
ridges of the surface, which come together a little behind the border of the 
neural canal, obliterating the median keel. The posterior dorsals, with the 
diapophysis low down, are rounded below. The zygapophyses are embrac­
ing, and the neural spine is rather high. The anterior lumbars have a 
median inferior angulate keel, while more posterior lumbars have an addi­
tional angle on each side of the median one. The articular extremities are 
nearly plane. 

Mea.surcments. 

Length of the atlas on the median line above ............... o o • o •••••••••••• 

I.Jength of the atlas on the lateral border .......... _ . . . . . . . . . . . . .......... . 
Width of the atlas in front ....... ~ ........................................ . 
Depth of the atlas in front . . . . . . • . . . . . . . . . . . . . . . . . . . . . ................. . 

Diameter of the neural canal behind { v~rtical · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
transverse . . . . . . . . . . . . . . . . . . . . . . . . . 

Transverse extent of atlas behind ........................................ . 
Transverse extent of axis anteriorly . .. . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Length of the odontoid process. . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
Length of an anterior cervical (below} ..................................... . 

Diameter of the anterior ball { vertical · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
transverse . . . . . . . . . . . . . . . . . . . ............. . 

Expanse of the anterior zygapophyses ................................... . 
Least external width of the neural arch above ............................ . 
Lengt.h of a more posterior cervical below ................................ . 
Width of the same between the diapophyses in front ..................... ~ .. 
'\Vidth of the same between the diapophyses behind ...................... . 
Length of the centrum of the posterior dqrsal ............................. . 

Diameter of the same posteriorly.{ vertical······· · · · · · · · · · · · · · · · · · · · · · · · · 
transverse ............................ . 

Height of the neural arch . . . . . . . . . . . . . ................................. . 

M. 
0.035 
0.069 
0.051 
0.027 
0.026 
0.026 
0.072 
0.046 
0.016 
0.082 
0.019 
0.021 
0.040 
0.021 
0.080 
0.076 
0.066 
0.035 
0.019 
0.028 
0.011 
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Height of the neural spine above the arch ............................ . 
Length of a posterior lumbar ................. , ........................... . 

Diameter of the centrum behind { vertical · · · · · · · · · · ·· · · : · · · · · · · · · · · · · · · · · · 
transverse . ~ . . . . . . . . . . . . . . . ............ . 

Expanse of the posterior zygapophyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Length of the base of diapophysis ........................................ . 

9')5 i.JV 

0.042 
0.039 
0.017 
0.027 
0.022 
0.016 

The atlas, as compared with that of Auchenia lama, is similar in size, 
but the neural canal is smaller, its diameter in the Llama being 0.028 behind. 
rrhe foran1ina are relatively still larger in the Llan1a. In the axis, it is note­
worthy that the odontoid process is not so extensively excavated on the 
superior surface. The other cervicals are relatively and" absolutely smaller 
than in the Llama, and the tr~nsverse processes are more widely expanded, 
especially along the middle of the centrum. The low neural spine of the 
recent species is wanting in the extinct one. The lateral angles of the infe­
rior aspect of the centrum of the lumbar vertebrre of the P. occidentalis are 
wanting i~ the Llama. 

. The entire fore limb, with the ex.ception of the two distal pairs of pha­
langes, is preserved with the proximal p~rt of the scapula. The glenoid 
cavity of the latter is nearly semicircular in outline. The coracoid process 
is a thick protuberance, extending in the long axis of the glenoid cavity, 
which, toward its (_jxtremity, sends inward, at right angles, a flat hook, con­
cave on the posterior side. The spine rises abruptly at its origin, and is con­
tinuous for a short distance with the anterior border of the scapula. The 
humerus is rather slender, and is characterized by the large size of the tuber­
osities. They are connected at their bases, the connecting mass inclosing 
a deep fossa with the head, or condyle. The greater tuberosity is produced 
much beyond the head proximally, but not much beyon9. the line of the an­
terior border of the shaft. Its extremity is curved inward and upward. 
rrhe lesser tuberosity is parallel with the external face of the greater, and 
nearly with the long axis of the head, and only projects beyond the con­
necting mass by a keel. A tuberosity divides the bicipital sinus into two 
grooves. Not far below the head, the anterior border of the shaft presents 
a rather compressed protuberance. The condyles are compressed, and with 
a trace of epicondylar tuberosity on the outer side only. The olecranar 
fossa is deep and narrow) and the radial fossa is contracted and not very 
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deep. On the inner side of the anterior face, just above the condyle, is a 
~hallow excavation for contact with tho head of the radius on flexion. The 

intertrochlear ridge is an obtuse angle. 
The coossified ~tlna anu radi~ts form a slender bone, with a slight con­

vexity of the inner border at the proximal fourth, but otherwise nearly 
straight. The proximal end of the ulna is much compressed and subacute 

below. The humeral cotylus is narrowed backward fron1 the radius, and 
is equally divi~ed by a strong longitudinal keel. The olecranon descends 
immediately from the coronoid process. A very narrow fossa (perhaps a 
foramen) separates the extrmnity of the ulna, and a groove bounds the nar­
row epiphysis of the same on the inner side. rrhe three distal facets are 
all distinct, the lunar being a little the narrowest. The ligamentous groove 
of the superior (anterior) face is wide and smooth. The external side of 
the extremity presents a shallow fossa; above the internal extremity, the 
inner border is protuberant. ,.I'he metacarpals still exhibit a tr~ce of the 
common suture throughout the length, but there is no groove on the ante­
rior face. The posterior face is concave for the proximal t'vo-thirds. rl'here 
are no faces for rudimentary lateral metacarpals. The distal fissure is deep, 
and the condylar carinre large, but obtuse, and extending only on the pos­
terior half of the condyle. The proximal interosseous foran1en is tninute, if 
present. 

In corn paring the scapula ~nd fore limb of the Procamehts occidental is 
with that of the A ucllenia lama, the following relations are noticeable :-The 
bones are of the same length, but those of the extinct species are more 
slender. rrhe portion of the scapula of the latter preserved resembles that 
of the Llama much,. but the glenoid cavity is narrower. ri'he hurnerus dif­
fers much in its proximal portion. The great tuberosity of the Llama is far 
l?ss prominent in all respects, while the lesser and intern1ediate tuberosities 

are more so, the three together forming a much wider mass than in the P. 
occidentalis. 'The deltoid crest is curved backward in the Llan1a, which it is 
no_t in the fossil species. The condyles are much 1nore robust in the Llan1a. 
In the nino-radius, it is to be observed that the carina of the humeral coty­
lus is much less prominent in the Llama, and the olecranon does not descend 
so steeply fron1 the coronoid process. ri'he proximal interosseous foramen 
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does not penetrate in the Llama, while it does in the Procamelus. The supe­
rior distal ligamentouR groove is exterior in the Llama, nearly median in 
P. occidentalis. The cannon-bone is similar, but more slender. The carpal 

bones, although less robust~ nearly resemble those o~ the Llama, but the 
magnum and unciform facets of the lunar are more nearly equal than in 
that species. The pisiforrn is large and expanded distally. Its cuneiform 
and radial facets are equal. The phalanges only differ from those of the 
Llama in the greater pron1inence of the proximal ligamentous insertions and 
the rather more slender shafts. 

JJfeas'ltrements. 

Long diameter of the pwximal end of the scapula ......................... . 
Long diameter of the neck of tl1e scapula . . . . . . . . . . . . . • . . . . . . • . .......... . 
Long diameter of the glenoid ca~ity of the scapula ........................ , . 
Short diameter of the same. . . . . . ....................•.•.................. 
J.Jength of the hun1erus ........... , ................ ~ ....•....•.•.......... 

Diameter of the proximal end { long · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
short ..................................... . 

Long diameter of the bead ..•..•...............................••......... 
Projection of the greater tuberosity beyond the head ............••.......... 
Long diameter of the shaft at the middle . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. . 
Transverse diameter of the distal end ..•........•.........•........... _ ... , 
Antero-posterior diameter of the same ............................•.... ~ ... . 
J.Jength of the ulno-radius on the chord ..........•..•.....•.•..•........... 
Depth at the bead of the radius. . .. . . . . . . . . . . . . . . . . . . . . .... ~ . . . . . . ...... . 
Depth at the middle of the shaft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Width at the middle of the humeral cotylus ............................... . 
Width at the middle of the shaft ......................................... . 
Width of the distal end of the radius ..•....... ~ .......................... . 
Depth of the same ........... · .••.........•.•.......•........•............ 
Length of the cannon-bone ..•..............................••............ 
Proximal diameter { antero-posterior ............................•...... :. 

transverse . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Transverse distal diameter .•.................•.......•.....•.••.......... 
Length of the carpal series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Length of the lunar ..................................................... . 
Width of the same ........•..........•..•..•.............•.....•...•...... 
Depth of the same. . . . • . . . . . . . . • . . . . . . ............•.......•.•....•...... 
Length of .tbe pisiform .......................................••...•...... 
Vertical width of the same ..... - ......................... & • • • • • • • • •••• ~ •• 
Length of the trapezoides • . • . • • . . . . • • . • . . • • ••..••.•.....••.. • .•.•...•..•• 
Width of the same ..............•...............••.•.••.•••..•.••••••••.. 

22 G R 

M. 
0.054 
0.031 
0.035 
0.029 
0.250 
0.073 
0.050 
0.040 
0.034 
0.030 
0.040 
0.040 
0.350 
0.040 
0.015 
0.012 
0.023 
0.042 
0.027 
0.226 
0.023 
0.032 
0.041 
0.025 
0.018 
0.013 
0.022 
0.025 
0.01.9 
0.012 
0.012 
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Brain.-This organ displays the characters of the older types of Rumi­
nantia, although not materially smaller than that of the Llama, an animal 
which it equaled in general proportions. The hemispheres are, however, not 
produced so far posteriorly in the Procamelus as in the Auchenia, reaching 
only to the line of the meatus auditorius externl!s in the former. The vermis 
of the cerebellum rises abruptly from the medulla, having a nearly vertical 
direction to a point a little lower than the superior plane of the hemispheres. 
The lateral lobes exmnd on each side of it, each one having a rather greater 
width than the vermis. 'rheir posterior faces are subvertical, and are 
directed sli.ghtly forward. Each projects laterally into an apex at the mid­
dle of its elevation, and then contracts do,vnward into the angular line 
which marks the posterior border of the petrous bone. From a P?int 
between each apex and the vermis, a ridge rises obliquely inward to the supe­
rior plane of the ~ere bellum, where each one enlarges and joins the median 
transverse line. The angle above described as descending from the lateral 
apex of the cerebellum curves forward, forming a lateral angular border of 
the pons varolii on each side. The flat space inclosed between this line and 
the posterior border of the hemisphere is interrupted by two prominent tuber­
osities. The superior is sn1all and su boval, and is near to the posterior bor· 
der of the hemisphere. The other is a short, prominent ridge, directed 
downward and forward, just behind the lobus hippocampi. Its inferior end 
con·esponds with the origin of the mandibular branch of the trigeminus and 
perhaps the facial nerve. 

The medulla oblongata is contracted at the foramen magnum, and has a 
subround section slightly flattened below. Its inferior face is then rounded, 
then fla~tened, and then concave between the anterior part of the lateral 
ridges. The bases of the maxillary branches of the trigeminus nerves are 
stout, and directly in line with the origins of the mandibulars. Between 
them, the base of the brain is concave, and the optic nerves issue but a little 
distance in front of them. The lobi hippocampi are subround and rather 
prominent. 'rhey are terminated in front at the foramen sphenoorbitale by 
the contraction of the cranial walls. Their surface displays slightly-defined 
convolutions, the best marked being inferior and subround in form. 

The cerebral hemispheres, viewed fl.·om above, have an oval outline, 
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and are rather narrower anteriorly than posteriorly. They contract poste­
riorly from the Sylvian convolution. The profile descends gradually to the 
olfactory lobes. rrhe superior surfa~e is little convex in the transverse 
direction. The fissure of Sylvius is nearly vertical in position, and its 
superior extremity is visible from above. A strongly-marked fissure extends 
posteriorly from it, defining the lobus hippocampi above. The Sylvian con­

volution is the thickest of all, and its outer border is emarginate in front 
and behind. Below the postero-superior emargination, it is thickest and 
most protuberant. Between it and the .position of the falx, there are three 
longitudinal convolutions, the external, the median, and the internal. These 
are slightly divergent posteriorly, but the posterior extremities of those of 
one si.de tend to unite on the posterior border of the hemisphere. Their 
surfaces are smooth. The external is widest medially, and it terminates 
anteriorly just behind the apex of the Sylvian convolution. The internal 
is double posteriorly. The median is simple, and unites with the internal 
above the apex of the Sylvian convolution. The two conjoined continue 
for a short distance, and terminate in a broad tuberosity. Below the external 

convolution, on the side of the posterior part of the hetnisphere, there are 
four small longitudinal convolutions. The orbital portion of the hernispheres· 
is extensive, and nearly sn1ooth from the olfactory lobes to the supraorbital 
borde1'. This is not prominent, but is represented by a short longitudinal 
ridge. Above each of these, on the superior or front aspect of the hemi­
spheres, is a massive convolution, bent crescent-shaped, with the convexity 
inward. The posterior part of the convolution is a subround tuberosity, 
which stands opposite to, and in front of, the furro·w separating the Sylvi}.tn 
and median convolutions. The middle part of the crescent is less promi­
nent, but the anterior extren1ity forms another tuberosity, whose long axis 
is directed downward and outward. rrhe crescentic convolution of the one 
side is separated from that of the other ·by a wide, shallow, median, longi­
tudinal groove,. which extends transversely at the posterior tuberosities. 
The two tuberosities and the olft~.ctory lobes form three descending steps. 

As compared with the brains of the existing· Bovida, that of the Procmn­
elus differs in the forms of the cerebellum and 1nedulla oblongata, as already 
pointed out. The hemispheres differ in being shorter behind and more de-
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pressed in front. The convolutions of the posterior region are the same in 
number as in the Sheep, but are less undulating in their outlines; but there 
is a marked difference in the anterior convolutions. The median convolu­

tions do not, as in the Sheep, extend to the extremity of the anterior lobe, 
but terminate above the Sylvian fissure, so that there only remain in 

front of them the two large supraorbital convolutions, instead of the four 
common to existing Bovidce and Cervidt£.* In this respect, it more nearly · 
resembles Oreodon, but, in this genus, the internal convolution is continuous 

with the supraorbital.t 
A fragmentary lower jaw of a second individual exhibit~ nearly all of 

the lower molars. They present the proportions of those of the P. occiden­
talis from Nebraska, and are not compressed, or otherwise like those of the 
P. angustidens. 

Restoration.-As a result of the preceding examination, it is evit1ent 
that the Procamelus occidental is was an anin1al of about the size of the Llama, 
but one of n1ore sy1nmetrical proportions. The neck was not quite so dispro­
portionately long, while the limbs were more slender and the head and 
muzzle inore elongate. The n1uscular insertions being generally more prom­
inent, we may conclude that it possessed in life greater n1uscular power, 

and especially agility. 
PLIAUCHENIA, Cope. 

Proc. Acad. Phila., 1875, p. 258; Ann. Rept. Chief of Engineers, 1875, ii, p. 989. 

This genus is established on the dental characters exhibited by a man­
dibular ramus, in the following formula: I. ~ 3; C. 1; Pm: 3; M. 3. The 
absence of a premolar tooth distinguishes this genus from Procamelus7 the 
second, or first of the continuous series, being the one omitted. A portion 
of the left maxillary bone of a larger species is thought to belong to the 

same genus, although it presents the number of premolars found in Pro­
camelus, viz, four. The first and second are, however, very close togetheJr, 
so as to leave about the same relative interval between the first and third 
as is seen in the P. humphresiana, should the second premolar be omitted 

• See Leuret et Gratiolet, Anatomie comparee du Systeme Nerveux, 1839-57, 
Atlas, plates vii-x. 

t Leidy, Extinct Fauna Dakota and Nebraska, plate xiv, fig. 11. 
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The latter tooth is wanting fron1 the lower jaw of the P. humphresiana. 
The difference in dental formula between the superior and inferior dental 
series admitted provisionally in Pliauchenia finds justification in the formula 

of the Llamas (Au_chenia), where the premolars are}. 

The line of descent of the Horses has been already traced by several 
paleontologists. Another series has been nearly completed by recent 
discoveries,* viz, that of the Camels. I have already indicated t the ante­
cedent relation in which the 1.\-Iiocene genus Poebrotheriurn stands to the 
existing Camels in the structure of the lin1 bs and teeth, as well as the 
intermediate pt>sition occupied by Procamelus in the characters of the incisor 
teeth. It now remains to point out the relations determined by the structure 
of the feet in Procamelus, and the dentition in Protolabis, and as deseribed in · 
the preceding pages. Commencing with the earliest genus, Poebrotheriurn, we 

have the molar teeth 4-3, as in the primitive Mammalia generally. There 
are but two elongate metacarpals, which are not united into a cannon-bone; 
the lateral ones being rudimental, while the carpals are of the number 
characteristic of the Mammalia of all the orders with numerous toes, 
na1nely, seven. In Protolabis of the succeeding formation, the molar 
formula continues to be 4-3, but the posterior teeth are more prismatic in 
form than in the Miocene genus. The incisor teeth are present, thus dis­

playing the primitive character of the class generally; though, as these 
teeth are easily shed, an approximation to the edentulous condition existing 
in this part of the mouth of Run1inants is apparent. It is in Procamelus that 
the incisor dentitjon of the existing Carnelidce is first seen, but that genus 
still retains the molar dentition of the primitive character, the formula being 
Pm. f; 1\-f. i . In the feet, the approximation to the existing C amelidce is 

greater than in the dentition. Thus, the lateral rudimental metacarpals of 
Poebrotherium have disappeared, and with them the trapezoides of the carpus. 
The magnum remains distinci, while the middle metacarpals are united at 
full age into a cannon-bone. In the contemporary genus Pliauchenia, a 
further modification of dentition is observed. As above stated, the molars 
of Procarnelus number tg; in Camelus, they number~; in Pliauchenia, we 

• See Proc. Acad. Phila., 1875, p. 261. 
t Bull .. U. S. Geol. Sun·s. Terrs., No. i, 1874, p. 25; Ann. Rt-pt.. 1873 (1874), p. 500. 
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have the intermediate condition 1 ~=~· The end of the series is seen In 
Auchenia, where the fonnula is ;=~· 

The evolution of the existing types· of (}arnelida is a good illustration 

of the operation of the laws of acceleration and retardation~ In evidence 
of this, we may follow the growth of the foot and dentition of the most 
specialized, and therefore the terminal genus of the series, the American 
A uchenia. It is well known that the animals of this genus, in con1mon with 
other Ruminants, have the constituent metapodials of the cannon-bone 
distinct during a longer or shorter portion of footallife. As these elements 
are permanently distinct in the oldest or Miocene genus Pojjbrother.iurn, it is 
evident that acceleration of . the process of ossification has caused their 
union at successively early periods in the genera of later ages. This is 
indicated by the long duration of their separation in the Loup Fork genus 
Procamelus . . It is also well known, since the time of Goodsir, that the 
en1bryos of Ruminants exhibit a series of superior incisor teeth, which 
disappear early. It is probable, but not certain, that, in the Miocene genus 
Poebrotherium as in various contemporary S~lenodont Artiodactyla, the 
superior incisors persisted. I have, however, discovered that these teeth 
persisted in the Loup Fork genus Protolabis during adult life. I have also 
found that one (the second) of these teeth in Procamelus occidentalis persisted 
without being protruded from the alveolus until nearly adult age. In genera 
(e. g.; the Bunodont Artiodactyla) where the incisors are normally developed, 
they appear· at about the same time with the other teeth, and continue to 
develop to functional completeness. This development is retarded in Pro­
tolabis, since they are not so matured as to remain fixed ·throughout life in 
their alveoli. In Procamelus, the retardation is still greater, since the first 
incisor reaches very small dimensions, and is with its alveolus early removed, 
while the seco~1d incisor only grows large enough and for a sufficient tilne 
to occupy a shallow alveolus, without extending beyond it. In the first 
incisor, the process of retardation has reaclied its necessary termination, 
i. e., atrophy* or extinction, while in the existing Carnelidce . the second 
incisor also has disappeared in the same way. In Ruminants other than 
Camelidce, the third or external incisor has :undergone the same process, 

*Sec Proc. Acad. Pl.tila., 1876, p. 17, for an explanation of these terms. 
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while in the Bovidce the canines also have been retarded in development 
down to atrophy. 

In the genus Auchenia, as has been pointed out, the premolar teeth are 
two in nun1ber; in Poebrotherium of the Lower l\1iocene, they number four, 
the first and second of the normal . Mammalian series being present. The 
first premolar is present in Poebrotherium, Protolabis, Procamelus, Pliauche­
nia, and Camelus. It is wanting in Auchenia and other Rurninantia. In the 
latter, it is present in the footus, but soon disappears. In A uchenia, acc.ord­
ing to Owen, it is retained for a somewhat longer time.* Thus retn~rdation 
of the grow~h of this tooth is first seen in the latter genus so far as known, 
and is more pronounced in the other Ruminantia. The second premolar is 
present in Poebrotherium, Protolabis, and Procamelus. It is absent in Pliau­
chenia, Carnelus, and Auchenia. In the last two genera, it is a transitional 
character of immaturity, and ·we. may infer that this is also the case with 
·Pliauchenia. It is thus evident that retardation, in the supply of nutritive 
1naterial to this tooth, has caused its reduced size, and terminated the dura­
tion of its existence. This has not occurred in the other lines of Ruminantia, 

where it remains as in Poebrotherittm. From these and many analogous 
cases, the general law may be deduced, that identical modifications of struct­
ure, constituting evolution of types, have supervened on distinct lines of descent. 

It has been observed, as a remarkable fact, that North America should 
present us with the most complete history of the succession of genera which 
resulted in the Horse, and yet should have received this animal by impor­
tation from Europe. ~ evertheless, the more prominent genera of this series 
have been obtained in the European formations, especially Anchitherium 
and Hippotherium. But, as regards the.· Camelidce, the genera above de­
scribed are exclusively North American, no ·well-determined formt of this 
group having been found in any formation of the Palrearctic region up to 
the present time. Until such are discovered, there will be much ground 
for supposing that the Camels of the Old World were derived from Ameri­
can ancestors, 'While the presence of the Llamas in the existing South 

*Odontography, p. 530. 
t Jlerycotherium, Bojanus (Nova Acta Acad. Leop. Car. Nat. Cur., vi), bas not 

yet been distinguished fr~m Oamelus. 
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American fauna indicates the absence there of the conditions which caused 
their extermination from North America. 

Pliauchenia humphresiana, Cope. 

Plate lxxvii, fig. 4. 

Proc. Phil. Acad., 1875, p. 258; Ann. Rept. Chief of Engineers, 1875, ii, p. 989. 

The animal now described is of about the size of the Procamelus occi­
dentalis, or somewhat larger than any of the existing Llamas. The mandible 
is stout and deep, contracting rapidly forward. The canine and first pre­
molar are especially stout, and separated by a very short diastema; that 
separating the first and third premolars is also short, being less than that 
which separates the first and second in Procmnelus occidentalis. Could it be 
supposed that the second premolar is abnormally absent from the P. humphre­
siana, the diastema would be reduced to a very small compass. Without 
this supposition, the diastemata, both before and behind the first premolar, 
are shorter than in any of the Procameli, as P. robustus, P. angustidens, P. 
heterodontus, and P. gracilis. The mental foran1en issues below the anterior 
border of the first or cuniform premolar, and the anterior border of the 
latter marks the posterior margin of the symphyseal suture. The third pre­
molar is nearly as long as, but narrower than, the fourth, and the true 
molars increase rapidly in size posteriorly. 

Measurements. 
M. 

Length of the dental series from the front of the canine to the front of the last 
molar . . . . . . . . . . . . . . . . . . . ............. ~ . . . . . . . . . . . . . . • • . . . • . . • • • • • • . • • • 0. 125 

Length from the canine to the first premolar ........•.•..•....••• , . • • . • . . . . 0. 010 
Long diameter of the first premolar .....................•...•..•••.••••• , • • • 0. 010 
Diastema to the third premolar . . . . . • . . . . . . . . . . . . . . . . . . . . . . • • • . . • • . . • . • • . • 0. 023 
Length of the third premolar . . . . .. .. . . . . . . . . . .. . .. . . . . .. .. . . . . • • • . . • . . • . . 0. 011 
Length of the first true molar. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • • • • . . 0. 019 
Width of the crown of the first true molar...... . . . .. • • . . . . . . . . . .. • • . . . . .. .. 0. 011 
Length of the crown of the second true molar...... . . .. .. . . . . . . ... . . . . . . . . . 0. 025 

This species is dedicated to Brig. Gen. A. A. Humphreys, Chief of En­
gineers, U. S. A., in recognition of the enlightened interest in all depart­
ments of scientific investigation exhibited in his long and able administra­
tion. · 
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Pliauchenia . vulcanorum, Cope. 

Plate lxvii, fig. 5. 

Loe\ cit., p. 259; loc. cit., ii, p. 990. 

Represented by the left maxillary bone of a Camel of about the size 
of the existing Dromedary, and considerably larger than the species last 
described. The dental formula is, molars 4-3. , The first premolar is only 

removed from the second by a diastema equal to the long diameter of the 
latter. The latter has no inner cingulum, while in the third it is so strong as 
to constitute an interna.l crescen.t. The third is much larger, and exhibit~ the 
usual single external and single internal crescents. The first molar is stout, 
long-rooted, and furnished w_ith a strong ridge on the outer side, bounding 
the posterior crescent-bearing column in front. There is a weak ridge on 
the middle of the anterior colun1n, and only a rudiment on the last premo­
lar. There are no cingula on either the inner or outer bases of the crown. 
rrhe enamel is nearly smooth. A palato-maxillary foramen issues opposite 
the anterior border of the base of the third premolar. 

Measurements. 
M. 

Length from the posterior border of the first premolar to the posterior border 
of the first molar ..................... ~ ......... , • . . . . . . . .. • . . . . . . . . . . . . . 0. 090 

Length of the first true molar........... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 0. 030 
Widt.h of t.he base of the crown of the first true molar. . . • . . . . . . . . .. • . • . • • . . • . 0. 024 
I.Jength of the fourth premolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 019 
Width of the base of the crown of the fourth premolar. . . . . . . . . . . . . . . . . . . . . . . 0. 018 
Width of the palate at the first true molar........ . . . . . . . . .. .. . .. . . . . . • . . . . . . 0. 040 

The typical specimen was found near Pojuaque, a village of the Pueblo 
Indians. Various bones of Camels of the size of the P. vulcanorun~ were 
also found, some of which doubtless belong to it. 

Fragments of Camels of the larger proportions . of this species are 
abundant in the Santa Fe marls. One of these is a left premaxillary bone 
without apex, and with adjacent portions of maxillary. The three included 
fangs of .. incisor, canine, and premolar, are robust. A fragment of mandible 
includes bases of· three premolars of the size of those of the Procamelus 
occidentalis, and may belong to that species. A portion of the maxillary 
bone of a ·camel of the same size supports the three milk-molars, and the 
first pern1anent molar half protruded. 1,he latter has the dimensions of the 
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corresponding tooth of P. vulcanorum. The first milk-molar is elongate, 

and has a narrow inner crescent formed of an elevated cingulum, whi~b is 
interrupted in the middle; the second premolar is three-lobed, the poste­
rior two lobes composed of two crescents each. The third molar has a 
prominent interior intercolumnar style. The external crescents are sepa- · 
rated on the outer face by a strong longitudinal fold of the crown. 

Measurements. 
M. 

Length of the milk series................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 0. 061 
Length of the first molar _... . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . .. .. . .. . .. . 0. 014 
Widthoftbnsame ................. ···~··········· ....................... 0.006 
Length of the second molar ..................•........... , .......... -..... 0. 023 
Width of the same......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 010 
Length of the third molar .. . . .. .. • . . . .. .. .. .. • . . . . .. .. . . • . . . . .. . . .. . . . . . 0. 026 
Width of the same ........ _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 015 

DICROOERUS, Lartet. 

Dicrocerus, Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 988. 
JJJ.erycodus, Leidy, Proc. Acad. Pbila., 1854, pp. 90-157; Journ. Ac!td. Phila., vii, 162. 
Oosoryx, Leidy, Journ. Aead. Pbila., vii, 173. 

Molars t~, prismatic; last superior premolar with an ifiternal crescent; 
inferior premolars without inter.nal crescent. Last inferior molar with fifth 
lobe or heel. Frontal bone supporting solid branched horns, which are 

normally continuous at the base. 
rrhe incisors, canines, and anterior. superior prenlolars of this genus 

are as yet unknown, as well as the greater part of the skeleton. The 
distal extremity of the tibia of D. furcat~ts is much like that of the Deer 
in the downward prolongation of the internal malleolus and anterior 
tuberosity. r:rhe internal border is not preserved in our specimen except so 
far as to exhibit the anterior malleolar facet. The extremities of two cannon­
bon~s show that they are fully coossified, and contain but a single medullary 
cavity at the distal third. The trochlear carinre an.d lateral angles are fully 
developed. 

The genus Dicrocents was proposed by Edouard La.rtet in 1839 for 
Ruminants which combine the characters of the Deer and the Antelopes. 
In 1851, the genus was further defined by hi1n, and it was observed that in 
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some of the specin1ens the horns are continuous with the frontal bones, as 
in the Antelopes, etc., while in others the basal part .of the beam is furnished 

with protuberances in the form of a burr. These observations have also 

been made on the American species by myself, and published in the Report 
on the Vertebrate Fossils obtained in New Mexico (see Annual Report 

Chief of Engineers, 187 4, p. 604). The specimens obtained by the expe­

dition prove that four, perhaps six, species of this genus occur in the Santa 
Fe marls, one of which had been previously found by myself in the Loup 

Fork beds of Colorado and two others in the con·esponding formations in 
Nebraska by Dr. Hayden. To one of the latter the name of Merycodus 
necatus was applied by Dr. Leidy in 1R54, and Cen.,us warrenii in 1858. 

The former was represented by mandibles with dentition; the latter by 
horns. The discovery of crania with horns and teeth, enables me to unite 

these supposed species. A third species, discovered by Dr. Hayden in 

Nebraska, was named by Dr. Leidy Cosoryx furcatus in 1869. In conl­

menting on this species, Professor Gervais ren1arks (Journal de Zoologie) 
that the genus Cosoryx is not distinct from Dicrocerus, a statement confirmed 

by the comparison with the figures of the D. dichotomus, Gerv.,. from the 
French l\1iocene. 

More or less fragmentary horns of nineteen individuals of this genus 
were obtained by the expedition, of which thirteen, representing three 

speci~s, include the basal part of the beam. As already remarked, some 
of these present a basal burr and. some do not. Those in which the beam 

is without burr, or scar of it, are, D. teres, 1; D. necatus, 5; D. furcatus, 1. 

Those with the burr or scar are, D. necatus, 2; D. furcatus, 4. The occurrence 
of both these conditions in the same species indicates that the character, ·so 
constant and important in the definition of the existing Ruminantia, is here 
subject to causes the discovery of which will add an important item to the 
history of the origin of the genera, fan1ilies, etc., of this order. A considera­
tion of some -other parts of the specimens throws additional light on the 
question. 

In a specimen of each of the species D. furcatus and D. necatus, an 

antler is broken off, and just below the fractured extremity a burr or ring 
of osseous tubercles has been thrown out. The free extremity is short, and 
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of spongy material, with an irregulm· surface devoid of dense layer. It is 

'vorn as though it had been softer than the remainder of the bone, and looks 

as though its vitality had been lost. In another specimen of D. furcatus, 
the extremity of an antler had been broken off, and, slipping down so as to 

overlap the fixed end for half an inch, had reunited by anchylosis without 

throwing out any burr. 

I had at one time suspected that a fracture of the base of the beam 

had caused the deposit of the burr, and the rugose band surrounding the 
former beneath tho latter has n1uch the appearance of a surface of reunited 
bone. On making sections of two beams of the D. furcatus, which display 

the annulus, I find no indication of fracture during life, as both the denser 

and coarse central tissues are uninterrupted (see fig. 7, pl. lviii, and fig. 1, 

pl. lix). 
Fron1 tho facts of the case, the following inferences may be derived, 

pre1nising- that it is very probable that a genus allied to the present one 
gave origin to the family of the Deer. It is obvious that the horns of 

Dicrocerus did not possess a horny sheath as in the Bovidce, from the fact 

of their being branched. As the sheath grows by addition at the base, the 

presence of branches, which necessarily obstruct its forward n1ovement, 
·would he fatal to the process. There is much to be said in favor of the 
view that the horns were covered with an integument, probably furred, as 
in the Giraffe and young of the Deer. Thus there are grooves on the bean1 

for superficial blood-vessels, which must have been protected by skin. (I 

do not observe these grooves on the beam of D. teres.) The retention of 

the broken extremity of an antler so as to be reunited as aboved described 
could not have been accomplished without an integument. The presence 
of the burrs cannot be accounted for on any other supposition, as there ar8 

no foramina to give exit to nutritive vessels at the points where they exist; 
the irregularity of those positions forbids the latter idea, and adds to the 

probability that the arteries which furnished the deposit of. phosphate of 
lime were contained in a superficial dermal coating. The supposition is 
also strengthened by the fact that the only existing Run1inants, the Giraffes, 

'vith permanent horns without horny sheaths, have them covered with 
hairy skin. 
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It appears that, in the antlers, the deposit ·of a burr was immediately 
associated with the death of the portion of the horn beyond it, so that it 
disintegrated and disappeared. This was not the case with the beam in 
the specimens observed. N evcrtheless, it is probable that the death of the 
horn would be associated with the deposit of the burr in this case also, 
were the conditions the same. What those conditions were we can only 
surmise. It was very probably the death of the integument which invested 
and nourished the horn that produced the result; and this would n1ore 
readily occur in the exposed antlers than in the more protected basal port1on 
of the beam. It is very probable that this result "''ould follow blows and 
laceration of the surface receiv-ed during combat or accidental contact with 
hard substances. The integument would be stripped up to near the junction 
of antlers with each other, or of the beam with the cranium, and the arteries 
would be constricted or closed at those points. It is near these junctions 
that all of the burrs are found. But as such lesion would necessarily be 
less complete at the point where the horn has greatest circumference, so 
the entire death of the horn might be less usual than that of its branches. 
Should such lesions have occurred for a long period at the breeding-season, 
nature's effort to repair by redeposit of bony tissue might as readily become 
periodical as the increase in size and activity of the reproductive organs 
and other growths which characterize the breeding-season in many animals. 
The subsequent death of the horn wou~d at some time be followed by its 
shedding by the ordinary process of sloughing. · 

Prqbably other considerations enter into a true comprehension of this 
point, but the above explanation will probably be found to be in the main 
correct. It must be remarked that it is not probable that this genus is the 
immediate ancestor of Cervus, from the fact that the molar teeth display in 
their prismatic form a higher degree of specialization than belongs to that 
genus. It is probable that the true ancestor combined the dental type of 
Oervus, with the distinct roots and short crowns of the molars, with the type 
of horns here described. 

. rrhe genus Antilocapra is allied to Dicrocerus in its branched horns, and 
in the hairy dermal covering, which constitutes the immature stage of their 
horny sheath. 
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Son1e of the specimens of this genus display the accessory tubercles, 
or rudimental columns between the inner lobes of the inferior true molars 

characteristic of the Cervi. I find them in very different degrees of devel­
opment; while they are prominent in D. gmmnifer, Cope, there is a rudi­
ment in the first true molar of a specimen of D. necatus. Under the cireum­
stances, the species may be distinguished by the mandibular rami and d~n­

tition, as follows: 
I. True molars without _or with one rudimental accessory basal 

column .......... ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DICROCERUS. 

Larger, length of premolar series om.020; teeth compressed; 
ramus very slender at· the diastema . . . . . . . . . . . . . . . . . . . . . . D. furcatus. 

Size similar; teeth less compressed; ramus stouter at dias-
tema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • D. necatu.Y. 

Size smaller; premolar series om.Ol6.. . . . . . . . . . . • . . • . . . . . • . . D. tehuanus. 
II. True molars with more or less developed basal columns. . . . . . . . . BLAS'l'OMERYX. 

Smaller; last molar om.013, less prismatic; basal columns well 
developed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . D. gemrnifer. 

It is quite possible that the species Jast named n1ay represent a genus 
. . 

distinct from those preceding it, but the last molar tooth is the only part of 
the dentition which is known. In that case, the name Blastmneryx may be. 
applied to it. I obtained it first* in the Loup Fork beds of Eastern Colo­
rado; a specimen from the Santa Fe marls resembles it closely. The 
largest two species have not left many teeth. 

Dicrocerus furcatus, Leidy. 
Plates lxxx ; lxxxi, fig. 1; lxxxii, fig. 1. 

OoHOrJjX furcat~ts, Leidy, Jour. Acad. Phila., vii, 1869, p. 173; Pl. xxviii, fig. 8. 
Oo.Yoryx rarnosus, pars, Cope, Proc. Acad. Phila., 187 4, p. 148; Ann. Rept. Chief of 

Engineers, 187 4, ii, p. 604. 
Picrocer~ts f~trcatu.Y, Cope, Proc. Acad. Phila., 1875, p. 257. 

The horns of eleven individuals referable to this species were obtained 

by the expedition of 1874, and one of these is accompanied by a tooth 
which enables me to identify the separate lower jaws of two individuals as 

belonging to the same. The horns present common characters, but differ 
somewhat in size, the largest specimens considerably exceeding Dr. Leidy's 
type in this respect. 

This species is about the size of the D. necatus, and differs fron1 it in 

*See Ann. Uept. U. S. Geol. Surv. Terrs., 1873, p. 531. 
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possessing two antlers instead of one, of which the first is given off at a 
point much farther from the base than in that species. 

The derise layer of the tissue of the horns is very thick, leaving a nar­
row axis of coarse cells, without columnar structure. The surface is smooth, 

and with very few and shallow grooves. The beam near the base is curved 
a little inward, and is semicircular in section; the outer face being slightly 

concave, the inner very convex. The base is situated a short distance 
within the free superciliary border. The beam· becomes more cylindric, 
and then, expanding in a fore and aft direction, gives. off an antler at right 

angles; toward the front, nearly parallel to the cranial axis. At a distance 
little over half the elev~tion of the first antler, the beam gives off a second 
in a plane transverse to the axis of the skull. The terminal portion of the 
beam is cylindric, curved, and acute at the apex. 

There is no en1argination of the superciliary border, but a foran1en 
pierces the frontal bone in front of the inner margin of the horn, as in other 

Ruminantia, issuing in a ~arked depression of the surface. 
In a specimen in which a considerable portion of the frontal bone is 

preserved, a rough and tubercular burr surrounds the proxin1al part of the 
beam, standing on the interior side at a point about an inch ~bove the base, 
and descending obliquely to the anterior and outer side. vVhen broken 
away, an oblique, irregular bone of rough surface remains, which gives the 
appearance of a reunited fracture. A section of the beam above this point 
is an equilateral spherical triangle, and there is a ·very shallow groove on 
the external side. Dian1eter of beam before first bifurcation om.014; 
length of second antler on curve om.l 05. 

A second specimen with the antlers broken off, is more strongly grooved 
on the outer side, and on the posterior face also. The beam is shorter, and 
the antlers are given off nearer together than in other specimens. There is 
no indication of burr or fracture at the base. Associated with it is a frag­
ment of the horn of the opposite side, 'vhich includes the base of the 
second antler. This is broken off nearly an inch above the base, and is sur­
rounded just below the stump by a burr of osseous tuberosities. Diameter 
of beam (first noticed) below first antler om.014; length of beam to first 
antler om.046; length from first to second antler om.oos. 
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A third horn from the left side presents the characters of the last, but. 
there is an indication of the rough girdle near its base, but no cingulum. 

Dian1eter below expansion for inferior antler om.015; length from base to 
first antler om.072; distance between bases of antlers om.013. rrhe distal 
extren1ity of one of the antlers has been broken off and reunited, the frac­
tured ends overlapping and coossifying 'vithout the fonnation of a burr. 
rrhe adhesion of this broken end would indicate the existence of integu­
ment, which maintained it in position so far as to prevent its loss. A penulti­
mate molar accompanies this horn, which may belong to the same animal. 
It is prismatic, compressed, and without accessory basal columns. The 
two lakes are entirely surrounded by the dentine, and the internal crescents 
are elevated and acuminate above the inner. Diameters of grinding sur­
face: antero-posterior om.012; tr~nsverse om.005. 

A fourth specimen is remarkable for the distance between the first and 
second antlers ; basal part of bean1 not preserved. Diameter of beam as 
before om.015 ; distance between bases of antlers om.033. 

A fifth consists of the basal part of a horn, remarkable for its size and 
for the distinct traces of a burr. A sixth is of normal size, and exhibits the 
rough band surrounding the base obliquely, descending outward and back­
ward. In this specimen, it resembles a reunited fracture, although no burr 
is present. Diameter of the fifth an inch from base om.017; dian1eter of 
sixth om.Ol5. 

In a seventh specimen, without basal portion, the beam is om.014 in 
diameter below the first antler, and the two antlers are om.013 apart at their 
bases. The horns of the other individualG present nothing remarkable. 

Thus of the horns in which the basal portion is preserved, one presents 
a burr, three exhibit traces of the burr, and o~e is entirely smooth. No 
mention is made of indications of burr in Dr. Leidy's description .. 

The mandibles already alluded to present the dentition of both sides, 
excepting the first premolar, which is broken off. The ran1us increases in 
depth posteriorly in accordance with the successive increase in size of the 
teeth. It is compressed, and with very little convexity on the outer side. 
The portion anterior to the second premolar is both long and slender, with 
a less vertical diameter than in the corresponding portion of D. necatus. It 
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displays a long diastema, and, like all other specimens of the genus yet 
obtained, does not exhibit the teeth anterior to it, but a portion of a.n alveo­
lus only. There is a single sn1a1l mental foramen immediately below the 
anterior root of the second premolar. 

The ·molars ~iffer fron1 the premol~rs in not being prismatic in form ; 
their crowns are contracted at the base fore and aft, and distinguished from 
the roots. They are slightly convex on the external side, but present strong 
vertical crests on the inner side. rrhe third and fourth premolars present 

three of these, of which the anterior i"s the incurved anterior margin, but 
the posterior is a branch. The molars are much compressed, especia~ly the 
last. The inner crescents rise in acute points; the external wear flat. There 
are no tubercles- between the bases of the external columns. The enamel 
is finely and obsoletely roughened. 

Measu.rernents. 
M.. 

Length of the molar series. . . . . • .. . . . . . . . . . . . . . . . . . . ... . . . • . . . . • . . . . . . • . . 0. 0565 
Length of the diastema ................................................. ~ 0. 027;) 
Depth at the last molar ..................... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0210 
Depth at the second (first) premolur .• ~. . . . . . • . . . . . . . .. . . . . . • . . . . . . . . • . . . . 0. 0120 
Depth of the diastema at the middle ........ ~... . . . . . . . • . . . . . . . . . . . . . . . .. 0. 0070 
Length of the premolars ......................... , ~. . . . . . . . . . . . .. . . . . . . . . 0. 0210 
Length of the first true molar ................ ~. . . . . ... . . . . . . . . . . . . . . . . . . . . 0. oono 
Width of the first true molar . . . . . . . . . • . . .. . . . . .. . . . . . . . . .. . . • • . . . . . . . • 0. 0050 

Portions of a second individual display similar proportions. 
The n1andibles of the Dicroceru-s furcatus are about the size of those of 

a Sheep. 
Dicrocerus necatus, Leidy. 

Plates lxxxi, figs. 2-6; lxxxii, figs. 2-3. 

Merycodus neca.tus, Leidy, Proc. A cad. Phila., 1854, pp. 90-157; 1857 t p. 89; 1858, p. 
23; Jour. Acad. Pbila., vii, p. 162, pl. xiv, figs. 9-10. 

Oervus ~oar'renU, Leidy, Proc. Acad. Phila., 1858, p. 23; Jour. Acad. Phila., vii, 1869, 
p.172, pl. xxvii, fig. 12. 

Dicrocerus necatus, Cope, Proc. Acad. Pbila., 1875, p. 257. 

This species is represented by the horns of seven individuals, two of 
which pr~sent those of both sides. Each of these individuals includes also 
the inferior dentition, and one of them a part of the maxillary bone, with 
its teeth. The identification of the mandibular rami and dental characters 

23 G R 
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enables me to discriminate more satisfactorily those of the other species 
here described. 

The horns a1·e characterized by but one bifurcation, the beam dividing 
into an anterior and a posterior antler at a distance of about two inches 
above the base. In both horns o~ an individual which are perfectly pre­
served, the anterior division is a little the longer, hence the posterior may 
be called the antler. It is given off and continues in a fore-and-aft plane, 
which passes through the other branch. It presents a gentle convexity 
backward, while the anterior branch is nearly straight. The surface of both 
is marked with shallow longitudinal grooves rather closely placed, while the 
beam is nearly smooth. The latter arises a little within the superciliary nlar­
gin, which is but little promi.nent. The supraorbital foramen issues oppo­
site the inner base of the horn, a little in ad vance of the anterior base. 

Specimen No. 1 includes both horns, the mandibular ramus, which wants 
the first two and the last molars, portions of the sternum, a phalange, etc. 
The section of the horn at the base is an antero-posterior oval, flattened 
behind, but it soon becomes a regular oval. The branches are nearly round 
in section. The teeth are about the same size as those of D. furcatus, but 
are relatively wider. 'rhe fourth premolar is in curved anteriorly, and sends 
inward a middle rib and a prolongation of the posterior side, which unite, 
inclosing an area or fossette. The first true molar has a basal columnar 
lobe between the external columns, but there is none on the second molar. 
The mental foramen is a little anterior to the second (first) premolar .. A 
sternal segment is broad and stout, a little longer than wide, flat on one side, 
and gently convex on the other. The posterior segment perhaps is divided, 
and one of its halves remains. Its inner side near one end is grooved 
obliquely for a blood-vessel. 

.Measurements. 
M. 

Length of the horn.~ ...................•................. ~. . . . . • . . . . . . . . . 0. 140 
Length of the beam ....... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 0. 050 
Length of the posterior an tier. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . .. . . .. . . . . . 0. 07 4 
Diameter of the beam at the base . • . . . . . . . . . . . . . • . . . . . . .. . . . .. . .. • .. . . . • . 0. 016 
Diameter of the anterior branch at the middle. • . . • • . • . . • • • .. • .. . • . • . . . • • . . . • 0. 011 
Length of the five anterior molars, ........... v......... . . . . . . . . . . . . . . . . . . 0. 038 
Length of the premolars. . . . . . . . . . . . .. . . . . . • • • • • . • • . . • . . . • . • • • . • . • . • • • • . • • 0. 017 
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Length of the first true molar.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0086 
Width of the first true molar ........... ~ ......... ft. • • . • . • • • • • .. • • • • • . . . • 0, 006 
Depth of the ramus at the last molar....... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 0. 020 
Depth of the ramus at the diastema . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 0102 
Length of the sternal segment . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 0. 0253 
Width of the same................................... . . . . .. . . . . . . . . . . . . 0 .. 022 

A second specimen embraces portions of both horns, the last premolar 
and first true molars, part of the mandible containing the last molar, 
fragment of sternun1, distal portion of cannon-bone, etc., all indicating a 
rather smaller animal than the last. As in that one, the beams of the horns 
are smooth and without indication of fracture at the base. rrhe principal 
branch is, however, broken off a short distance · above its bifurcation, and 
just below the irregularly-rounded extremity is· surrounded by a burr-like 
osseous ring of considerable prominence, repeating what has already been 
described in the D. furcatus. The molars of both jaws are without basnl 
tubercles between the inner columns. The external side of each of the 
superior true molars presents a longitudinal rib opposite the anterior ex­
tremity of each crescent. Immediately behind the anterior rib in the last 
premolar and the second true molar is a well-marked groove; otherwise the 
external face is plane. The enamel is obsoletely roughened. In the last 
inferior molar, the dentine of the fifth column is continuous with that of the 
two which precede it. 

Measurements. 
M. 

Length of the beam of the horn ....••....•.......• I ••••• I ... e •••••••• ~ • • • • 0. 046 
Diameter at the base .................... _ ..•. ~.. . . . • . . • . . . . . • . . . . . . • • . . . . 0. 015 
Length of the superior m·olars four, five, and six ............... ~.... • • • • . . . . 0~ 025 
Length of the fifth superior molar •...•• ~ ...••....•.••...•••...•... ~..... 0. 0085 
Width of the same...... . • . . . . . • • .. • • • • . . . .. . . . . . . . • . . . • . . . • . • . .. . . . . . . . . . • 0. 0090 
Length of the last inferior molar . • . • • . . . . • • . • . • . . . . . . . . . .. . . . . . . . . . . . . . . . 0. 015 
Depth of the ramus at the same ...... , . . • . . • . . • . • . . .. . • . . . . . . . . . . . . . . . • . . • 0. 020 
Transverse diameter of the distal extremity of the cannon-bone.:.. . . . . . . . . . 0. 016 

· A third horn is of rather larger size than those above described. 
Length of beam om.063; diameter at base om.017. A fourth specimen is 
similar to the second in size and form, but has a prominent osseous rim, or 
simple burr, extending round the beam one-third tbe distance from the base. 
It descends extero-posteriorly, as in the D. furcatus. Length of beam 
om.058; diameter above base om.013. A fifth specimen is similar in char-
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acter; the burr is lowest on the intero-posterior aspect, beiug highest out­
side, contrary to the obliquity in the fourth specimen. This burr is quite 
prominent, and its undivided margin is turned downward. Where a por­
tion is broken away, the surface is quite rough. Length of beam om.058; 

di~meter above baRe om.013. rrhis and the last specimens are the Cervus 
'loarrenii of Leidy. The other specimens are broken off below the bifurca­
tion; none of .them display the burr, nor a rough annular scar. 

A mandibular ramus, of proportions identical 'vith those of D. necatus, 
·presents some peculiarities in the dentition, which lead me to question its 
pertinence to this species. The molars have the stout form, as already 
described, but present some basal intercolutnnar tubercles, which are like 
those of the D. gemmifer. The molars are entirely prismatic, and the last 
one is without the basal tubercles, as I ascertained by removing it fro~ the 
jaw. The tubercles are present between the columns of the first and second 
true molars; in the first, it is so fully developed as to enter into the com­
position of the crown. It here forms, on wearing, a loop of the antero­
external enamel border of the posterior column. The premolars preserved 
(Nos. 3 and 4) present the prominent three folds of.the inner side . 

1lf easurements. 
M. 

Length of the six posterior molars ........... ~ ........................... ~ 0. 050 
Length of the true molars ..... , ..........................• ~ .•..•.. :. . . . . . . 0. 036 
Length of the first true molar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 009 
Width of the same.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . • . . . . . . . . . . . 0. 006 
Length of the lust true molar ...................... ~ ......... , ... . . . . . . .. . . . 0. 016 

. On the dentition of this individual I originally discriminated the D. 
ramosus, describing also portions of the D. fiwcatus. Should it prove to 
belong to a distinct species, the former name ma.y be preserved for it. 

Dicrocerus teres, Cope. 
Plate lxxxi, fig. 7; lxxxii, fig. 6. 

Dicrocerus teres, Cope, Proc. Acad. Phila., 1875, p. 257. 
Oosoryx teres, Cope, 1. c., 1874, p. 149; Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 

This Ruminant is known fro1n the upper portion of the cranium support­
ing the broken horns of a single individual. This indicates a species of per­
haps double the proportions of the preceding ones, equaling, in the size of the 
corresponding pa:rts, the Virginia Deer. In various respects, it differs f1·om 
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the species above described, and its reference to this genus is provisional only. 
The horns have a compression in the proximal portion like those of the 
other species, and may very possibly be divided in the same manner at a 
point beyond the portion of the beam exhibited by the specimen. 

The horns stand irnmediately above the orbits as in the Antilocapra, Lut 
while they present a face outward, they present a still wider one backward 
to the zygomatic fossa. This is due to the fact that there is no oblique 
horizontal crest connecting the orbit with the parietal region7 as in the Deer 
and Sheep, the postorbital process descending directly from the base of the 
horn. The parietal region is rather n1ore contracted than in either the 
Sheep or Deer, while the frontal region is expanded and slightly concave 
in the transverse direction. There is no free superciliary border at the base 
of the horn, as in D. furcatus and D. necatus. The section of the beam near 
the base is a regular oval, the long axis directed longitudinally and a little 
outward ih front. The beam is erect, with a slight curvature outward. near 
the base. The tissue is rather 1nore spongy than in the species na.n1ed. 
The supraorbital foramen is large, and issues near the anterior inner base 
of the horn. ".rhe interior face of the parietal bones displays the impression , 

of three superior longitudinal convolutions of the cerebral hmnispheres. 
]}[ easu,rements. 

. l\1. 

Outer width between the bases of the horn-cores . . . . . . . • . . . . . . ... • . . . . . . . . . . 0. 112 
Inner width between the bases of the horn-cores . . . . . . . . . . . . . • . . . • • . . . . . . . . 0. 055 
Width of the temporal fossa behind the horns ..... 0 0 ...••..•..•.••. ~ ..• 0... 0. 053 
Long diameter of the horn-core ..•..................•...... ~... • . . . . . . . . . . . 0. 028 

· Sl.Jort diameter of the horn-core .....................•...... 0 ••••• 0. • • • • • • • • • 0. 021 
Leugth of the part preserved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 033 

Dicrocerus trilateralis, Cope. 
Plate lxxxi, fig. 8; lxxxii, figs. 7-9. 

rl'his species is the largest of the Deer-antelope here described, portions 
of the jaws and teeth equaling in dimensions corresponding parts of the 
Red Deer ( Cervus elaphus). I discovered. the bones lying on a gentle slope 
of sandy rock in three little collections, each two feet from the others, and 
in a straight line: in one of these were found portions of the pelYis and ster­
num and a fragment of a horn; in another, portions of the mandible, with 
teeth; in the third, fragments of ribs. They are all in the clue proportion 
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of the parts of a single skeleton, and the horn, symphysis, and teeth cOln­

cide with the type of Dicrocerus, and differ from that of any other genus of 

Ruminants which I found in the san1e formation. 

The horn fragment measures four and a half inches in length, and is 

rather slender, and gives no evidence of branching. It is probably a por­

tion of a branch, or of the beam above the bifurcation, since its dian1eter 

is less than that of the beam proper of the D. teres. It is slightly curved · 

in one direction, and its section at one extremity is that of an isosceles 

spherical triangle. At the distal extr~mity, the form is n1odi:fied, so that the 
section is nearly round. The dense layer is thickest at the base, while the 
distal portion is almost .entirely occupied by coarse cells. The external 

surface is smooth. 
The distal part of the mandible is quite narrow and produced. The 

symphysis is not coossified, is rather strong, and the inferior face is strongly 

convex. ':rhe canine teeth are in the uninterrupted series with the incisors, 

and, judging from their basal portions, have the same size and direction. 

There is no indication of first premolar in the diastematic border for an 

inch (as far as preserved) behind the canine, nor for half an inch farther on 

the opposite side, where the inner half of that edge is preserved. The teeth 
preserved are fragn1entary, and belong to different positions. They show 
that the premol~rs were compressed, as in the other species, and that the 
true n1olars had no intercolumnar basal tubercles. The frag1nents of the 

latter display the size of the species; the long diameter of an external cres­
cent being om.014, giving for the antero-posterior diameter of the last molar 
om.038. '"fhe enamel is nearly smooth. 

The ribs are stout, and one of them exhibits a large tubercular facet. 
'"rhe pieces of the pelvis preserved are both acetabula and the symphyses 

pubis and ischii. The former are a little larger than those of an adult 
female Cervus elaplnts, but the walls are a good deal stouter. The symphy­
Heal portions differ frorp those of C. elaphus in superficial extent about as do 
the acetabula, but are much more robust, being at least three times as thick, 
and thoroughly coossified. Both pubes and ischia present a median keel-like 
tuberosity downward. The ischia diverge outward and backward, as in 

other Ruminants. 



AHTIODACTYLA. 359 

Measurements. 
M. 

Longer diameter at the base of the fragment of the born . . . . . . . . . ........ ~A. 0. 020 
Longer diameter at the distal end of the same ...........•.. w. .. ........ ~.. 0. 016 
Length of the symphysis mandibuli .•. ~ ...... ,... • . . . . . . . . • • . . . . • • . . . .. .. . 0. 048 
Transverse diameter at the middle.... . • • . . . .. . . • .. . .. • . .. . .. . • . . . . .. • . . . . . 0. 020 
Length of the dentigerous portion ................................. ,. • . . . .. 0. 025 
Diameter of the rib below the tubercle.............. . . . . . .. . . .. .. . • .. . .. . . . 0. 023 
Length of the tubercle of the same .. • • . . . . . . .. . . . . .. . • . .. .. . . . . .. . . .. . . . . .. 0. 022 
Diameter of the acetabulum . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 045 
Vertical diameter of the symphysis pubis ............. y.... . . . . . . .. . . . .. .. . 0. 028 
Vertical diameter of the symph~·sis ischii . • . . . . . . . . . . . • .. . . . . . . . . . . . . . . . . . . . 0. 026 
Width of the ischium from the obturator foramen to the posterior bifurcation. 0. 038 
Transverse diameter of the sa~ral centrum anteriorly . . . . . . . • . . . . . . . . . . . . . . . 0. 045 

These remains indicate a robust animal, b~aring the relation to the 
D. teres that the Red Deer does to the Virginian Deer. The ma.terial pre­
served renders it probable that the horns differ in form from. those of D. 
teres. 

Dicrocerus tehuanus, Cope. 

Plate lxxxii, figs. 10-' 12. 

Several mandibles, found in the same deposit as the species already 

described, show that an allied form existed of smaller size. The jaws differ 
among themselves in size, so that it is not entirely certain that they ~tll 

belong to one species. I have selected as typical a portion of a right ra1nus 
which displays the least dimensions. 

This fragn1ent .supported the first four molars. Those which rmnain 
are well worn, indicating maturity. The ramus has the proportions of that 
of D. necatus, with the portion at the posterior part of the diastema similarly 
stout. The mental foramen is well in advance of the second (first) premo­
lar. Length of premolars om.Ol6; of first true molar om.Q076; depth of 
ramus at first true molar om.013. The posterior part of the ramus of the 
same side accompanies the anterior part. It is not certain that it is part of 
the same ramus. Its dimensions are thos.e of D. necatus. Length of tooth 
om.o 155; width om.0058. 

In a second specimen, which displays corresponding parts, with the, 
addition of the second true molar, the length of the premolar series is a 
little greater, viz, om.017; length of secon·d true molar om.OlO; depth of 
ramus at first true molar om.012. 

A third specimen is a large part of a right ratnus supporting all but 
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the first two premolars. This specimen exhibits the smaller dimensions of 
the true molars, the three occupying the space of the last two of D. necatus 
and D. furcatus. They are rather wide, and without accessory tubercles. 
The premolars are larger than those of either of the specimens above 
described. 

Measurements. 
M. 

J.Jength of the last four molars . .. . . . . . . . • • • . . . . . . . . . . . . . . . . • . . . . . . . • . . . • .. 0. 036 
Length of the last premolar h. u •••••••••• ·..... • • • • • .. • • • • • • • • • • • • • .. • • • • • • 0. 007 
Length of the :first tl'ue molar .......... u........... . .. . . . . . . . . . . . . . .. .. . . 0. 0074 
Width of the sarne.... . . . . . . . . . . • . . . • . . . . . . . . • • . . . . . . • • . . . . . . • . • • . • • . . . . . 0. 006 
Depth of the ramus at the first true molar ........ "....... . . . • • . . • . . . . . . . . 0. 013 
Depth of the ramus at the last true molar ............ , ................. ·... 0. 020 

Dicrocerus gemmifer, Cope. 

Plate lxxxii, fig. 13. 

Merycod'ltS gemmifer, Cope, Ann;· Report U. S. Geol. Surv. Terrs, 1873, (1874), p. 531; 
Bu11etin of do., Jan., 1874, p. 22, partim. 

A portion o( the right mandible supporting the posterior molar repre­
sents this species in the collection made near Santa Fe in 187 4, which is 
the part previously discovered by myself in Northeastern Colorado. With 
the latter were described some other specimens, which probably do not· 
belong to the sa1ne species. This n1olar is tfie least obtained, and is more 
Deer-like than any of the othArs. This is seen in the short crown con­
tracted at the base, and well defined rather long roots. There is an 
elevated basal cone between the first and second columns, and an angulate 
cingulum in front of the latter. The lake between the two median cres­
cents continues inward and backward to the inner face of the crown as 
a fissure, which prevents the fusion of the inner and fifth lobes of the 
crown, except· on prolonged attrition. A trace of the same is seen in the 
more fully-worn type-specimen from Colorado. Enamel obsoletely rugose. 

Jlf easu.rements. 

Long dian1eter of crown ................................................... .. 
Short dian1eter of cro\vn . . . . . . . . . . . . . . . • . . . . . . . . . ...................... . 

M: 
0.012 
0.0055 

As already remarked, I suspect that this species will be found to belong 
to a genus distinct from Dic1·ocerus. 
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REVIEW OF THE VERTEBRATE FAUNA OF THE LOUP 
FORK EPOCH. 

The thirty-tw·o ascertained species of the Santa Fe m~rls are distributed 
into orders as follows: 
REPTILIA • • • • • • • • • • • • •••••••.••••••••••••••••••••••••••••••• ·• • • .. • • • • • • 2 

Testudi nata • . . . . . • . . . . . • • . . . . • . • • • • • . . • . • . . . . . . . • . . • . • . . • . . • . . . . . . 2 
AVES • • • • • • .. • • • • • • .. .. • • • • • • • • • • • .. • • • . • • • • • • • • • . • . • . • • • • • • • • • • • • • • • • • • • • • 3 
M.A.MM.ALIA • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • .. • • • • • • • • • • • 29 

Rodentia .............................................. ~ . • . . . . . . . • . . . 4 
Proboscidea ............••.............•.••..•..•..... ~..... . . . . . . . . 1 
Perissodactyla .•••••.•..•.....•..•.. , •• ~ • • . . . . . • • . • • . • . • • . • . • . . . . . . . 6 
Artiodactyla . . . . . • • • . . . . .. .. • . • . . • • . • • • • • . . . . . . . . • • • .. . . • . . . • . . . . . . . . . 11 
Carnivora . . . . . • . • . . . • . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Incertre sedis . . . . . . . . . . . . . . . . • . • . . . . . . • . . • . . • . . . . . . . . . • . . • • • . . . . . . • 2 

. . 34 

The absence of Fishes and Crocodiles is a notewor~hy feature, and is 
true of other deposits of t~e same age in Colorado and Nebraska. This 
fact, especially the absence of remains of Fishes, suggests that the formation 

is that of a marsh, and not of a lake.. This view is confirmed by the nu­
merous vertical streaks, or rods, of a white calcareous mineral, which pene­
trate the soft rock in many places. These resemble the tubes formed by c 

the decay of roo~s of a marsh vegetation, or by the borings of mud-loving 
animals. 

This fauna has now been studied in three widely-separated localities 
in the region ~est of the Mississippi River. It was first discovered by· 
Dr. Hayden, whose collections furnished the basis of Dr. Leidy's deter­
minations in 1858.* It was next observed by myself in Col.orado in_1S73,t 
and twenty-:-one species were determined; and, in the following year, I 
identified the Santa .Fe marls of New Mexico, already observed by Dr. 
~ayden, with the same horizon.t There is a n·ear lithological resernblance 
b~tween the strata at these localities, and the fauna presents a common 
character as distinguished from those which preceded and followed it. The 

• See Proc. Acad. Nat. Sci. Phila., 1858, p. 20, and Extinct Mammalia of Dakota 
and Nebraska. 

t Bulletin of the U. S. Geolog. Surv. Tens.~ No. 1, Jan.7 1874. 
fAnu. Rept. Chief of Eugiueers, 1874, ii, p. 603. 
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difference between it and that of the White River beds which underlie it 
in Nebraska and Colorado is far less important than that which distin­
guishes the latter from the older Eocene fauna. The orders of Mammalia 
characteristic of the Eocene are not present in either the White River or 
Loup Fork deposits, which contain, on the contrary, representatives of the 
orders at present existing in the Northern Hemisphere, Africa, and, to a less 
extent, South America. The distinctions between the two later faunre are 
found in subordinate modifications of these orders. It is, however, true 
that Insectivora and Quadntmana, observed in the White River beds, have not 
yet been found in those of the Loup Fork epoch, while Proboscidea, which 
are abundant in the former, are unknown in the White River period. The 
latter distinction is likely to be maintained, as our knowledge of the White 
River fauna is the more complete. The following table represents the pecu­
liarities of the two faunre by contrasting the corresponding forms of each 
order: 

Carnivora. 

.Artiodactyla. 

Perissoda.ctyla .. 

White River. 
J\Iachaerod us. 
Dinictis. 
Hoplopboneus. 

Bnnaelurus. 
Canis. 
Amphicyon. 

Poebrotherinm. 
Hypisodus. 
Hypertragulus. 
Leptomeryx. 
Oreodon. 
Leptauchenia. 
Agriocbrerus . 

. Hyopotamus. 
Elotherium. 
Pelonax. 

Loup Fork. 

Pseudaelurus. 
Mustela. 
Canis. 
Ampbicyon. 
Tomarctus. 
Aelurodon . 

Dicrocerus. 
Pliauchenia. 
Procamelus. 

Mer~cbyus. 

Protohippus. 
Hi ppotberium. 
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White River. Loup Fork. 
Ancbitherium. 
Hyracodon. 
Aceratherium. Apbelops. 
Menodus. 
Symborodon. 

Palreolagus. 
Eumys. 
Heliscomys. 
Gymnoptycb us. 
Ischyromys. 

Panolax, 
!Eumys. 

Steneofiber. 

Dr. Leidy, in his work on the Extinct Mammalian Fauna of Dakota 
and Nebraska, enumerates several genera of the existing· fauna as having 
been discovered by Dr. Hayden in the Lonp Fork beds. Such are Hystrix, 

Castor, Equus, and Dicotyles. Ma~y of the specimens referred to this epoch 
are stated to have been derived from the sands found along the banks of 
the Loup Fork, which are composed of sediments of a mixed character, some 
of the specimens being, in -Dr. Leidy's opinion, of Quaternary age, and 

others, especially some referred to Canis and Equus, belonging to existing 
species. I possess a specimen of a cranium of a Thomomys from the sands 
of the Big Blue River, l{ansas, which, in like manner, I am unable to dis­
tinguish from an existing species. These sands are probably the deposits 
of more than one epoch, being primarily derived from the bluffs and mesas 
of the true Loup Fork formation, carried to_ the lowest level, and inclosing 
remains of species _of Quaternary and those of modern age. These reflec­
tions are not due to my own exan1inations of the region in question, which I 
have not visited, but for the following reasons: 

The fossils of this epoch fro1n Colorado and New Mexico which I 
have described were all found in place "by myself, and excavated by my 
own hands or in my p:esence. ~he specimens are numerous, especially 
those from Colorado. I have not found the modern genera above men­
tioned as enumerated by Dr. Leidy, nor any others of modern or Quater­
nary ~haracter. On the contrary, the result has been to isolate the Loup 
Fork fauna from the Quaternary as well as from the White River epochs. It 
includes three existing genera of Mammalia only, one of which, Canis, 
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occurs in the White River beds also; three genera only are common to the 
two beds, as indicated by d~ntal characters of the lower jaw only. 

Dr. Leidy identified this horizon with that of the European Pliocene, 
with reservations expressing doubt as to actual synchronisn1, ai1d they have 

been so called by subsequent writers. But the omission of the genera 
above enumerated makes an important difference, and the additional forms 
discovered have increased the resulting greater antiquity of the facies. 
Steneojiber, formerly referred to the White River beds, probably belongs here. 
The supposed Cervus turns out to be a Dicrocerus of prior geological exist­
ence; the Mastodon is a near ally of a European species cotemporary with 
the genera mentioned, while one of the Dogs at least is of an ancient type. In 
view of the entire appropriateness of the association with the~e of several 

of the genera already known, I rmnarked * that "the smaller percentage 
of existing genera in the Loup Fork beds, with the persistence of an Oreo­
dont (Merychyus), indicates that these also should be placed anterior to the 
Pliocene of France". Still later I referred to them as follows: t-'' The facies 
of the fauna of this horizon throughout the 'Vest, including, as it does, 
Amphicyon, Dicrocerus, Hippotlwrium, Aceratherium (Aphelops), Mastodon, 
nearly allied to M. angustidens, etc., etc., more nearly resetnbles the upper 
~liocene of Europe than the Pliocene of that continent." In confirmation 
of this view, I may take up the genera of the list above given, and show 
their stratigraphic position in Europe :-Pseudcelwrus, Miocene, San san, Gers.; 
M ustela, Middl~ Miocene and upward (Bronn); Canis, Miocene and 
upward; Amphicyon, Middle Miocene (Bronn); Dicrocerus, l\fiddle Miocene 
or Helvetien (Renevier); Hippotherium, l\1iddle Miocene and Pliocene; Mas-· 
todon (type of) angustidens, Upper ~fiocene, Tortonien (Renevier); Steneojiber, 
Miocene (Bronn). The proper discrin1ination of the Pliocene fauna of 
North America remains to be accomplished, although 've are doubtle·ss 
already acquainted with fragments of it. Its existence was terminated by 
the Glacial epoch, which separated it from the southern fauna, which occu­
pied the continent after its close. 

A decrease in the abundance of Vertebrate life in North Arnerica from 

* Ann. Report U. S. Geol. Sur. Terrs., 1873, p. 462. 
t Proc. Phila. Acad., 1875, p. 257. 
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the Eocene period is revealed by paleontology. The fauna of the Eocene 
was the richest in all respects; that of the ·White River epoch was less 
prolific, though much more so than the present period; the Loup Fork 
epoch exhibits a great reduction of both species and genera. But this 
din1inution of numbers was accompanied by greater specialization of struct­
ure, variety bei~g gained while abundance was lessened. An· exception 
must be made in the case of the Carnivora, for the saber-toothed Tigers have 
n.ot yet been observed in its deposits. But the elimination of Elotherium, 
most of the Oreodontidce, of Hyopotamus, and of Poebrotherium, and their 
replacement by Camels and Merychyus, is a case of the substitution of more 
for less specialized genera. The case is still stronger in the Perissodactyla, 

. . 
where the types with half Bunodont dentition (Anchitlwrium, Titanotherium, 
etc.) are dropped, and three-toed Horses, with the tnore complex Seleno­
dont teeth, are introduced; and the Rhinocerotic forms with full incisors 
(Hyracodon) or prerholars (Aceratherium) are represented by a genus 
(A.phelops), ·with both reduced by one degree, and in so far approaching the 
most specialized recent genera. vVe rnay then safely maintain that, in the 

lapse of Tertiary time in North America, decrease in the num her of specific 
and generic forms of Mammalia was accompanied by increasing specializa­
tion or perfection in those that remained. 
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I>icrocerus ........................... 346, 350, 362 corsonii. .. .. .. . .. • • • .. .. • . . .. . .. 58 

furcatus • • . • . . • • • • • • • • • . . . . . . . . . 350 Heliscomys . . . • . . • • • • • . . • . . . . . • • . . . . • • • . . . 363 
necatus ........................ 850, 353 Hippotberium ............................ 321, 362 
tehuanuR .............. o ....... 350, 359 calamari urn ............ ; • • .. 321 
gemmifer ..... o· ............... 350, 360 speciosum .. • • .. .. .. • . • .. .. .. 322 
teres •••••••••••••••••• 0. • • • • • • • 356 Homo • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • 72 
trilateralis . .. .. • • .. .. .. .. .. • • .. • 3.1)7 Hoplophoneus .. . .. • .. .. .. • • .. .. . .. • .. .. .. 362 

Didymictis ••••••• ~ ........ 72, 75, 79, 87, 89, 90,123 Hymnidm ....... ...... .... .... ...... ...... 75 
pro tenus ....................... 7 4, 123 Hyrenodontidm. • .. • • • • . .. •• • • .. . • • • .. .. • • • 75 

Dinictis ................................... 362 Hyrenodon ..•••••.•••••.••.•••••.•••....• 89,90 
Dinocerata ·····•••o••• •••••••••••••• 182,273,~2 leptorhynchus................... 0 B9 
Dinosauria ••••••••••.•••..••••••••.• 0.... 9, 31 Hyopotamus .•••••••.•••••••••••••••• o • • . • 362 
Di my aria ......... o • • .. • • .. .. .. •• • • .. .. .. • 11 Hyopsodus ............. o o ....... 7 4, 80, 86, 135, 150 
Di plocynodus......... .. • • • • • • • • .. • • • • • • • • 60 miticulus....... . .. • • • • .. • . .. .. • 150 

spbenops .. .. .. • • • .. • • .. .. • • 60 Hypertragulus .. .. .. • • • • .. .. .. • .. • • .. • .. .. 362 
Dystrophmus viremalm ...... 0.. .... .... .... 31 Hypisodus.. .... .... .... ...... .... ...... .• 362 
Ectoganus .••••...•.•••••..••••••.••.••••. 87, 158 Hyracbyus.... .••••• .••••. •••••. .••... ••.• 267 

novomehicanns . • • • .. • .. • • • • .. • • 159 singularis • • • •• • .. .. . .. • .. .. • • .. 267 
gliriformis • • • • • • . . • • • • . • • • • • . • . • 160 Hyracodon . • • • • • . • • • • . . • • • . . • • • • . . • • • • • • . . 363 

Edentata .•••••••••.•••••••••••••••••••••• 78, 86 Hyracotberium .•••••.•••.•••••••.••••.••. 258, 271 
Edncabilia. ••• ... ••• .. •••• .... •••• .... .... 

0 

86 tapirinum ................. 262, 263 
Elepbas primigenius var. columbi...... •.•• 25 vasacciense ............... 262,264 
Elotherium • ... ........ ...... .... .... .... • 362 sylvaticum... •••. .. .... .. .. 262 
El Ri to .. .. .. • • • • .. .. • • .. • .. • • • .. .. .. .. • • . 24 angustidens ............... 262, 265 

Creek . • . • . • • • • • • • • • • • • • • • • . • • • • • • • 21 index . . • • . • • • • . • • • . • . . • • • • • 262 
Em buda Creek .•••••.••.••••...••••.•••• 0. 21 t species. • • • • • • . . • • . • • • • • • • • 262 
Emys.... • . • . . • • • • • • • • • • • • • • • •• • • • • • • • • • • • 53 procyoninum . • • • . • • • • • • • •• • 262 

latilabiatus. o... . . . . . . . . .. . . . . . . . . . . . 53 agile .••••••••••••••••••••. 262, 267 
cibollensis .. • .. • .. • • • • • • • • • • .. • • • • • • • • 67 cuspidatum •0 

•••••••••••••• 262, 267 
Entomophaga...... • • • • • • • • • • • • • • •• • • • • • • • , 85 Indris ..••••.•••••.•••••••••••••••• ~ • • • • • • 78 
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obscurus .................. , ...... 24 
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Mesonyx...... . • • • • • . • • . • • • . . • . • • • . . . . . • . . 7 4, 89 
Mesozoic beds ...................... 1, 10, 12, 14, 24 
Metalopbodon. . . . . . . • • . • . • . . . . . . .. . . . . . . • . 250 
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congesta . . . . . . . . • . . . . • • . . . . • . . • • . . . 5 
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Palmolemur...... . . . . • • . . • • • • • . . • • • . . • . . . . 82 
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Palreouyctis ........... ~ ............... 88, 89, 271 
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Panolax .•......•.....•••..•••••.•••..... 295, 363 

sanctrefidrei • • • • • . • .. . . . .. .. .. . . .. 296 -
Pantodonta .•.....••.....•... 182, 187,269,273,282 
Pantolestes ........................ 7 4, 80, I34, 145 

cbaceusis . .. . .. .. . . . . • .. . • .. .. . 146 
Patriofelis . . . • • . .. • . .. . .. . .. .. .. . .. . . . . . .. 89, 90 
Pelonax........ .. . .. . . .. . . . . . . . • . . . . . . ... . 362 
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Phascolomys . • • . • . . • . . • . . • . • • . .. .. . . .. .. .. 76, 85 
Phenacodus .............................. 17 3, 273 

omnivorus.... . . . . . . . • • . . . . . • . . 178 
primrevus •• ... • •• . • . . .. • . • . . . . 174 
sulcatus .. .. . . . . . . •• • . • . . . . • . . . 179 

Pbysa . . • • . . . • • . . . . . . . • . . • . . • • . . • • • . . • • • • . 25 
Picuris Mountains...... . • . • .. . • . . . . . . . . . . . 20 
Pisces ......••••.•...•••••••..•..••••.. 26, 37, 2G9 
Placita Creek .. . • . . .. • • .. • • . .. . .. • • • . . .. . . 25 
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Mystomys . . • • . . . . • . • . . • . • .. . • . . . ... . . . . . . . 88 Planorbis . . . . . . . • . . . . • . • . • . . . . • • • • . . • •• . . . 25 
Mytbomys . . • . . . • . . • . • • • • . . • • • • . . . • . . . • • . . 78, 79 Plastomenus . • • • • . . . . • . . . • • • • . . • • . . . . . . . . . 47 
Nacimiento ....... ·-- ..................... 10, 16 communis .....•...•••••....... 48, 50 

Mountain ................. 6,10,11,16 corrugatus...... .............. 48 
Notharctus ............................... 80, 1:J5 fractus . . • • • • . . • .. . . • • • . . . . . . . 48, 49 
Nutria Creek.............................. 3 lachrymalis ................... 48,51 
N ycticellinre . • • • . . . • • • . • • • • • . . • • • . • . . .. . .. 78 multifoveatus ............ ~ .... 48, 49 
Ojo Caliente Creek . . . . . . • • . . . . . . • . . . . .. . .. 21 serialis •••. ~..... . . . • • . • . . • . . . 48, 51 
Ojo de San Jose .. . • • . . . .. . . • . • . . . .. . . .. .. . 16 tr~onychoides . • . • • . . • . • • . . . .. . 48 
Omomys ...•.. :. . . . . . . . • . . . . . . . . . . . . . • • • • . 134 mdemius .•• ~ •...••••..••. w. • • • 48 
C>pisthotomus ............................ 13o, 151 Plesiarctomys.... .. . . •• • •• . . . . • .. •• . •. . .. . 170 

astutut:~. .... .... . ... •.. •••••. 15! buccatns .•••.. •... ....•. .... lit 
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Procyon .................................. 73,86 
Prosimire .. " •.................. 75, 78, 79, 83, tl.\ 86 
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Rio Cbama .. " ..................... 1, 4, 5, G, 21,23 
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Rio Grande............................... 21 
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1:\an Jnan River............................ 15 
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Santa Cruz............................... 23 
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Tillodou tia ............... 83, 84, 85, 86, 87, 273, 2H1 
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Ttias ....................... 1, 4, 6, 7, 8, 9, 10, 12,23 
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ventricosus .... .... .... ..•••. .••.. 45 
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coccinarum .. • . • . . . . . . . . . . . . . .. 9, 30 
Uintacyou . . . . . . . . . . . . . . . . •.. . . . . . . . . . . . . . . 90 
Ungulata,................................. 80 
Unio cristoneusis...... .. . . • . • . . . . . .. . . . . .. 9 

gallinensis .. . . • . . . . . . . . . .. .. .. .. .. .. . 9 
tetTmrubrro .... .. ...... ...... .. .. .. .. 9 

U rsns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
americanua . . . . .. .. .. . • . . . • .. . . . . . . . 73 

Vertebrata .......................... 15, 22, 24, 81 
Vi verridm .. . . . . .. ................... 73, 7 4, 78, 89 
Vultur.... ...... ••... ...... .... .... ....... 287 
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PLATE XXII. 
Chiefly Triassic fossils, natural size.. 

FIG. 1. Part of tlw right maxillary bone of TfJpothorax coccinarum, outer side: a, vic w of posterior tmd of 
the fragment; b, inferior. side; c, internal or sutural side, displaying suture for the suc­
ceeding bone at the rigllt superior angle. Page 30. 

FIG. 2. :Fragment of a vcrtcbm found with the preceding specimen, from below: ·a, articular extremity. 
l,JG, :J. l,rngment of bone with articular condslo fonud with the preceding, side view: a, extremital 

view. 
Fm. 4. Portion of dermal scutum found with tbc preceding. 
l,IG. 5. Portion of nnother dermal bone found with the preceding. 
FIGs. G-U. Brolwn or entire dt•rmal bones found at another locality in the neighborhood of tlle specimcml 

fi~ured from No.1 to No.5: views of sections marked a. 
:FIGs. 10-12. Coprolites from the same locality as Figs. G-9; Fig. 12 l!lplit, displaying in its interior Ilwm­

boganoid scales of fishes . 
. FIG. 13. Tho broken crown of a to0th found in the same locality as specimens Figs. G-12, tlle unworn 

side: a, posterior side; b, section from belo\v. 
FIG. 14. Vertebra of a sn pposed Sauropterygian, from another locality in the same neigh uorlwod, aud from 

the side: a, articular extremity ; b, inferior view. 
FIG. 15. Part of the crown of a tooth of a ~arnivorous Dinosaurian from near the locality of Fig. 14, con­

case side; a, cutting-edge; b, sect.ion of inferior view of fragment. 
Fws. lU-17. Teeth of Sharks from Cretaceous ~o. 3 or 4, on the Galliuas Creek, between the Triassic and 

Eocene bau-lau<ls. 
Fws. Hi, Wa. Galeo._udo. 
Fws. 17, 17a. Otodus. 
Fws. 1t!, 19. Shad{!:!' teeth from the IJa<l.lu.nd!:! of tlH~ Eoecne. 
h'ws. lH. Hla. Oltlrocerdo priHlodoutus. Pnge 3~. 
Fws. l!l, lUa. '? Otodus. Page :~8. 





PI_jATE XXIII. 

FIG. 1. Syllrumus lat.ifrons Cope, natnral size, seen from above. The body behind the dorsal fin is uroken 
oft'; la, the same from uelow. Tho uody is distorted by pressure, so that the line of mucous 
pores of the riglJt side is visible in this figure. Page 27. 

PIGs. 2-9. Unios from the 'frius of the Ga.lliuas, obtained with the Sanrh\!JS fi~uretl on Pl:.1te I, and de­
scribed by Mr. Meek in the Annual H.eport of J_.Jientenaut Wheeler for 1R75, Appendix G 1, 
page 88. Natural size. 

Fws. 2, 2a. l]11io (Jristonensis. Page 9. 
FIGS. 3, :3(~, 4, 5. Unio cristonensis. 
FIGs. 6, 6a. Unio gallinensis. Page 9. 
FIGs. 7, 7 (t. Unio terrrurullrru. Page a. 
FIGs. 8, 8(~, 9, 9a. Unio of undetermined species. 
Fws. 10-29. Cranial bones, \'crteun.o, and scales of the typical specimen of Clastes aganus, natural size. 

Pnge 88. 
FIGs. 10-14. Basioccipital bono and dorsal vertebrw, seen from uelow, with two interruption::~. 
FIG. lOa. Basioccipital bone, posterior view. 
FIGs. II a, 12a. Posterior views of vertebrw 11 and 12. 
FIGs·. 12b, t:~b. Anterior views of vertebrrn 12 and 13. 
Fws. 15-:20. Cranial bones, from above; a, from below; b, edge or sutural view.· 
FIG. 2l. :Fragment from scapular ilrch. 
FIGs. 22-29. Scales of tho same speci:11en; a, inferior views; figs. 22-25 pierced uy lateral line. 
FIGs. :::0-31. Scales and bone of Gar found together, natural size. · 
FIG. :)0. Portion of the dermal armor of the right side. 
FIG. :n. An opercular bone. · 





FIGs. 1-15. Parts of the skdeton of a single iiHlivillual of Clastes inte[JC1', natural size. Page 41. 
FIG. 1. Part of right sca.pnlar arch, exterual view. 
FIG. 2. Part of left side of superior cmnia.l wall, with free margin, superior view. 
Fw. :3. Another and smnller superior cmuial borre, from above: a, sutural odge. 
FIG. 4. First vertebra, anterior face. 
l•'w. 5. A douml vertebra, from he1ow. 
FIG. H. A caudal vertebra, right side: a, from below. 
Fw. 7. A more posterior caudal, lat.eral view: a, iufel'iot· view. 
FJG. 8. An osseous fin-ray, fragment, anterior view: a, posterior side; b, l:lection. 
FIGs. 9-15. Scales; 9-10, pierced by the lateralliue: a, interior views; b, edge view. 

·FIG. 16. A dorsal vertebra of a secoud apd smaller individual of Clastes integer, from the inferior sido: a, 
from the left side; b, the posterior articular surface. 

FIGs. 17-31. Fragments of fom individuals of Dermatemys costilattts, natural size. Pigs. 17-20 belong to 
No. 1; 21-22, to No 2; 23-25, to No.3; and 26-:H, to No.4. Page 5~. 

FIG. 17. Part of a vertebral bone, superior view. 
FIG. 18. Part of a vertebral bone, superior view. 
FIG 1!.). Part of a costal bone, superior view: a, ellge view. 
l•'w. 20. Part of a costal bone, superior view: a, edge view. 
l!'IG. 21. Part of a costal bone, .superior view: a, edge view. 
FIG. 22. Broken vertebral bone, from above. 
Fw. 2:{. Part of a costal bone, from above. 
FIG. 24. Anterior part of a vertebral bone .. 
l!'IG. 25. Posterior part of a vertebral bone. 
FIG. 2fl. Part of the margin of the plastron. 
FIG. 27. Part of a costal bone, from n,bove. 
FIG. 21:;. Th~ same costal, from below. 
FIG. 29. Half of a marginal bone, from above; a, the sutnml edge. 
FIG. 30. Costal with suture for ascending process of pla:::Jtron, from a \Jove: £t, from below. 
FIG. 31. Part of left episternal, from above. 
FIG. 32. Fragment or section of the shell of Baena al·enosa, from above. Pago 52. 
FIGs. ~~3-35. Caudal vertebrm of a tottoise, descl'i1J<.1d on page 4:~, lwlongiug to a siugle animal, natural 

size: a, anterior view; b, posterior; c, superior and inferior view.'!. 
l!'IGS. 36-39. Fragments of Hadriani, one-half natural size. · 
Fw. 36. Posterior process of right postabdominal bone of Haclriann.-3 cursonii: lt, inner mlge; b, iufcrior 

side. Page 58. 
l•'IG. 37. Corresponding part of a.nother Hadrianw~, the inner portion broken away; a, view of t.bo uwken 

inne~ edge. 
FIG. 38. Posterior process of lt~ft postabllominal bonb of another Hadrianus, from aiJove. 
FIG. 39. Right episternal, media.n part of anterior borue~ of anterior lobe, inferior siuo. 
FIG. 40. Scale of the lateral line of a specimen of ClaHtes; a, the opposite side of the same scale, which is 

split in its vertical plane, exhibiting the .direction of the perforating canal. 
~"'IG. 41. Scale from the anterior region of another Clastes. 





PL.A.'rE XXV. 

PIGs. 1-6. PlastomenuB comnmnis, tliffereut iudivitlnals, two-thirds uatuml ~:~ize. Page 50. 
I•'IG. 1. Typical specimen ; a series of costal bones, who~e positions are conjectural; a, au cdgo view of 

the l':!econd from the top; b, inne'r portion of the left hyosternal. 
JJ'ro. 2. A posterior costal ·bone of another individual; a., edge view. 
}.,IG. 3. A costal bone of a third individual. 
FIG. 4. Distal part of a costal bone of a small and perhaps immature individual; a, edge of the same. 
PIG. 5. Part of a costal bone of a specimen of var. I ; a, edge view of the same. 
}.,IG. 6. P.art of costal bone of a second individual of var. I; a, edge view. 
FIG. 7. End of costal bone of type-specimen of Plastontenus tach1·ymalis; a, the edge view; b, fragment 

of another costal of the same carapace, natural size. Page 51. 
FIGs. 8-10. Broken costals of Plast(nnenus serialis, natural size ; page 51. 
J!'IG. 8. From one individual; 
FIG. 9. From a second ; and 
J!'IGs. 10-lOa. From a third specimen. 
:1!'1 G. 1l. Plastomenus mttltifoveafu:J; part of a costal bone, natural size. Page 49. 
}'IGs. 12-19. Plastomenusfractus, fragments of one individual, uatural size. Page 49. 
FIGs. 12, 18. Proximal ends of costals. 
l!'IGS. 13-16. Middle portions of costals. 
FIG. 17. Distal end of a costaL 
FIG. 19. Anterior moiety of a vertebral uone. 
FIGS. 20-26. l!,ragments of two indivitln<tls of Pla11tomenns corru.uatn~, natural si~e. Page 48. 
FIG. 20. Sternal bone, below; a, a.uove. 
l!'IGs. 21-26. Parts of one specimen. 
F,IGs. 21, 26. From middles of costuls. 
FIGs. 22, 23. Distal ends of costals. 
FIG. 24. Distal extremity of first or last costal. 
FIG. 25. Portion of left hyosternal bone, from uelow ; a, from auovo. 
FIGs. t7-31. Fragments of carapace of the Trionyx leplomitus, natural ~:~izc. 
FIGs. 27-28. Median parts of costal bones. 
FJGs. 29-30. Distal parts of costal bones. 
FIG. aba. Section at fractured edge of No. :30. 
FIG. 31t~. Distal extremity of No. 3~; fore cud of tho costal urokcn off. 





PLA':r.E XXVI. 

FIGs 1-4. Trionyx leptomitu.s, fragments, tbe natural size. Page 41. 
FIG. 1. Left hyposternal, from below; a, from above. 
FIG. :3. Part of the distal end of the costal of the specimen represeu ted by Figs. 1 and 2 ; a, edge view. 
FIG. 4. Right byposternal of a second specimen, from below. 
FIGS. 5-10. Fragments of Trionyx cariosus, natural size. Pagn 44. 
FIGI::l. 5-9. Parts found in close connection. 
FIGS. 5, 6. Proximal ends of costal bones of opposite sides, seen from above. 
FIG. 7. Distal end of a costal bone, from above. 
FIG. 1:!. A vertebral hone from above; a, from below. 
FIG. 9. Probab~e postabdominal bone, from below; a, edge view. 
FIG. 10. Distal portion of costal bone of· a second individua1, from abO\'O; a, distal view. 
FIGS. 11-16. l!..,ragments of Trionyx radnlus, natural size. Figs. 11 and 12 l.wloug to one, the remainder to 

another specimen. Page 45. 
:FIGs. 1 , 12. Distal parts ?.f costal bones, from a,b?ve; 12a, edge view of Fig. 12. 
FIGs. 13, 14, 15. Fragments ·of costal bones. 
FIG. 16. A vertebral bone; a, from belo"·· 





PLATE XXVII. 

FIG. 1. Ca!·a pa.co of Emys latirerlebralis, superior view, one-half natural size; restored from loose frng­
ments. Page 53. 

l;'w. 2. Plastron of Ernys lativm·tt111'alis, inferior view, ouc-half natural size. . 
FlG. :l. .Ant.Elrior portion of plastron of Emys lativertebralis, a second specimen, one-half natural si:r.e, seen 

from below. 
FIG. 4. Anterior part of plastron of Emys cibollensis, i-nferior view, one-half natural size. Page 57. 





FIG. 1. Carapace of Em.ys lalivertebraUs, seen from below, one-half natural size . 
. FIG. 2. Plastron of Emys latirerteb1·alis, superior face, onc-lla1f natural~:~izc; from the individual fignrecl 

on the preceding figure and preceding plate. · 
FIG. :3. Anterior part of plastron of Em,ys cibollensis, from above, o~e.lmlf natural size. 
l!'lG. 4. Right side of posterior 1obe of plastron of t.be same specimen represented in tl.Je last fignro and 

in Fig. 4 of tho preceding plate. 
l!'1G.,,5. An impertect marginalb9no of the same specimen, from above; b, frpm tho l:lnturnl border. 
FIG. 6. A marginal bone of the same specimen, from above; b, from the sutural border. 





PL1\ 'l1E XXIX. 

Fragments of the skeleton of two specimens of Diplocynodus sphenop.<~, t o-thirds .the ·natural size. The first in-
dividual includes Fig.'!. 1-8; the 1·e.rn1.ining .fiJtLre.<J 1·epre8ent the 8econd. Pa,ge 60. 

FIG. 1. Adjacent parts of frontal and parietal hones, from above. 
Ftn. 2. Adjaeent parts of arti:!ular, anguhtr, and suraugnlar hones, external view. 
}'IG. ;l. P<trt of left manlli"tmlar ramus from the posterior part of the symphysis, support.iog tw_:., adjacent 

c:wines, exterual view; a, superior view. 
FIG. 4. A cervical vertebra, from the 'rigllt side; a, from below, b, anterior, allll c, posterior articular ex_ 

trcmities. 
FIG. 5. 1\.luml.mr vertebra, right side; a, anterior extreruity. 
FIG. 6. A sacral centrum, somewhat compressed by pressure, lateral ;iew; a, iL1..~erior dew. 
FIG. 7. First caudal vertchra, from a hove . 

. Fra. l:l. Proximal end of humerus; a, a distal view. 
FIG. 9. FragmeiJt of enu of muzzle, somewhat flattened Ly pres3ure. 
FIG. 10. Part of left postfrontal bone. 
Fri1. ll. Portion of external wall of mandible at the angnlo-dent.ary suture. 
FIG. 12. Fragment from midd)e of mandibular ramus. 
FIG. 13. Portion of manuibular ramns of left side, froru posterior part uf symphysis, supporting two 

canine teeth, outer side ; a, snperior view. 
FIG. 14. An anterior cervical vortehra, ]eft side; a, inferior siue. 
FIG. 15. Cervical vertebra, right ~de: a, inferior, b, anterior, and, c, posterior views. 
~,IG. 16. Auotbcr cervical vertebra, from t.he right side. 
FIG. 17. A uorsal vertebra, left. side. 
FIG. 18. A lumhar vertebra, inferior view. 
FIG. 19. Proximal extremity of humerns. 
:Fros. 20, 2~~. Dorsal dermal lloues. 





PLA.TE XXX. 

Fignres of 1Ja1'is of skeletons of Crocod~lus grypus, two-tkirds natz~ral size j first -indiviclna.l jro11t Fig. 1 to Fig. 6, 
seconcl individu,al the 1·emaining flgul·es. Page 63. 

FIGs. 1-2. Portions of right and left rami of the mandible, including alveoli,.five teeth on tho riglJt side, 
and three on the left; a, tho external vit.lw of tho right ramn!:!, tlJo outer wall broken 
away ; b, the distal view of the fractured distal ond of the same, displaying tho largo termi­
nal tooth. 

FIG. 3. Part of angular bono, external view. 
FIG. 4. Articular bone, quadrate cotylus, from above. 
FIG. 5. Portion of upper jaw, with baso of crown of large tooth. 
FIG. 6. Part of maxillary bone, with perfect crown of a successional tooth. 
FIG. 7. Right half of right frontal bono from above; b, from below. 
:FIG. 8. Portion of left premaxillary bone, showing large tooth and notch for inferior canine. 
FIG. 9. A portion of. the dentary bone, with crowns of three teeth, not fully protruded . 
. FIG. 10. A dermal ·bone, superior surface. 
},IG. 11. An anterior cervical vertebra, right side; a, inferior, b, anterior, and, c, poste!'ior view. 
FIG. 12. Anterior dorsal vertebra; a, inferior, c, posterior views. 
FIG. 13. Dorsal vertebra. 
FIG. 14. A lumbar vertebra; c, posterior Yiew. 
FIG. 15. First caudal vertebra; a, inferior view. 
FIGs. 16-17. Anterior caudal vertebrre; a, inferior, b, anterior, c, posterior views. 
FIG. 18. A posterior caudal; letters as above. 
FIG. 19. Head of humerus ; a, proximal view. 
FIG. 20. Proximal part cf scapula (7). 
}.,IG. 21. Head of femur; a, proximal view. 
FIG. 22. Femur, side view; a, distal view. 
FIG. 23. Proximal parL of tibia: a, proximal view; b, distal extremity, lateral viow; c, distal view. 
FIGS. 24-25. Articular extremities of long bones. 
FI.G. 26. Calcaneum, outer side; a, from abovo b, internal side; c, from behind. 





PtATE XXXI. 

.FIGS. 1-5. Crocodiltts vltecle1·ii, fragments of ~:~kull, two-thirds natural size. Page 64. 
FIG. 1. Parts of parietal, frontal, nasal, etc., bonos, _viewed from above; a.; tho first named from below; 

b, the same fragment, anterior edge, showiug tho small dovolopment of tho olfactory ridges. 
Fm. 2. Part of the left premaxillary bono with teeth, external view; a, inferior view. 
:FrG. 3. Right quadrate bono; from above; a portion of the quadrato-jugal adheres. 
:FIG. 4. Parts of angular and suraugnlar bones, seen from the outer side, at the cotylus. 
FIG. 5. l!'ragment of .rpandibular ramus flattened (V) abnormally; a, external face. 
FIGs. 6-7. l!"'ragmonts of skull of Crocodilns f rlliottii, two-thirds natural size. Page 65. 
FrG. G. Frontal bone, from above; a, from below; b, view of anterior fractured edge, showing the strong 

lateral olfactory crests. 
FIG. 7. Part of mandible, with a tooth. 
:FIGs. 8-17. Parts of a skeleton described nuder the head of C1·ococJilus elliottii, drawn of the natural size. 
FIG. 8. Posterior part of right ramus mandibuli, from above. 
l!'IG. 9. A tooth from an anterior position in tho jaws, from the side; a, from the edge. 
JTIG. 10. Another tooth from a posterior position in the ja,ws; a, edge view. 
FIG. 11. Distal end of quadrate bone, sup.erior view; a, distal view. 
FIG. 12. A cervical vertebra, from below ; ct, from behind. 
FIG. 13. A dorsal vertebra, anterior view, partly adherent to the matrix; a, inferior surface. 
FIG. 14. A long bone; a, proximal articular surface. 
FIG. 15. H.adial carpal bono; a, proximal, b, distal extremities. 
FIG. 16. Proximal extremity of the femur; a, proximal view. 
FIG. 17. An ungual phalange, profile; a, inferior face. 
FIGS. 18-23. Fragments of skeleton of a Crocodile, referred provisionally to Crocodilus Uodon. Page 67. 
FIG. 18. Part of the parietal bone, from above. · 
FIG. 19. Distal extremity of os quadratum, from above; a, distal view. 
FIG. 20. Axis with odontoid bone, from below. 
FIG. 21. An anterior cervical vertebra; a, anterior view, showing fusion of hypapophysis and parapo· 

physis. · · 
FIG. 22. Another cervical vertebra, inferior view. 
FrG. 23. Lumbar vertebra, right side; a, anterior articular extremity. 





PLATE XXXII. 
FIGS. 1-22. Bones of Orocodilus chan~ensis, the nat.nral size, belonging to four individuals. Tho ftrst is 

represented in Figs. 1-10; the second, 11-12; tho third, 13-21; the fourth, l!,ig. 22. Page 67: 
FIG. 1. Frontal bone, from above; a, from tho front. · 
FIG. 2. Quadrate bone, distal extremity, the upper surface; a, the inferior surface; b, tho articular surface. 
FIG. 3. Portion of lower jaw and muzzle, with teeth, from tho left side; a, from below. 
FIGs. 4-10. Dermal bones, superior surfaces. 
FIG. 11. Superior view of part of premaxillary bone of tho specimen of 0. chamensis first describcu. 
I!,IG. 12. Inferior view of the same, showing round section of teetb . 
. FIGs. 13-16. Vertebral column, with numerous omissions, of a young 0. chan~ensis. 
:FIG. 17: Anterior view of the third of the above series. 
FIG. 18. Anterior view of the sixth of the same series. 
FIG. 19. First caudal vertebra of the same series. 
FIG. 20. Part of left side of frontal bone, from above; a, from the front. 
FIG. 21. Proximal part of femur of tho same. 
FIG. 22. Distal end of quadrate bono of a younger specimen, from above; a, articular extremity. 
FIGs. 23-25. Portions of the tarso-metatarse of tho Diatryma gigantea, two-thirds natural size. Pago 70. 
FIG. 23. Proximal part of the tarso-metatarse, anterior view; a, posterior viow; b, the internal edge;. c 

the proximal or tibio-tarsal extremity. 
FIG. 24. The median distal condyle, viewed from the front; a, from behind; b, from below. 
FIG. 25. The interior condyle, viewed from before; a, posterior, and, b, distal views. 
FIGs. 26-36. Fragments of the skeleton of a Lizarc;l of tho family Placosa·nridw, spt~cics and genus not de-

termined, all found together. 
FIGs. 26-34. Dermal and cranial plates; twice uatnral sizo. 
FIG. 35. Dish~l end of {crum·, from.JJolow; a, distal viow. 
Ji'IG. 36. Shaft of humerus. 





PLATE XXXIII. 
Ambloctomt8 sinosns, natnral size. Page ~1. 

PIGS. 1-10. Fragments of skeleton of the typical specimen. 
FIG. 1. Right maxillary bouo, with tccllJ, seen frum tho outer side; a wide fracture of the bone is occupiecl 

by a mass of limestone: a; the right canine tootl.J worn to the base of tho crown; b, the m::tx­
mary bono viewed from below; c, maxillary nm1 prem::txillary from the front, displaying 
tho alveolus for the large onter iucisor. 

FrG. ~. Posterior ttne molar of tho left side, viewed from tho on tor side; a, tile same, viewcu from below. 
FIG. 3. Left nHtndilmlar ramus, a fr·ngmeut which supported the last three molars: a, from tho outer side; 

b, inside of the same; c, superior viflw of the same; cl, portion of,cond~'lc. 
Fw. 4. vVorn cnuine tooth of the left side. 
FIG. 5. Glcnoiu cavity. 
FIG. fi. Distal end of ulna, from above; a, from below; b, distal view. 
FIG."/. Femur without the great and little trochanters, but displaying the third trochanttr; a, ~:~ectiou 

at distal fractured cud. 
FIG. 8. Right femur, inferior portion of tho shaft.. 
FIG. 9. Left tibia, inferior c:drumity anu part of shaft, fwnt view; a, postedor view; b, inferior view. 
FIG. 10. Calcaneum; anterior portion wanting. 
FIG. 11. Portion ofrigllt mandibular ra.ruul-3 of a secoml individual, external side; a, viow from above. A 

large piece of matrix adheres to tho iuncr side. 







PLATE XXXV. 
FIGs. 1-4. Oxyama lupina, natural size. 
FIG. 1. Left maxillary bone, supporting the posterior four molars, with the canirio from the outer ·side; a 

maxillary bone, from below; b, last superior molar, a part broken away. 
FIG. 2. Left ramus of the mandible, from the outer side, with the third premolar and tho canine; a, 

the same,' viewed from above. · 
FIG. 3. The zygomatic portion of the squamosal bone, from bel9w; a, tho same, cxtero-posterior viow. 
Fig. 4. Portion of right mandilmlar ramus supporting the second, third, and fourth premolars, seen 

from the inner side. 
FIGS. 5-6. Femur ami anterior p:ut of calcaneum of au O.x;yruna, found six feet from the remains figured 

Plate II, figs. 5-9, and belonging perhaps to the same imliviUual, viewed from above. 
FIGs. 7-12. Fragments of skull of Oxymnaforcipata, found together, natural size. Page 105. 
}'IG. 7. Parietal and part of frontal bone, with sagittal crest, seen from above; a, the same, inferior ~:~ide, 

showing form of superior s,uface of brain ; b, the same, from the left side. 
}"'IG. 8. Right maxillary bone, showing fossa for reception of large inferior molar. This specimen was 

found a short distance from the others, but resembles them very closely in a peculiar color 
and specific gravity, and is of the size. appropriate to the mandibular I:amus. 

FIG. 9. Portions ofmaxillary and premaxillaiy bone an~ canine tooth, with free nareal border. 
FIG. 10. Posterior part of malar bone, with orbital border. 
FIG. 11. Glenoid cavity of squamosal bono: seen from below. 
}-.IG. 12. Portion of the mandibular ramus behind tho last premolar tooth, seen from the outer si<lo; a, 

the condyle, seen from behind. 





PLATE XXXVI. 

Lower jaw of Oxyama forcipata, natnral size. 

FIG. 1. Left ra.mus, outer side. 
:FIG. 2. Doth rami in pos~tion, from a.bovo. 
FIG. B. Tbo rigllt ramus, inner side. 
FIG. 4. Left ramus, from below. 
FIG. 5. Left ramus below condyle, from belliml. 
FIG. G. Penultimate right superior molar, from bel~w. 





PLArrE XXXVII. 

Bones of Crcodollta, natumlsizc. 

FIG. 1. Parietal bono, with bt·okon sagittal crest, of O.cyamaforcipata, tho specimen fignred in Plato XV, 
the superior view; a, tho inferior snl'faco, partially imperfect; b, from tho front. 

}..,IOS. 2-5. Man<li bular teeth of another ind i vidna.l of O:cymna forcipafct. 
FIG. 2c. Right posterior molar, inner side. 
}"'IG. 3. Left posterior molar, external side; a, from behind; b, from above. 
FIGs. 4. f :l!"'irst inferior premolar. · 
FIG. 5. Right inferior canine, inner side; a, from above ; b, outer side. 
FIG. 6. External sido of part of ilium, including part of acetabulum of another individual of Oxyama. 
FIGs. 7-8. ·Found together, and supposed to pertain to the same individual. 
FIG. 7. Inferior extremity o'f tibia, inner side; a, from outer side. 
FIG. H. One of t.he inferior true molars, outer side; b, from above ; c, inner sid·e. 
FIG. 9. Maxillary, containing roots of two premolars, with premaxillary supporting three incisors of au 

isolated individual of Oxywna, seen from below. 
}..,IGS. 10-22. Bones of skeleton of Creodus incertw sedis, No. II, all found together. Page 129. 
FIGs. 10-11. Cervical vertebrre, from below; lOa, articuJar extremity of 10. 
FIGS. 12-13. Dorsal vertebrre, from below; a, corresponding articular ends. 
FIGs, 15-16. Caudal vertebrre; a, articular extremities; b, sections· at middle. 
}..,IG. 17. A superior molar tooth accompanying the remains, from below; a, from the side. 
}.,IG. 18. Right humerus, from the posterior side; a, from the outer side; b, intero-anterior view; c, prox-

imal end. 
FIG. 19. Distal en« of left humerus, posterior view; a, anterior view; b, distal view. 
FIG. 20. Radius minus tho proximal end, seen from above; a, from the outer si~o; b, from distal end. 
F.w. 21. Radius, proximal end, from below; a, head, proximal view. 
]fiG. 22. Ulna minus the distal end; a, inferior view. 
FIGS. 23-31. Creodus incertw sedis, No. I, portions of skeleton, natural size. Page 127. 
FIG. 23. Loft mandibular ramus anterior to second true molar, from above. 
FIGs. 24-25. Vertebrre: a, articular faces; b, from above ; c, from below. 
FIG. 26. Proximal part of scapula; a, glenoid cavity. 
1:!"IG. 27. Humerus, without head or condyles; the deltoid crest seen as the right border. 
:FIG. 28. Left ilium and ischium, anterior view; a, exterior view. 
FIG. 29 .. Left femur, from behind; a, distal end. 
FIG. :30. Portion of shaft of right femur which is wanting from .that of the left side, disJllaying· third 

trochanter; a, the same, exterior view. · 
FIG. 31. Distal extremity of fibula, the inner side; a, the same, from behind. 

FIG. :32. Cakmeam of left sido, seen from above; posterior extremity incomplete. 





PLA.TID XXXVIII. 
Fms. 1-11. Stypoluphtt8 vivel'l'inus, fragmentary skeleton of typical :-;puduwu, uat.timl size. Pa~e 11~. 

FIG. 1. Anterior part of craninm from below. The inferior face of t.IJe left rnaxillat·y 1mpporting the Ja~t 
five molars is presented, while tbe right maxillary is twisted undernen.t;b so as to exhibit the 
three mobrs in frou t of tbe last in profile. Between tbc maxillaries, tbe left nlua autlradin:-; 
lie in close relation. 1a, the occipital portiou of the same crauium, viewed from above; b, 
tbc frontal and part of tbe nasal region, the snperior view of Fig. 1. 

FIG. 2. A Cl'rvical vertebra, from behind; a, from below; b, from above. 
FIG. :1 A lumbar vertebra, from the end; a, from below. 
FtG. 4. Two lumbar vertehrro frout the front; b, from above; c, from the side. 
FIG. G. A caudal vertebra: a, from below; .c, from t!Je Rille. 
FIG. 6. Sacrum, the anterior portion, with the .-igltt :tnteriot·:wgle broken of'f, fnHn before; b, from auo\·e. 
FIG. 7. I~eft humerus, the proximal eud, from the outer sidu; b, proximal \'iew. 
FIG. 8. Part of t!JO proximal end of the femur, frvm behind. 
FJG. 9. Part of distal cud of feniur, from the side; a, fro1u above. 
FIG. 10. Dil:;tal part of shaft and extremity of the right tibia, from bebiud; a, from fraut; b, distal eutl. 
FrG. 11. Calcaneum, from above; a, tile cuboid, articular face. 
FIG. 12-20. Portions of the skeleton of the t.ypical individual of StypolophuB l;ians, natural size. PagtJ 118. 
FIG. 1:.!. Cmninm poste1·ior to the orbits, showiug the narrow form and broken parietal crest, from t.he 

left ::;ide; a, front above. 
FIG. 1:~. The right ramus of tlte ma.udible, the miLl:lle pJrtiou wanting, ext~t·n:tl view. 
FIG. 14. Left half of atlas, seen fl'Om behind; a, from below. 
FIG. 15. An anterior dorsal vertebra, fwm below; a, articular extremity"of ce;1trntu. 
FIG. 16. Anotlwr dorsal vertubra from below; a, from behind; b, from t.htl right sitle. 
Fw.17. An anterior lumba.r vertebra, from below; a, ttrticular extremity of centrum. 
FIG. 18. A posterior lnmhttt' veL·tebra, fl'Om below; a, articuhtL' eud. 
FIG. 19. A cantln,l vertehm, from below. 
FIG. 20. A more ilistal cantlal vertebra; a, articular extremity. 
Fw. 21. Glenoid cavity of scaiHlla. 
Ftu. 22. Proximal part of lJUuwrns, postero-iuterior view. 
Ji'tG 23. D1stal end of the hnmerus, a.uterior view. 
FIG. 24. Proximal end of tlte nlua., interior side. , 
FIG. 2iJ. Parts of ilium aut.l isehiurn with acetabulum, extel'ior vidw; a, n.nteriot· view. 
FIG. 2G. Proximal end of tibia., exterior side. 
Fig. 27. Distal extremity of tillia, posterior view; a, exterior view. 
FIG. 2.-;. Calcaneum, from above; a small portion lust from its mi:hllo; a, cuboitl facet, etc., of t-ho same. 
FIG. 29. Entocnueiform boue, ontor side; a, distal articular facet; b, inner view. 
FIG. 30. Distal extremity of a metapudi:tl uouo, from uelow. 





P LA_rrE "XX~\.IX. 
Crcodo11ta anllMesodonta.. 

Fws. 1-0. Didyrnictis pl'otenus, natural size. Page 12:3. 
FIG. 1. Left mamlibnlar mmns, supportiug five molars, th~ elevated cusps of t!Jo tubercular sectorial 

broken off, from tbe3 onter side; a., from t!Je inner side. 
FIG. 2. Left mandibula-r ramus of ano! her individual, from above, displu.yiug all the molars or t!Jeir al-

veoli ; a, from t.be i uner side. 
F'w. 3. Part of ilinm, the same individual, inner side; :3a, same, outer side. 
FIG. 4. Eutl of tibia of t!Je same individual, t.he inner 1listal tuberosity broken off. 
I!"'!G. 5. Left ~stragalus of the same individual, from above; ct, right ~t~tra.galus of the same individual, 

from below; b, from the outer side. 
FIG. G. Distal end of radius of t!Je same individual, fro111 below; a, from above; b, from the distal end. 
FIG. 7. PostHrior part of left ramus of another indivi1lual, with the sectorial tubercular better preserved, 

but broken ; a, from the inner side ; b, froni above. 
FIG.~. Right umndibnlar ramus of another iudivitlnal, witlt tubercular sectorial and canine preserved, 
FIG. 9. Outer view of cnsps of tubercular sectorial of another individual snppo::md. to be of t!Jis species, 

show.ing the blade. 
0 

• 

FIG. 10. Last superior premolar of Pachyrena.ossijraga, natural size, from the outer side; a, from the inner 
shle; b, from below. Page 94. 

FlG. 11. Sl!JPOlophus strenuus, right mandilmlar ramus, from the onterside, tlw matrix somew!Jat adherent 
and the molars partially broke.n, with the ca11ine tooth adherent to t!Je upper posterior 
augle; a, from the inner side; b, t!Je left ramus, posterior portion, viewed from above, show­
ing the e:ections of the broken tuhercular sectolial molars. Page 117. 

FIG. 12. Stypolophus11Wlticnspis, left mandibular ramus, uaturall:lize, from Lhe outer sid~;~; a, portion of t.he 
right mandibular ramus, viewed from abov.e. Page 116. 

FIG. 13. Stypolopllus ntullicn8J.Jill, portion of the right mandibular ramns of another individual, from the 
inner side. 

l!'IG. 14. Stypolophus multicuspis, a third indivii.lnal: four l:lnperior molars of the right and one of the left 
side of the same animal, natural size, a, superior rnohtrs of right side, in profile. 

FIG. 15. Tomitlwrinrn angulaiurn, portion of the left mandibular ramus, natural size, from the inner side; a, 
molar tooth of this fra.gmeut, from above, twice uatnral size; b, molar tooth of the mandiule 
of a not her individual, from above, twice uatural size. Page H4. 

l!'IG. lG. 1'omjlhe1"iumfnt[Jivomm, portion of right mandibular.ranms, tJatnrul size, from the im1er side; a, 
the same, from the outer side; b, the same, from above, twice natural size. 

FlG. 17. Tumilht1·itwt jarrovii, posterior portion of right mandibular ramus, nat.ural size, from allow. 
Page 137. · 

FIG. 18. 1'omitheriunt jarl'uvii, a brokeu right ma.udibular ramus·, ua.tural size, fwm the inner side; a, I ho 
sanw, from the outer ~:~ide; b, the sa.we, twice natural size, from above. · 

Fw. lU. Tmnitherimn tu.tum; anterior part of right HHHtdibular ramus, which supported four teeth, imu:.t 
side; a, the outer sill~; b, :;uperior a:;pect, twice uatural sizo. 





PLATE XL. 

FIGs. 1-15. Bsnes found with the teeth of 1'omithcri,nm jarrovii, natnml siv.o. Page 137. 
PIG. 1. Oleerauar portion of ulna, lateral view; a, the same, from uelow. 
l''IG. 2. Distal end of ulna, from a.bove; a,- the distal articular face. 
FIG. 3. Proximal end of radius from below; a, proximal articular face. 
FIG. 4. Head of the femur. 
FIG. G. Extcrual margin of femur, displaying third trochanter. 
FIG. G. Patella, external face; a, internal face. 
FIG. 7. Distal end of fiuula, from behind; a, inner face; b, outer face 
PIG. 8. Calcaucnm, superior face; a, distal eucl. 
FIG. 9. Ast,ragalu~:~ in two fmgments, from above; b, from below. 
FIG. 10. ~ Navicuiar bone, from above; a, from the ~ide; b, from below. 
FIG. 11. Cuboid bone, from the front; a, from the inner side; b, the proximal, and c, the distal cuds. 
FIG. 12. Mesocuneiform bono, from tbe sicle; a, frou1 t.he front; b, from auovc. 
FIG. 13. Tlw eutocuneiform bone, from the outer side; a, from the inner siJe; b, from below. 
FIGs. 14-16. Sesamoid bones; a, external faces. 
FIGs. 16-2f>. Bones found with tho teeth of Tomithel'inm tuttw~, including portions of feet, natural size. 

Page 141. 
FIG. 16. Astragalus antl calcaneum in mntmtl relation, from the outer side; a, from above; b, astragalus, 

from below .• 
FIG. 17. Extremity of right tibia in relation with the astrag<tlus, from tho front. 
FIG. 18. Extremity of right tibia, from below. 
E'IG. HI. A mcta,carpal bone1 antero-superior view; -a, from tbe side; b, another metacarpal, proximal 

view. 
FIGs. 20, 21, 22. Ph ... lauges, from above; a, from tbe side; b, proximal cud. 
FIG. 23. Ungual phalange, from above; a, from the side; b, proximal extremity. 
PIG. 24. Mcsocuneiform bone, side vi1~w; a, the front; b, end view. 
PIG. 25. Unknown element, concave face; a: plane face. 
FW. 26. Esthonyx bttrmcisterii, posterior part of right mandibular ramus, from_the outer side, supporting 

the last inferior molar; a, the same, from above. Page 156. 
FIGS. ~7-:30. Typical specime~ of Esthonyx bisnlcatns, natura,! size. P.Lge 1G4. 
FlG. 27. Left maudibula.r ramus, supporting the last three molars and the penultimate premolar, exter-

nal view; a: internal; b, superior, and, c, inferior views. 
FIG .. 28. Fragment of the right mandil>nlarramus, supporting the two last molars, viewed fr.:>m al>ove. 
FIG. 29. Supposed superior incisor: a, external view; b, lateral view; c, internal view. 
FIG. :30. Snpposed inferior incisor::;: a and b, those of opposite sidts, viewed from behind; c, left tootb, 

view from the outer ::;ide; d, tho same, inner side; e, the same, from the front. 
FIG. 31. Porti0n of the right mandibular r:tmus of a second specimen vf Estlwuyx bisulc(ttus, from tho 

onter siJc; a, tbe inner side; b, from above, natural size. 
FIG. :i2. Fragment of lower jaw of a third specimen, supporting a molar, inner side; a, from above. 
FIG. 33. An inferior molar or a fourth spe-cimen of Esthonyx bisnlcalus, the outer side; a, superior face. 
FIGs. :34-39. Superior inci::;or of the Ectoganus not:omehicanus, natural size. Page 15!1. 
l!,IG. :H.· On.ter side of i11cisor. 
FIG. :35. Inner side of incisor. 
FJG. 30. J?ront border of incisor. 
FJG. :~7. Posterior border of incisor. 
PIG. :~tl. Proximal end, fmctnred. 
FIG. :~~1. Distal end, masticating surface. 





PLA'l'E XLI. 
FIGs. 1-12. Teeth of Ectoganus glirijormis, natural size, from one imlividual. P•1ge H30. 
FIG. 1. Superior incisor, from inner side; a, the apex:; b, the outer side; c, tile front. 
FIGS. 2-3. Inferior incisors, anterior f<tee; a, p:)sterior fa,ce; b, external face; c, base of tile shaft. 
PIGS. 4-5. Corresponding incisors of opposite sides fro!U the front; a, from behind; b; from inner, c, 

from outer side. 
FIG. 6. A smaller incisor, frqm the front; b and c, latera] views. 
l!""'IGS. 7-8. Two molar teeth, from the sido; a, grinding face, each with the corresponding angle broken 

off; b, side view; c, external view. 
FIG. 9. A molar tooth, fractnred. 
FIG. 10. An inferior molar tooth, from the side; ·a, from the end; b, fro:-.J auove. 
FIGs. 11-12. Fragments of molar teeth. 
FIGs. 13-l7. An inferior incisor tooth of Calarnodon arcamronus, natural siz~. Page 163. 
FJG. 13. l!~ront of the tooth. 
FIGs. 14-15. Lateral views. 
FIG. Hi. Postet·ior aspect. 
FIG. 17. llase of shaft. 





Fw~. l-5. Fragments of lower ja.w ·au1l uentition of Calamodon arcanumw.s, natural size. 
:Fw. 1. Left manuilmlar ramus, outer side; a portion of the external wall wanting, displa.yinr.- the inner 

• sides of the alveoli; a, t,he same, viewed from above; b, inferior view of the same. 
FIG. 2. A portion of t,he inferior border of the right ramus, viewed from above, so as to display the fundus 

of tho incisive alveolus. 
FIG. :t Extremity of tile left inferior incisor, front view; a, internal aspect; b, posterior aspect; c, ex-

ternal view, 
FIG. 4. A fragment from the inner side of the right inferior incisor. 
FIG. n. An inferior molar tooth: a, lateral view; b, anterior view; o, superior view. 
FIG. 6. C.ondyle and adjacent part of the mandibular ramus of t.be specimen of Caiamodon shnplex figured 

on the next plate, natural size; a, from front. Page 166. 
FIG. 7. Base of coronoid process and adjacent part of ramus, of the same specimen, outer side. 
FIG. 8. Fragment of the same specimen, of uncertain referencu; a, latoml view. 





PLATB XLIIl. 
Pragmcnts of the slccldon of a single -indiv,idual of Calamodon 6i,mple.r., parUally fignrcll on the preceding plctfc, 

natm·al sizr. Page 166. 

FIG. 1. Superior incisor, external view; a, inner, b, distal, c, proximal views. 
FrG. 2. Inferior inc'isor, the enamel-face and apex lost. 
Fw. ~. Apex of the inferior incisor, lateral view; a, anterior view; b, section of baR~ of fragment. 
FIG. 4. Portion of the enamel-face of an inferior incisor. 
Fw. 5. A small incisor, front view; a, lateral view; b, triturating surface. 
FIG. 6. A molar tooth; a, triturating surface. 
FIG. 7. Another molar tooth fragment. 
FIG. 8. l!'mgment of articular extremity of scapula, outer view. 
FIG. 9. 'l'wo fragments of the right buruerus, placed in hypothetical relationship, anterior view; lt, the 

same, internal side. 
FIG. 10. Right ulna, both ends wanting, outer si<lu; c~, superior aspect. 
FIG. I 1. Right radius placed in relation with the ulua, external aspect; a, superior, b, prox.iuial viowJ. 
]'rG. 12. o.., magnnm, anterior side; a, lateral view; b, inferior, ami, c, superior aspects. 
FIG. 1:3. U.Jgnal plmlange, lateral view; a, proximal extremity; b, superior aspect. 





.cllt tlw fi!JUI'C8 on this plate are of the natnml size, excrpting Fi:J. 8 b, wll ich is oue and Ot4e-half natural size. 

:FIG. 1. Inferior incisor tobth of Calamodon arcanunnw~, whicll was f.mnu alono, ·soen from the side; a, au­
terior, b, proximal, anci, c, posterior views. 

FIG. 2. Inferior incisor of an isolated individual of Calarnodon simplex, seen from the side; a, n.utcrio1· 
view; b, proximal view, giving section; c, post1~rior view. 

FIGs. ~-4. Teeth of one individual of Galamodon simplex. 
FIG. 3. Molar tootll, outer side; a, inner sido; band c, ~interi01· antl posterior views; d, triturating sur­

face of the crown. 
FH}. 4. Portion of tho inferior incisor tooth, including only tbe enamel-covered face; a, from froqt; b, 

section; £l, lateral view. 
FIG. 5. A snperior iuci:;or of another :specimen of Calamodon simlJle.x;, la.teral view. . 
l!'IG. '6. Au isolated superior molar of a species of Calanwdon, wom by prolonged use, lateral view; a, cx­

temal side; b, trituratiug face; c, base of fang. 
:FIG. 7. F'ragmeut of an incisor tooth of uncertain refereuce, from tho side; a, anterior face; b, section at 

ctHl of shaft; 
FIG. t3. Superior maxillary bone of Plesiarctumys buccalttB, from below; a, from the outer side; b, inferiot· 

asp•~ct, eularged oue-half. Page 171. 
Fw. U. Left mandil.mlar ntmns of Plesiarctomys delicatissintus, inner side; a, outer side; b, st1perior vie". 

Page 17~. 
FIG. 10. Left mmus of mandiule of f>lesiarctomys delicatior, inner siclo; a, onterside; b, snperior, c, icferior 

views. Page 172. 
Fw. 11. Ri~ht ramns of Plcsiarctomys dclicatior, from within; .b, from ahovo. 
FIG. 12. Right inferior incisor of PlcsiarctomyB dclicalissimu1:1, front aud side view:s. 





FIGS. 1-5. Phcnacolln.~ JH'iml13VIIR, jam; and tcetu, natnml size. Pttge 174. 
Fw. l. Portion of 1 ft mandibular ramus, witll rnamlil.mlar and maxillary teeth, viewed f1'0111 tllo out.cr 

side; 1 a,· the same, from tile inner side. 
FIG. 2. Superior molar teeth of the same specimen, viewetl from below. 
FIG. ~. Interior molar teeth of the same, viewed from above. 
FIG. 4. Frngment of the right mandilmlar ramus of another int.lividual, snpportiug true molars, viewml 

from thP outer side; 4 a, from above. 
FIG. 6. Last inferior true molar from a t!Jinl individual, from above. 
l<'lG. 6. Superior true molar of J>hm1acoihts omnivo·rus, crown from below, natural size. Page 178. 
FIG. 7. Superior molar of 1'/wnacodns whatus, from below, natural size; 7a, the same, double natural 

size. Page 179. 
FIG. 8. Fragment of mandibular ramu~ of Opisthotomus jld[Jmns, containing tho last molar, the outer side., 

uatnral size; Sa, tl.le same, from above. Page 1G2. 
F'IG. 9. Lust and preceuing inferior molnr of oj_Jisthotomns astuli~B, natnrn.l size, viewed from the sille; 9 a· 

the saml', ft·om above. Page lG~. · 
FIG. 10. Hyo]Jsodus miticulus, left nw.nllibular ramus, viewed from t be inner ~:;ide, natural size; lOa, from 

auovc. Pngtj lGO. 
FIG. 11. Hyopsodus 1niticulns, right. maudil.mlar rallmR, uatural size, viewed from the inner side; 11a, from 

above. · 
FIG. 12. Hyopsodns miticuZ.us, rigbt mandibular mmus, tbe outer ~ide; 12a, fr~m above. 
FIG. 13. Hyopsocl·us ?, snJ,erior molar tcetll, viewt:d from below, natural size; l:)a, the same, twice tbe nat­

ural size; t:~b, ttw same, natural size, viewed ft·om t'he outer side. 
}'w. 14. Hyopsodns ~'portion of maxillary uo11e with superior molar teeth, n••tural size, viewed from below; 

14a, the same, twice natural size. 
FIG. 15. Sarcolemtw mentalis, fragrueut of right mandiuulur ramus, viewed from the outer side; l~a, from 

above; both uatmal size~ Page 14Ll. 
FIG. 16. Sarcolcmur cra8BU81 fragment of rigl..tt mandibular ramus, viewed from the outer side, natural 

size ; lGa, the same, from auovc. Pa.ge 14U. 
}'IG. 17. Pantalt;stcs cl!at·etlsis, ri~bt mandibular ramus, from tbo inner ~:;i~k, uatnral size; 17a, from ahovo. 

Pane 146 . 
. FIG. l!j, Aphelis~ns insi(liosus, rigllt ramus of the maudiule, from the i~uer side, and, 18a, from the outer 

siue, nat.ur::tl size; lt'b, the same, from above, twice natural size. Page 147. ' 
FIG. H), Diacodon alticuspis, right mandibular rlhims, 1mtnral size, from the outer side; 19a, b, and c, twir.o 

natural size: a, from above; b, from uuler side; aut.l, c, from the inner side. Page 132. 
FIG. 20. Diacodon celatus, left mums of llla.i•diule, natural size, ii·om the outer side; 20b, the same, twice 

untural size, from the ontt.•r side. Page 133. 





PLATE XL.VI. 
Dentition.oj Coryphodons, natttralsize. 

FIG. 1. Fragment of right mandibula.r ramus of Coryphodon cuspiclalus, snpporting part of last molar, from 
tue inner side; a., from above; b, from the outer side. Page 20o. 

FIGs. 2-10. Teeth of Coryphodon lobatus. Page 209. 
FIG. 2. Left superior ca.nine, postero-exterior view; a, postero-interior view; b, anterior view, displa.y-

ing triturating surface. 
FIGs. :~-4. Superior premolars, from below; 4a, the posterior premola.r, f1;om the front. 
FIG. 5. Interior extremity of crown of penultimate superior true mola.r, from ·below. 
FIG. 6. Posterior superior mJla.r, crown from below. 
FIG. 7. Incisor tooth, from within; a, exterior view of the same. 
FIG. 8. Left inferior canine, the exterior side; a, interior side; both displaying surfa.co woru by superiot· 

ca.nine. 
FIG. 9. Ant~rior inferior premolar, from above. 
FIG. 10. Posterior inferior molar, exterior view; a, iutcrior view; b, crown, viewed from above. 





PLA~rE XL VIL 
Dentit-ion of Cor.l!lJhodon, 11atural Mze, except Pig. 1, which is two-thi1·ds 11atm·e. 

PIGs. 1-3. Co1'JIJJhoclon obliqnns. Page 207. 
Fm. 1. Portion of tile ]eft ma.ndibu1ar ramus supporting the last :tud part of the peuultima:t'e molars, 

tlw inner side ; a, the same, external side. 
Fw. 2. Inferior canine, posterior view. 
FIG. :3. Last and part of penultimate molar, grinding face, from the ra~uus, Fig. 1. 

FIGs 4-6. Coryphodon mdian's, teeth of one individual. Page 211. 
FIG. 4. Posterior superior molar of the right side; 4a, the corresponding tooth of the left side; viewed 

from below. 
1TIG. 5. Posterior inferior molar, viewed from above; a, from behind . 
.FIG. 6. Apex of the superior canine, from ?ehind; a, base of the fragment. 
FIGS. 7-10. Teeth of a secontl individual of Coryphodon mdians, from a different locality from the last. 
FIG. 7. First superior true molar, viewed from below; a, anterior view . 
. ~,IG. 8. An incisor tooth, probably inferior. 
FIG. 9. Right inferior caniue; inner side; a, posterior aspect. 
FIG. 10. Right posterior inferior molar, from above. 
FIGs. 11-13. Teeth of a third individual of Coryphodon wilians, natural size. 
FIG. 11. Last two inferior mohus, from above; a, the same, from the inner side. 
FIG. 12. Secontl aud third premolars, from above;' b, from the inner side. 
FIG. U. Superior canine1 section of base of crown ; a, section of fang. 





PLATE XL VIII. 

FIG. 1. Internal view of the right ramus rnandibuli of Coryplwdon lntid6ns, two·thirds natural size. 
Page 214. 

}'IG. 2; The dental series of both rami, viewed from :tbove, two-thirds natuml size. 





PLATE XLIX. 
Cory1Jhodon latidens. 

· FIG. 1. Left ramus of the mandible, viewed from the outer side, two-thirds natural size. 
FIG. 2. Premaxillary bone, external view; a, inferior view; natural size. 
l!"'IG. 3. Left superior canine in relation with tbe premaxillary, external view, natural size; a, posterior 

view of the same; b, section of the crown,.near the apex. 





PLATE L. 
FIGS. 1-4. Cm·yphodon latidens, two-thirds natural size. 
Fm. 1. :M:anmbular ramus, posterior view. 
FIG. 2. The atlas, from below ; a., from above. 
FIG. 8. Segment of sternum, with sternal rib slightly dislocated; a, edgewise view. 
F.IG. 4. Sternal segment with sternal rib. 
FIGs. 5-6. Cm·yphodon elephantopus, ramus mandibuli,. probably of the cranium figured on Plate LI. 

Page 217 •. 
FIG. 5. Part of mandible, from above, a portion of lef~ ramus wanting; ·a, profile of symphyseal portion, 

with view of the inside of the left ramus. 
FIG. 6. Section of inferior right canine at the base of the crown, natural size; a, section of same near 

the apex. 
FIG. 7. Premaxillary bone of the elongate typo found alone; a, from below. 





PLATE .LI. 
FIG. 1. Cranium of Coryphodon elephantopus, one-half natural size, viewed from the side. 
FIG. 2. A cast of the b:cain-cavity of the .aoove cranium, two-thirds the natural size, representing the· 

form of the brai u from the left side. 
FIG. :3. The same inferior view; t, origin of trigeminus nerve; md, base inferior maxillary branch; p, ribs 

in line with the anterior pyramids. 
FIG. 4. The same, superior view. 
FIG. 5. The same, anterior view.· , 

· PIG. 6. The same, posterior :view, cut off at tho superior margin of tho foramera magnum. 





PLATE 111. 
Cl'anium of Coryphodon elepltantopuB, figured on Plate LI, viewed from above, ouo-lmlf natural size. 





PLA.TE LIII. 
FIG. J • . Crauium of Coryphodon elephantopus, figured on Plate LI, viewed from below, one-half natural bizc. 
FIG. 2. Cast of brain cavity of Procam.elns ocaidenfctUs, the right sidt~; a., fmm below. 





PLATE LIV. 

FrG. 1. Cranium of Coryphodon elephantopus, occipital view, one-half natural size. 
FrG. 2. Last inferior molar of the right side of Coryphodon molestlts, type of the description of Bathmodon 

lomas, natural size; a, profile view. 
FIG. 3. Temporary molars, with crown of unprotruded permanent first molar of an unknown species of 

Coryphodon, natural size. 
l!'IG. 4. Tibia of an undetermined Cm·yplwdon, two-thirds natural size, anterior view; a, posterior, b, 

exterior, and, c, distal views. 
FIG. 5. Head of humerus of another Coryphodon, two-thirds natural size. 





PLATE·LV. 

Bones of Coryplwdon simus, two-thirds natural size. Page 225. 

FIGS. 1-4. Portions of tho cmniu~ descr.ibed as typical in the present work. 
FIG. 1. Left maxillary bone which supported the true molars and last two premolars. 
:FIG. 2. Right premaxillary bone without the apices, exterior side. 
:FIG. 3. Both mandibular rami supporting molars only, from above; a, right ramus, interior side. 
FIG. 4. External Elide of the posterior or exoccipital bounding crest of the temporal fossa; a, postmior 

view. 
FIGs. 5-10. Bones of a second individual. 
l!,IG. 5. Adjacent portions of maxillary and premaxillary bones of the right side, the latter cont.aining 

three alveoli and wanting apex; a, inferior view of the same. 
FIG. 6. Portion of right mandibular ramus supporting Pm. 4 and M. 1, from above. 
FIG. 7. A dorsal vertebm~ centrum, anterior view; a, inferior side of the same. 
l''IG. 8. Head of humerus, extrernital view. 
FIG. 9. Proximal end of radius, inferior view; a, proximal or humeral sul'face of tho ~amo. 
FIG. 10. Distal cxtremit.y of femur, from above, a, from the outer side. 





.PLATE LVI. 

Coryplwdon molestus, drawn to different scales. Pug~ 229. 

PIG. 1. Cranium distorted by pressure, one-third natural size, seen from the right side. 
Fig. 2. Posterior part of cranium, seen from below, one-half natural size. 
Fw: 3. Left side of muzzle of tho same cranium, two-thirds natural size. 
FIG. 4. Inferior true molars of the right side, seen from above, two-thirds natural size. 
FIG. 5. Apex of the right canine tooth, natnral size, external side; a, section at. base of fragment; b, 

front view. 
FIG. 6. Atlas, left side, seen from behind, two-thirds natural size; a, the same, from below. 
FIG. 7. Axis, from above, two-thirds natural size; a, from below. 





PLATE LVII. 
FIGs. 1-2. Coryphodon molestus, specimen figured in Plate LVI, two-thirds natural size. 
FIG. 1. Posterior part of palate, with the molar teeth. 
FIG. 2. Anterior left foot, without the scaphoid and trap~zium aud some of the phalanges, the remain­

ing elements somewhat dislocated and adhering by the matrix as they were exhumed. The 
fifth metacarpus is pushed back on the under side of the carpus. 

FIGS. 3-7. Coryphodon, No. I, two-thirds natural size. . 
l!~IG. 3. Cervical vertebra, left m<1iety, from behind; a·, the same, from the left side. 
FIG. 4. J...~unar carpal bone, from front; a, from above; b, from below:- a and b have same signific'ance in 

Figs. 5 and 6. 
FIG. 5. The cuneiform bone. 
FIG. 6. The unciform·bone. 
FIG. 7. The third and fourth metacarpals of the right side, anterior surface; a, the same, proximal ex~ 

tremities. 





PLATE LVIII. 

FIGs. 1-7. Bones of Cm·yphodon, No. I, two-thirds natural size. Page 237. 
FIG.l. Atlas, the median portion wanting, anterior view. 
FIG. 2. Scapula, median part wanting, external view; a, proximal end, the coracoid process broken off. 
FIG. 3. Olecranon, oblique posterior view. 
FIG. 4. Patella., external, a, internal views. 
FIG. 5. Prox~mal portion of calcaneum, from abovo; a, from below. 
Fig. 6, Astragalus, from above; injured. 
FIG. 7. Cuboid bone, anterior face; a, posterior face ; b, superior face; c, inferior face. 
FIG. 8. Distal extremity of an ulna, from another locality, superior f~ce; b, articular extremity. 
l!,rG. 9. Metacarpals III, IV, aud V, of Coryphodon, No. II, posterior view, showing sesamoid bones. 





Bones of the feet of Goryphodons described under the ~~ead of No. II, two-thi1•ds natural size. Page 241. 

FIG. 1. Left fore foot, antoro-superior view; the cuneiform, magnum, aud unciform adherent and some­
what dislocated ; tho remaining bones separate .. So, Scaphoid ; Ott, Cuneiform; Ps, Pisiform ; 
Tz, Trapezium ; To, Trapezoides; Mg, Magnum; Unc, Unciform. 

FIG. 2. Proximal view of the :first series of carpal bones of the same foot; 
FIG. 3. Scaphoid of same, from below. 
FIG. 4. Lunar of same, from below. 
FIG. 5. Pisiform of same, external view; a, pisiform of sa.mo, inferior view. 
FIG. 6. Trapezium of same, exterior side: a, interior sido; b, proximal end; c, inferior end. 
FIG. 7. Trapezoides of same, internal side; a, external side; b, superior side; c, inferior side. 
FIG. 8. Magnum, from below, attached to the cuneiform; a, internal side. 
FIG. 9. Unciform, inferior view. 
FIG. 10. View of' proximal ends of the met .. "tcarpals of the same, from No. II to No. V inclusive 
FIG. 11. Distal extremitiea ofthe same metatarsals. 
FIG. 12. Right posterior foot found with Fig. 1, but p~rhaps belonging to Goryphodon molestuo. The 

phalanges were found in place, and were marked before being separated from tho metatar­
sals and each other, so as to secure their proper re-association. A supero-anterior view. As, 
Astragalus; Gl, Calcaneum; G1t, Cuboid; N, Navicular; Eco, Ectocuueiform; Msc, Meso­
cuneiform; Eno, Entocuneiform. 

FIG. 13. Cuboid of the samo, inner side; a, inferior side. 
:FIG. 14. Navicular, from above; a, from below. 
FIG. 15. Ectocuneiform, superior surface ; a, inferior surface; b, interior side; o, extorua,l sides. 





PL.A'rE LX. 

FIGs. 1-11. Bones of the CoryJJlwdon No. II, figurecl on Plate LVIX, two-thirds natural size. 
}~IG.l. Posterior foot of right side, postero-inferior view. 
FIG. 2. Astragalus and calcaneum in relation, but somewhat fiatteneu by pressure. 
l!'IG. 3. Calcaneum from above, 1lattened by pressure. 
FIG. 4. Mesocuneiform and entocnneiform bones, from above; a, mesocuneiform, outer side ; b, entocuueiw 

form, inner side; c, inferior view of the conjoined bones. 
Fw. 5. Proximal ends of the metatarsals, all found in place, excepting No. V, which was superficial and 

loose. 
_ l!'IG. 6. First phalange of hallux, proximal end; a, distal extremity. 

FIG. 7. Ungual phalange ofballux, proximal encl. 
l!""'IG. 8. l!'irst phalange of second digit, proximal end; a, distal end. 
l!'IG. 9. Ungual phalange of second digit, proximal extremity. 
}'IG. 10: Three consecutive caudal vortebrre ac~qmpanying the feet, inferior view; a, superior view ; b, 

proximal end of proximal vertebra. . 
Fw. 11. Articnlar extremity of a more distal caudal vertebra.· 
FIG. 12. A. caudal vertebra still more distal, from below; a, from above ; b,.articular extremity. 
FIG. 13. The astragalus and calcaneum.of another individual, from the same locality as Nos. II and 

III, perhaps belonging to No. III, agreeing with it in color : Fig. 13, superior face; a, in­
ternal face ; b, external face; c, anterior face ; d, inferior face ; e, the calcaneum alone, 
superior face. · · 





PLATE LXI.· 

FIGs. 1-15. Bones of a Co1·yphodon, of a black colm:, found together, and <lescribed as No. IIi:; two-thirds 
natural size. Page 247. . 

FIG. 1. Hight fore foot, autero-superior view; the carpal bones all pt·esent, but a portion of the anterior 
face of the os magnum broken away .. The phalanges collated in accordance with their true 
relations, as exposed in excavating by the author. 

FIG. 2. Posterior faces of the digits of· the same foot, in natural relation. 
FIG. 3. Distill view of distal extremity of third metacarpus. 
FIG. 4.' Proximal end of first phalange of third digit; a, distal end. 
FIG. 5. Distal end of second phalange o( third digit. 
FIG. 6. Proximal end of ungual phalange of third digit. 
~.,IG. 7. Dist.al view of distal end of first metacarpus. 
FIG~ 8. Proximal end of first phalange of pollex; a, distal ond of the same. 
FIG.!), Proximal end of ungual phalange of pollex. 
l•.,IG. 10. Third digit, seen from the external side. 
Fw. 11. Clavicle, wit.b one extremity; a, extremital view; b, section at fra.cture. 
FIG. 12. Extremity; perhaps the opposite one of the same clavicle.· 
FIG. 13. Portion -of shaft, probably belonging to t~e clavicle represented in Fig. 11. 
FIG. 14. Ulna of au animal apparently larger than. t.hat to which the fore foot belongA, seen from tho 

side. · 
FIG. 15. The samo, superior view. 
l!..,IG. 16. Scaphoid bone of another individual, from above; a, from below; b, inner l:lide.; c, outer side .. 
FIG. 17. Cervical vertebrre of another individual, from below; a, from the left side. 
PIG. 18. The posterior articula.r face of th.e posterior of the two cervical vertebrro figured iu Fig. 17, 

· without epiphysis; a, anterior face of the same. 
Fra. 19. Posterior face of the anterior of the two cervicalvertehrm above figured. 





PLATE LXII. 

Bones of Coryphodon, No. IV. Page 248. 

FIG. 1. Right humerus, without the head, the proximal portion crushed by pressure, ant_eriot view; a, 
posterior view; b, internal view. ' · · 

FIG: 2. Distal end of left femur, inner side; a, inferior view; b, distal view. 
l!'IG. 3. Right astragalus, from above; a, from the front; b, posterior aspect; c, inferior view. 





PLA.TE LXIII. 

FIGs. 1-4. Bones of Coryphodon, No. IV, two-thirds natural size. 
FIG. 1. Lumbar vertebra, from below; a, anterior articular fac~. 
FIG. 2. Another lumbar vertebra, from below; a, from front; b, from behind. 
FIG. 3. Fibula of the right side, posterior aspect; a, external aspect; b, interior side; o, anterior side. 
FIG. 4. Left ilium, viewed from the inner edge, showing the sacral symphysis. 
FIG. 5. Glenoid cavity of another Coryph.odon. 
Fm. 6 .. Glenoid cavity of a third Coryphodon. 





PLATE LXIV. 

Ft·agrnents of different Cm·yphod01iB, one-half 11aturaZ size. 

l!'IG. 1. The anterior portion of an ilium, displaying both borders of the peuuncle. 
FIG. 2. The right ischium of the same specimen, from the inner side; a, posterior view. 
FIG. 3. Right femur of another specimen, anterior view. 
FIG. 4. Inner view of the same specimen. 
FIG. 5. Distal view of distal end of tho tibia of another individual. 
l!'IG. 6. Distal ond of supposed radius of another specimen, from above; a, distal view. 
l!"'IGS. 7-13. Fragments of T1·ionyx t'entricosus, natural size; all belonging to one E!pecimen, excepting Fig.l3. 
FIGs. 7-10. Fragments of costal bones. 
FIG. 12. Left hyosternal bone; a, from above. 
FIG. 13. Left hyosternal bone of a second specimen, inferior surface. 





l!"IGs. 1-11. Orotheriwm vintanum, natural size; portions of one individual. Page 255. 
FIG. 1. Left, maxillary bone with truo molars and t.hird premolar, viewed from below; 1£t, the satue, from 

tho left siue. 
FIG. 2. b, first, and a, third inferior true molars of tho rigbt sil1e, from above. 
FIG. :3. Fi.rst true inferior molar of tbe left side: a, from the inner, b, from tho outer, side. 
FIG. 4. The 1ight humerus, iotero-posterior view; a, extero-anterior view; b, proxiinal view of the frac-

tured head. 
FIG. 5. Dista.l end of tlle radius, inferior view; a, distal view. 
FIG. G. Pro~imal end of radius, proximal view. 
FIG. 7. Olecranon of right ulna, from the inner side. 
FIG. 8. The left femur, anterior view; a, fro'Q1 the inner side. 
FIG. 9. Shaft of the tibia, viewed from the front; a, section, proximal view. 
FIG. 10. Distal end of the left tibin, posterior view; a, anterior, b, interior, and, c, distal views. 
FIG. 11. Calcaneum, from above, the cuboid· facet broken off; a, the same, inner view. 
l<'IG. 12. Orotheriu.rn vintanum., fragment of right mandibular ramus of a second individual, the inner side, 

natural size. 
FIG. 13. Mandible of Orotltel'iwncristonense, viewed from above, natural size; a, viewed from tho left side. 

Page 254. 
l''IG. 14. Hight ramus of the same ja.w, viewed from tho inner side. 
FIGs. 15-17. Pragments of ja.ws of Orotheriun.t loevii. Page 257. 
Fm. 15. Fragment of left maxillary bone, twice natural size, viewed from without; a, the same, viewed 

from below. 
F'rG. lG. Left mandil.mlar ramufl, viewed from t.he outer side, uatural size; a, tbc same, from above; b, 

second molar, from a.uove, twice the uatural ~izc. 
FIG. 17. H.ight mandibular ramus, n:ttural size; from a.bovc; lit~, fourth premolar, twice natural size. 
l'Ict. 18. Fragment of left maxillary boue of Hyracotherimn cuspillai'um, supporting last two molar teeth 

viewed from below; a, tl:w same, ft·om the outer si(le. Page 267. 





PLATE LXVI. 

FIGs. 1-6. Jaws and dentition of Hymcolherium anguslicleus, Cope, natural size. Pag·o 265. 
FIG. 1. Maxillary uoncs, witll teeth ef botll sides, from uelow; la, right maxillary from tllo outer side. 
FIG. 2. Portion of the mandiule of t!Je same iodiviunal, with tllo posterior three molar teeth viewed 

from above; 2a, the same, from tho outer side. 
FIG. 3. Mandihle of a smaller individual of tlle same species, witll the three true molars from tho onter 

side; 3a, the same jaw, from above. 
FIG. 4. The posterior two superior molar teeth of another indiviJnal, from the outer si<lo; 4a, tlJC same 

fragment,, from below.· 
:FIG. 5. Tho ··third. aud fourth premolars of another individual, abnormally separated from eal'h other, 

viewed from above. 
FIG. G. The funrt.h premolar, with the first and part of the second true molars, viewed. front ••bovo. 
FIGs. 7-11. Jaws and dentition of Hyracotherium vasacciense, Cope, natural size. Page :264. 
FIG. 7. Last two molrtrs of the right side of both jaws, closed in natural relation, viewed from the outside. 
:Fw. 8. Maxillary bone, with teetll of the same, viewed from below. 
FIG. 9. Mandibular fragment of the same, viewed from above. 
FIG. 10. Portion of left mandibular ramus of anotliCr individ.ual, supporting tile last five molar!:! (sev­

enth and fifth imperfect), viewed from the inner side; lOa, the same, from above. 
FIG. 11. Portion of the left mandibular ramus of another individual: containiug the molars from the 

third to t-he sixth, viewed fro•n the outer side; lla, from the inner side; llb, from above. 
FIGs. 12-16. JawH and other bones of Hymcotheriurn tapi1·i11um, Cope, natural size. Page 263. 
FIG. 12. Posterior part of rigllt mandibular ramus, supporting the po"sterior two molars, viewed from the 

inner side; 12a, the same, from above. 
FIG. 13. Fragment of left man<liuular ramus, witll ~econd and third true molars of another indh•idna1, 

viewed. from the inner side; 13a, the same, from above. 
FIG. 14. Astragalus found with the jaw, l<'ig. 13, and perhaps belouging to the same animal, from above; 

a, n.nterior extremity. 
FIG. 15. Tibia, viewed on its distal end, helouging to the animal whose astragalus is represented i11 Fig.14. 
]i'JG. 16. Fragment of tbe left mandibular ramus of auotlter iudividua.l, containing the 1jrst and second 

true molars,·viewcd from tho outside; l6a, the sauw, from auove. 
FIG. 17. Right maxillary bone of Hyrachyns sing~tlaris, Cope, with the last five molars, viewed from be­

low, natural size; ·17a, from the onter side. Page :!67. 
FIG. 18 . .J;\.. part of tlw right maxillary bone of Mt·niscothcritttn chamcnse., Cope, one-half larger tha11 ua­

turo, coutaiuiug more or less of the posterior foul' molars froUI U('low j 1Eia, the same, from 

1lw right side. Page 252. 





PL.A_TE LXVII. 
FIGs. 1-6. Tortoises, onc-tllird tlle natural !:!izo. 
l!'IG. 1. Posterior marginal bone8 of TcBlllllo nnila.fct, t~·pical specimen ; ct, posterior border ot tenth mar-

. ginal bone. Page 283. 
l!'IG. 2. Acetabulum and parts of pelvis of the same specimen. 
l!'IG. :3. Canualmarginal bone of Testudo klettiana, superior face. Page 285. 
FJG. 4. A vertebral bone. of anot.her specimen, from above; a, from the side. 
FIG. 5. Pygal bone of another specimen, from above; a, from below. 
PIG. 6. Costal bone of another specimen, from above; a, from below. 
PIGs. 7, 8, 9. Portions of tortoises from tlle same region as tlle.last., natural size. 
Fm. 7. Anterior caudal vertebra of Testttdo, from below; a, from the left side. 
l!'IG. 8. Median and distal caudal vertebrrn of the same animal, from below. 
FIG. 9. A metapodial b~ne of the same animal, from above; a, proximal extremity. 
FIGs. 10-18. Bones of the typical specimen of Vnltu1· urnbrosus, mostly figured on tbe following plate, 

natural size. Page 287. 
l!-.IG. 10. Proximal part ofldt limb of the furcula. · 
FIG. 11. Left coracoid bone, from behind; a, from inner side; b, proximal end; c, distal end. 
l!'w. 12. Proximal part of ulna, from above. 
FIG. 13. Distal extremity of compound metacarpal bone, with first phalange lacking its inner border; 

a, distal view of metacarpals ; b, proximal view. of phalange; c, distal view of the sauie 
phalange of the other wing. 

FIG. 14. ischium, retaintng·.part of acetabular face, outer side; a, inner face. 
l<'IG. 15. Tarso-ntetatarsus, lacking the proximal extt;emity, with the inner free metatarsus, front view; 

a, posterior view, without free metatarsus; b, view of proximal end of fragment; c, view of 
distal extremity, from below. 

Fm. 16. Lateral view of free metatarsus; a, anterior view iu place. 
l!..,IG. 17. External digit of foot, wn.uting the tingnal phalange. 
FIG. 18. Third digit of foot, wanting second and fourth phalanges, from above; a, from tho side; b, pl:ox· 

imal view of first phalange. 





PLATE LXV iii. 

Bones of the skeleton oftlle typical specimen of ~ttltltr mnbroslts, natural size. 

FIG. 1. Beak, including nares and part of mand~ble, right side; a, left side; b, superior, and, c, inferior, 
views. 

l?IG. 2. Inferior extremity of the left quadrate bone, from behind; a, from below. 
FIG. 3. Posterior extremity of left mandibular ramus, external view; a, from above. 
FIG. 4. 'l'wo cervical vertebrm, loft side; a, from below; c, posterior of view of the posterior vertebra. 
FIG. 5. First dorsal, profile; a, from below; b, from before; c, from behind. 
FIG. 6. Third dorsal, lettering as iu last. 
FIG. 7. Fourth dorsal, lettering as in la"'lt. 
Fw. 8. Sixth dorsal, lettering as in last. 
l!.,IG: 9. ,Seventh dorsal, le.ttering as in last. 
PIG. 10. Sacrum, without posterior extremity, lettering as above; d, superior view. 
PIG. 11. Four proximal caudal vertebrre; a, from below. 
PIG. 12. Plowshare· bone, le~.tering as above. . 
FIG. 13. Anterior view of left humerus, partially restored in outline, with the omission of a portion of 

the middle of the shaft; a, posterior aspect of proximal ~xtremity of tho same;_ b, proximal 
view of the same. 

l!..,IG. 14. Posterior view of right humerus, which la.cks the head, the shaft restored. 
FIG. 15. Postero-exterior view 9f left ulna, the proximal portion. 
l! ... IG. 16. Proximal view of proximal extremity of left ulna. 
FIG. 17. Anterior view of right femur, the shaft restored in outline; a, proximal view of proximal ex­

tremity; b, distal view of distal extremity; c, posterior view of distal portion. · 
PIG. 18. Anterior view of left. tibia, restored. in outline; a, external view of same; b, proximal view of 

head. 
PIG. 19. Proximal view of head of fibula. 





PJ.JATE LXIX. 
FIG. 1. Right mandibular ramus of Canis w·sinus, natural size, external view; a, from below; b, from 

above; c, posterior view. Page 304. 
FIG. 2. Right mamlibubr ramus of Canis vheelerianus, natural size, external view; a, inferior view; b, 

superior view. Page 302. 
FIG. 3. Portion of mandibular ramus of Putorius narnbianus, natuml size; a, side view; twice natuml size; 

b, superior view, twice natt1ral size .. Page 305. 
l!'IGs. 4-12. Teeth and bones ofSteneojiber pansus, found togethe1·, uatnral size. Page 2H7. 
FIG. 4. Right maxillary and mandible, external view. 
FlG. 5. Right mandible, from above; a, from below. 
l!,IG. 6. Right maxillary, from below. 
FIG. 7. Inferior incisor, from the front; a, from the side. 
FIG. 8. Otic bulla. 
FIG. 9. Humerus, without distal end or proximal epiphysis. 
FIG. 10. Right ulna, proximal portion . 

. FIGS. 11-12. Long bones. 
PIGS. 13-14. Teeth of a young Steneojibm· pansus: 13, first inferior l_llolar,' external side; a, interior side. 
FIG. 14. Inferior incisor, showing transverse lines. 
FIG. 15. Right mandibular ramus of Eumys loxodon, natural size, external view; a, external view, one 

aml one-half natural size; b, superior view, one and oue~half natural size; c, superior view 
of inferior molar teeth, thrice natura.l size. Pa,ge 300. 

FIGs.16-20. Teeth of Panolax sanctmfldmi. Page 296. 
FIG. 16. Superior molars of right side, seen from below, twice natural size. The uum ber .is hy·pothetical, 

as they have not been found in place. 
FIG. 17. Superior median molar, natural siz·e, from the anterior side: a, inner border; b, external border. 
l!,IG. 18. Penultimate molar in place, but scarcely protruded, inner side, natural size. 
FIG. 19. First superior molar, twice natural size, front view; a, ext~rnal view. 
FIG. 20. Last superior molar, twice natural size, anterior view; a, posterior view. 
FIG. 21. Distal end of a femur found at a distance of six feet from the teeth of P. sanctmjidmi, and sup-

posed to belong to the same animal, natural size, superior view. 
FIG. 22, Proximal end of tibia, found with the precedmg femur, natural size. 
FIG. 23. Principal phalange of a Bird, side view, natural size; a, inner edge. 
Fra. 24. ~Free metftc[trpal of an undetermined Bird, side view, natural size. 





Mandible ctl/tCI'ior to the coronoid procesfl, tl( Ma8todon p1'0dnctn8, one-half natnl·al 8iZ(!/ the left posterior molar 
is the only one well pre8e1·ved. Pago ~o;;, 

FIG. 1. View from above. 
FIG. 2. The left side. 
FIG. :t Distal view. 
FIG. 4. Molar tooth of Elcpllas pr·irnigen·ius coltt.mbi, from Placita, one-half natural size, grinding fact>. 

Page 25. 





PLA_TE LXXI. 
Teeth and bones of Mastodon productus, one-half naturalBize. 

FJG. 1. Superior molars, from the first to the fourtb, of uoth sides, seen ft\)tn uelow ; the fonrth nut pro· 
truded. -

FIG. 2. The same series of the right side, viewed from within. 
FIG. 3. The last or ~:~ix:th inferior molar of the lower jaw, figurml in Plate LXX, frout the inner .sidu. 
FIG. 4. The sixth iuferior molar of a third individual, from above. 
FIG. r1. Fragment of a worn tllird molar; the grinding face. 
FIG. G. Fragment of the posterior part of a uwl~tr tooth. 
~~IG i. Extremit.y of a superior tusk. 
Fw. S. Fragment. of au iuferior tu~:~k, from above; a, distal extremity. 
FIG. H. Cuneiform houo of tlle l'ight. sidt~. from above; a, from below ; b, from bchiud. 





PLA'l'g LXXII. 

Bones of the ext1·em.i.li.cs of llfastodon prodnctus, ouc-jourth natu1•al sizr. 

FIG. l. Rigllt ulna, witllout epipllyses, outer sicle; a, the same. from above. 
FIG. 2. Os magnum, from t.h1~ front; a, from above; b, from below; c, external, d, internal f!lide. 
FJG :t Left femur, from ti.Jo front; a, from tho otltt•r sidl'. · 





PLA'I'E .LXXIII. 
Bones of speci~B of Aphelops, one-half nattu·,~l size. 

FIG. 1. Superior maxillary bone, with molar teeth, of Aphelops meridianu~t, v~ewed from below; a, from 
the external side. Page 317. 

FIG. 2. Meatus anditorius extern us and arljacetit parts of the specimen represented in Fig. 1. 
FIG. 3. Right mandibular ramus of Aphelops jemezanus, external view:; a, superior view. Page 3L9. 
l!..,IG. 4. Condyle of the,samo mandible, vitnved from behind; a, from above. 
FIG. 5. Cast of part of tbe cranial cavity of specimen of Oxyama fm·cipata figured on Plate XXXV, fig . 

. 7, seen from above, natural size; 5a, the same, lateral view. The area within tbe irn·gular 
line represents the portion of the int.eri~r .taule of the skull which is not eroded. 





PLA'rE LXXIV. 

Mandibles of Apllelops, one-half the natural size. 

FIG. 1. Mandible of the specimen of A. meridianus, figured on the preceding plate, from above. Most of 
tbe left ramus present in the fossil is omitted in the drawing. 

FIG. 2. The same mandible, seen from the left side, the inner face of the right ramus being exposed. 
l! ... IG. 3. Inferior view of the same ramus. · 
l!..,IG. 4. Inferior view of the right ramus of .Aphelops jemezanus, figured on· the preceding plate, seen from 

below, 





Tet!l h ancljaw fragm_cnls of Horses, 1tatnml.sizc. · 

FIG. 1. Iuferio1· view of the superior molar teeth and palate of the typical specimen of Hippot/11.rium ('(tla­
maTiurn; a, external.view of maxillary bone, containing three nnterior molars of left side. 
Pago 321. · 

FIG. 2. Portion of th~ lower jaw of the indrvidual of Hippotheriwn calamarium, figured in tho. preceding 
plate, containing the molar series, viewed. from t.he outer side; a, the same, seen from above. 

FIG. 3. Left superior molars of Hippotherin-m specioBmn, seen from below ; a, external side. TIJo series is 
interrupted by a fragment ofnuLtrix between the fourth and fifth molars. Page :322. 

FIG. 4. l!..,ragment of the rnandilmlar ramus of a Horse, witlJ three molar teeth, from above. 
FIG. 5. The first three inferior molars of a larger Horse, mnch worn, from above. 
FIG. 6. The incisor series of the individnai represented .in Fig. 5. 
FIG. 7. Worn superior molar tooth of a species of Protohippus, from below; a, the ext.ernal fa co .. Pago:323. 





Cra1ti1tm. of Procamelns oucidenlalis, three-fourths the natural Bizc. Page 329. 

FIG. 1. Superior surface. 
FIG. 2. Inferior surface. 
FJG. :.~. Snperior view of a cast of t.ho lmtin-cavity fl'orn the tmme ~;kull, two-thirds tho natural siz~ 

Pagt' 338. 





PLATE LXXVII. 

Cranium and teeth of Camels, three-fourths the natural size. 

FIG. 1. View of the side of the cranium of Procamelu.s occidentalis, fig-nred on the preceding pial c. 
FIG. 2. Posterior view of the same cranium. 
FIG. 3. Fragmentary molar dentWon of the lower jaw of a second ituli vidual, left ~;id~, from above. 
l"IG. 4. Portion of left mandibular ramus of Pliauchenia kumphresiana, ·from the outer side; a, from above. 

Page 344. 
Fw: 5. Portion of lcfG tmperior maxillary bone, with molars of Pliauclwni(t vulcanorum, external view; a, 

inferior view. Page 345. 
FIG. 6 .• Portion of superior maxillary bone of a Camel, with milk' dentition. Page 345. 





PLATE LXXVIII. 

Bones of Camels, tlweejourths the natuml size. 

FIGs. 1-9. Portions of the individual of Procamelus occidentaliB, whose cranium is figured in the preceding 
plate. · 

FIG. 1. At1as, from below ; a, from the right side; b, from behind., 
FIG. 2. The axis, from the front. 
FIG. 3. An anterior cervical vertebra, from above ; a, from behind. 
l~JG. 4. A cervical vertebra behind the last figured, from the right sido; a, from front; b, from below. 
l?IG. 5. A dorsal vertebra, from the left side; a, from the front. 
PIG. 6. A lumbar vertebra, from below; a, from behind. 
FIG. 7. Proximal view of scapula. 
FIG. 8. Distal view of humerus. 
l"IG. 9. Distal view of ulno·radius. 
FIGS. 10-11. Bonesoffoot of a larger Camel, found together. 
PIG. 10. Trapezoides, outer side : a, inner side. 

0 

FIG. 11. Unguis, from side; a, from above; b, from behind; c, from below. 
FIG. 12. Cuboid bone of another Camel, external view ; a, internal view ; b, superior view; .c, inferior view. 





PLATE LXXIX. 
Bones of the Pl'ocantelzts ocoidentalis of the intlit;idtwl flflll'l'ed tin the two preculin[J plaie.'i. 

FIG. 1. Humerus from front; a, from the side; b, view of head. 
·.FIG. 2. Ulno-radius, from front. 
FIG. 3. Carpus, lacking the unciform bone, from front; a, from behind. 
FIG. 4. Proximal view of first series of carpal boD;es. 
Fro. 5. Distal view of the same. 
FIG. 6. Cannou·bone, from front; a, from behind. 
FIG. 7. The first phalanges, from f1·out; a, from behind. 





PLA.TE LXXX. 
Portions of hm·ns of Dicrocerus f~trcatns, nat,uml size. Page 350. 

FIG. 1. Basal portion, with part of tho frontal bone of tho right side, exhibiting the burr; a, posterior 
view, showing part of the scar left on the removal of part of the bnrr; b, the same, from outer 
side ; c, section of broken apex. 

FIG. 2. Distal portion of the same horn, front view; a, inner view; the intermediate part is lost . 
. FIG. 8. Beam of right horn of specimen No.2, with bases of antlers, from front; a, from onter side; b, 

fragment from opposite side of the same animal, displaying burr on an antler. 
FIG. 4. The fourth specimen described in the text, belonging to the left side ; a, extremity of antler 

· fractured and anchy losed. 
FIG. 5. Horn of right side of a .fift3 individual, the base broken away, interior Yiew; a, anterior view. 
FIG. 6. Fragment of left horn found with the preceding specimen, as though belonging to the same ani­

ma~, but different iu proportions. 
FIG. 7. Longitudinal section of the beam of a horn of Dicroce1·us furcatus. 





PLATE LXXXI. 
Figures of the horns of. Dicroceri, natural size. 

FIG. 1. Beam of Dicrocerus furcatus, from within, showing the scar of tho burr ; a, section of the same, 
showing the spongy tissue uninterrupted and the dense tissue unbroken. Page 350. 

FIGs. 2-6. Dicrocerus necatus. Pagfl 353. 
FIG. 2. Horn of the right side, inner view. 
FIG. 3. Horn of the left side of the same animal, external view; a, the same horn_, viewed from the front, 

displaying the lef~ frontal bone distorted. 
FIG. 4. Right horn, minus the antlers, of another specimen, exhibiting burr on the anterior antler. 
l!'IG. 5. Right beam of another animal, displaying burr on beam. 
FIG. 6. Beam of right born of another individual, displaying burr. 
FIG. 7. Parts of frontal and parietal bones of Dicrocerus teres, external view; a, the same piece, posterior 

view. 
FIG. 8. Fragment of horn of Dicrocerw1 trilateralis; a, section of proximal end; b, section of distal end. 

Page 357 





},IG. 1. 
},IG, 2,. 

FIG. 3. 

PLATE LXXXII. 

Figures of Dim·oceri, natural size, excepting Pigs. 8 and 9, which m·e one-half natuml size. 

Left mandibular ramus of Dicrocerus furcatus, exterior side; a, superior aspect. Page 352. 
Right mandibular ramus of Dicrocerus necatus, from the specimen figured in Plate LXXXI, figs. 2 

and 3, external view; a, superior view. Page 354. · · 
Maxillary bone and teeth of D. necatus, of the specimen figured in Plate LXXXI, fig. 4; ct, externafl 

view. 
FIG. 4. Fmgment of lower jaw, with last molar, of specimen represented by Fig. :3. 
FIG." 5. Superior part of mandi bnlar ramus of left side of· another specimen, <luubtfnlly referred to D. 

necatns (type of D. mmosus); a, superior view of the Sttme. 
FIG. 6. Anterior view of frontal bones aull portions of horns of Dicrocents teres; a, view of the san1e, 

from above. Page 356. 
FIG. 7. Symphysis mandibuli of Dicrocents trilatemlis, external view; a, superior view. Page 357. 
FIG. 8. Symphy~:~is pubis and ischii of t.he sa.me specimen, from below, one-half uatnral size. 
FIG. 0. External view of acetabulum of individual represented iu Figs. 7 and 8. 
FIG. 10. Anterior part of mandibular ramus of Dicrocerus telwanus. Page :359. 
FIG. 11. Corresponding part of a11 individual tloubtfnlly referred to D. tch1tauus. 
FIG. 12. H.ight mandible, with teeth, of another individual, referred with doubt to D. tdwanus, external 

view; a, superior view. 
FIG. t:t Posterior inferior molar tooth of Dierocf'ntR gmnmifcr, with a fragment of the jaw, ·outer side: 

a, inner t-~iclt•. Page 360. 





PLATE LXXXIII. 
Pm·tionB of the skeleton of DystrophaJUB viromalw, F01n the. Tt·ias of Utah, collected by Pt·of. J. s. Newberry, 

one-fifth nafttral size. · 

FIG. 1. Supposed scapula, external side; a, section of the same from a t!ansverse fracture near tho mid­
dle of the leugth. 

FIG. 2. Su1?posed left humerus, inner side; a, anterior, b, external sides; c, proximal end; d, distal end; 
e, section of shaft near t!Je middle. 

FIG. 3 Distal extremity of suppo~cd ulna, distal view; a, view of fractured section of shaft of same, 
ten inches al.Jove the extremity. , 

FIGs. 4, 5, 6. Metapodial bones: a, proximal extremities; b, distal extremities. 
FIG. 7. Inner face of the left half of the posterior portion of the cranium of Coryphodon elephantopus :fig­

ured in Plate LI, tlispla.yiug tiJe left half of the hrain-cavity and the air-chambers; one­
fourth natural size. 
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