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THE CARBONIFEROUS FORMATIONS AND FAUNAS OF 
COLORADO. 

By GEoRGE H. GrRTY. 

INTRODUCTION. 

In the following pages the geology and paleontology of the Carboniferous rocks 
of Colorado are discussed from the viewpoint of the stratigraphic paleontologist . . 
This viewpoint is also that of one not personally acquainted with the field in question, 

except in very small measure. I made or assisted in making a few collections of 
fossils, and enjoyed the privilege of being connected for a month with a field party 
under the charge of Mr. Whitman Cross during the season of 1900. Most of the 

extensive collections which I have studied are the work of others, an~ the strata, in 

their characters and mutual attitQdes, have b~en viewed only through the pages of 

geologic reports. The tendencies of my work are almost exclusively toward the 
his.torical geology, for from the nature of the case, even had I wished, it would have 
l:)een difficult to dear with the structural or economic phases of the. subject. 

The paleontologic data for thi~ work reside in a rather extensive collection from 

200 localities~ representing the available .resources of the Geological Sui:vey and the 
National Museum in the matter of Colorado Carboniferous fossils. In the paleonto­
logic discussion the purpose bas been not so much to see what or how many species 

occurred w~thin. the limits of Colorado as to asce~tain their grouping into local and 
formational faunas, and to determine, if possible, by J;neans of the invertebrate fossils, 

the relation to one another of the ~trata forming the different more or less discon~ 

nected and isolated areas of Carboniferous outcrop: Aside from such correlative 
indications as the study of the~e collections has furnished, a fact of some interest, 

though by no means for the first time brought to notice, is the close relation which 
evidently. existed in ·Carboniferous time b~tween the Colorado seas and those of the 

Mississippi Valley. Almost the entirety of the numerous fauna recognized in 
Colorado occurs also in the coal fields of the Ohio and Mississippi valleys, and it has 
been found ~ecessary to describe but v~ry few species as new. 

7 



8 OARBON!l!'EROUS FORMATIONS AND FAUNAS OF COLORADO. 
,. 

In a work which has suffered from so frequent and so prolonged interruptions 

as this, giving opportunity for many changes of opinion-one, too, in which facts are 
invoived so many and ~o variously 1:elated-I can hardly expect to have escaped 
errors and inconsistencies. The hope is entertained that they will not detract too 

much from what value this . work would otherwise have .had. The task proposed has 
been found a difficult one, appreciation of its magnitude growing as investigations 

into literature and faunas progressed. It has proved, indeed, that the points in 

relation to which . a demonstration was possibl~ are few, and not, perhaps, very 
important. The facts are not at hand to determine many of the questions which 

have arisen at different points of my investigations, I have permitted myself, how­
ever, to frame a number of hypotheses, and to suggest a number of possibilities. It · 

would indeed ·be gratifying to think that in this way the solution of problems 

whose answers have eluded me has in any measure been facilitated. 
It seems desirable to offer a !ew words of explanation, or it may be of excuse, for 

several omis~ions and co~missions In the following . p~ges that q1ay be considered 
serious enough to excite criticis~. One lic~nse which I have permitted · myself is 

the equalization, for purpose~ of convenience and simplicity, of zoological groups 
whose unequal importance i~ gene_rally recognized. That the difference is of so 

general recognition is perhaps _the greater excuse for this lax usage, this concession 
to convenience. I refer at present especially to the · placing . of the Bryozoa · and . 

Brachiopoda and the several divisions of the true Mollusca '\lpon_ a temporary parity 
with the Protozoa, the sponges, aJ:?.d the other groups having the r~nk of classes. This 

arrangement has been observed in the "tables and in the discussion of. species, and is 

one w~ich th~ pale~ntologist is alm0st certain to make, mentally at least, in studying 
a varied fauna. It amounts, in sP,ort, to -breaking up the larger and ~p.o:re unwieldy 
groups into recognized subdivisions, f_rom which the master titles· ~re omitted. ·A 

\ . . . . 
slightly different practice is that of the constant use of stibgeneric names. in a titu-
larly generic sense. For convenience and brevity, each subgenus has ~een written 
free, as if it were an independent_ genus; an indulgence from which I would certainly 

have abstained had this work been planned upon systematic or biologic lines . . 

Many are the names which would be mentioned if all were to be set down to whom 
recognition is due ;for assistance, great and small, in the preparation of this paper. 
·First, perhaps, should be mentioned the geologists, Messrs. Cross, Spencer, Eldridge, 

Emmons~ Lee, and others, through whose accumulation of material my work was. 
not only. made possible but even suggested. Acknowledgments are due also to the 
Museum of Cliicago University, from which, through Mr. Stuart Weller, I have · 

enjoyed the privilege of examining and illustrating some specimens importantly 
connected with my subject. I have consulted freely ·· with my colleagues, ~1r. 

Schuchert, Mr. Ulrich,_ and Mr. Bassler, upon paleontologia whenev~r occasion has 
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required, and pFofited frequently by their advice. Mr. Stanton and Mr. Cross have 
also been consulted upon points . connected with the general plan and its execution, 

and to them and others some o£ the more .far-reaching · considerations touched upon 
have been referred. My acknowledgments should · not, however, be brought to a 

close without an expression of thanks to Miss Frances Wieser and Miss Mary 
Mitchell, who have executed the drawings by which the paleontologic portion of this 

work is illustrated. 



BIBLIOGRAPHY. 

In the bibliography to follow I have endeavored to include all papers which 
contain information about the Paleozoic, and espedally the Carboniferous, rocks of 

Colorado. It wou]d be hard to overestimate the service which the general bibli- _ 

ographic works on Amer5.can geology compiled by N. H. Da~·ton and by F. B. Weeks 
have rendered in this effort. Without them it would have been practically impossible 

, to attain the completeness now reached with comparative ease. 

The bibliography as it now stands includes nearly 140 entries,- all of which have 
been examined with greater or less care, as occasion seemed to demand. Only a 

comparatively few of the~e, however, were :found to contain matter which it is 

necessary to bring into discussion. On th~ other han~, the . works includeq in the 
bibliography form but a small portion of those more hastily examined in the search 
for matter relating to the subject in hand. Selection was frequently not easy and 
may not always have been made with discern·ment and uniformity. Many works, of . 

which the very early accounts of travel form one class and the briefer papers of an 

economic n~ture another,. touch so lightly upon the stratigraphic and historical sides 
of the geologic question that it really seems to matter little whether they are 
included or not. They boldom contribute much, still less often anything different or 
new, to the subject. I endeavored to select from this material in a uniform manner. 

If failure has arisen it has been not .through any wish, but through an inability , 
to select impartially. 

1 

The earliest publications seen by me in which ro-cks of Carboniferous age are 

reported in Colorado are two geologic maps of the United State~, one by 
Hitchcock, the other by Marcou; Both appeared in 1853. Marcou colors in a small 

area of Mountain limestone in the northern part of· the State. Hitchcock r~presents 
three areas of Coal Measure rocks, one having somewhat the position of that drawn 

by Marcou, anoth,er apparently occupying somewhat the position of the San Juan 
Mountains, while a third appears to be situated about. where lies the Sangre de Cristo 
Range. As has long be~n. known, Marcou's Mountain lim.estone in the West is for 

the. most part really Upper Carboniferous_, so that for the State of Colorado 
Hitchco~k's map is . rather more accurate than Marcou's, but geologic knowledge of 

the West at that early day was so imperfect and fragmentary that ·n~ither map has 
10 

.. 
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more than a historical interest. Hitchcock's map went through several editions 
without change; Marcou'~ was republished a number of times and frequently alt6red. 

Perha_ps its best form is that which accompanied his Geology of North America in 

1858. These maps were the precursors of a number of simj.lar attempts which have 
appeared from time to· time and which for the present culminate in the McGee map, 

the latest and so far the best general geologic map of the United States. Maps of 
this sor.t form a rather distinct but small and relatively unimportant branch of the 

literature relating to the geology of Colorado, and I have made no determined effort 

to include all of them in my bibliography. T!Ie scale to which they are drawn and 

the unequal character of the information upon which they are based, brought 

together from a variety of sources, do not permit the eras to be so subdivl.ded or the 
divisions so represented upon the map as to be ·serviceable for detailed compa,risons . 

.They can not present the facts· in the detail of the original reports which furnished 
them and which form the natural material for a bibliography. J. ::Marcou and ,T. B. ' 

Wlarcou a and C. H. Hitchcock b have published descriptions of the general geologic 

maps ~f the United States." 
The earliest account of actual geologic exploration in Colorado is that pub]ished 

by Schiel in 1854. Schiel traversed a large tract of country very hastily, one 
would judge, and his brief accou~t, which in the light of later explorations contains 

nothing of geologic importance, is of only historic interest. He entered the moun­
tains by the way of the Huerfano River, crossed the Sangre de Cristo Range, 

traversed the south-central part of the State, and passed on to Salt Lake · through 
the San Juan and Wasatch mountains. He describes the lithologic character of both 

sedimentary and igneous rocks traversed on this route, which was not orie best 
suited to display the Paleozoics of Colorado, but obtained no fossils · from the older 
rocks of the State, and only in one instance attempted to assign any of them to a 

definite geologic periqi:L In the Sangre de Cristo Valley he mentions as Cam brian 

(p. 123) a bluish brittle limestone associated with hard shale and sandstone. 
This is clearly not Cambrian, and if not one of the Carboni~erous ·limestones is 

· more probably of Cretaceous or Tertiary age . . It, would be possible, though cer­
tainly unprofitable, by careful comparisons of lithologic character and geologic 
po~ition, and with · the aid of the maps and descriptions of later geologic work, to 
determine the formations to which many of the beds mentioned by Schiel probably 
belong, but · it has not been attempted. This report was republished in its original 
form the year following (1855). 

The account of the geology of the Upper Missouri, published by Hayden in 
1863, though no longer of _practical va]ue, on account of more accurate work in the 

aU. 8. Geol. Survey, Bull. No.7, 1884. bAm. Inst. Min. Eng., Trans., vol. 15, 1887, pp. 465-4~. 



12 CARBONIFEROUS FORMATIONS A.N:p FAUNAS OF COLORADO. 

same field by the same g·eologist and others coming after, wa~ at the time a real and 
important contribution to the geologic literature of Colorado. Tpis report, so far 
as it ' relates to this subject, deals with the formations exposed along the eastern 

margin of the Front Range. In 1868 appeared two other papers by the same author 
dealing with the same subject, which will be referred to in the resume of historical 

geology. 
Hayden's third annual report, published in 1869 and afterwards reprinted, gives 

an account of a hasty but extended trip thro~gh eastern Colorado and New Mexico, 
which i:; reviewed in the resume, to follow. 

In 187 4 appeared the first of a series of four r~ports in which the geology of the 

entire State was outlined by means of reconnaissance explorations systematically 
planned. -The discussion of the material contained in these reports forms one of the 
most important parts of my resume; The one which appeared in 187 4 is the seventh 

of the annual reports of the Hayden survey. It contains reports by Hayden~ End­

lich, Peale, and Marvine. The same year saw the publication of Ruffner's report on 
the geology of the Ute country. A topographic map of a large portion of Colorado 
accompanies this report, the text of which is largely descriptive of geographic and 

other features. Brief geologic reports by F. Hawn and L. Hawn accompany it, 
dealing chiefly with ~he Sangre de Cristo, Elk, and San Juan rnounta.ins. This will 
be discussed in more detail below. 

In 1875 was published the third volume of the final reports ·of the Wheeler sur­

vey, containing a description by Stevenson of a very extensive area in central Colo­
rado examined ·during the year 1873. This will be considered in detail later on: 

The same is true of a report by Cope on northwestern New Mexico, in which, how- . 
ever, the geology of a,. portion of Colorado is incidentally considered. Endlich 

discusses the mines and geology of the San Juan country, in which, thougQ. the 
sedimentary, beds are not described in . the text, Carboniferous limestone and ·Car­
boniferous sandstone are represented, on a map accompanying 'the report, in the gen­

eral region of Silverton. 
In 1876 was published the eighth annual report of the Hayden survey-'-the 

second one dealing .· particularly with the geology of Colorado. It contains reports 

by Holmes, Hayden, Endlich, and Peale, all .of which are considered in detail in 
the geological discussion. S~ G. Williams described the geology near Canyon; 
Powell's book upon the geology of the Uinta Mountains, with a paleontologic por­

tion by White, also appeared; and a series of maps by Gilbert, Marvine, and Howell 
were published the same year. 

In 1877 appeared the ninth annual report of the Hayden survey, containing 
papers by Holmes, Endlich, Peale, and Hayden. ;· These, so far as they concern the 
subject in hand, are discussed in detail in the resume. The same year saw the publi-



BIBLIOGRAPHY. 13 -

cation of the sec.onci volume of the Fortieth Parallel Survey by Hague and Emmons, 

setting forth the descriptive geology of the territory examined by that organization. 

Such portions of this work as relate to the Carboniferous of Colorado are discussed 

below; but th~ volume by Clarence King on the ·systematic geology (Vol. I), which 

was publis};led the . year following; is more advantageous in its arrangement 

and comparisons. The brief discussion by Peale and Stevenson as to the age of the 

Rocky Mountains is included in my bibliography, because, while not directly bearing 

upon the historical geology of the Paleozoic, it deals with factors which determine 

the distribution and ·characteristics of sediments and faunas. 

In 1878 appeared the tenth annual report of the Hayden survey-the fourth and 

last volume dealing particularly with the geology of Colorado. It contains reports 

by Peale, Endlich, White, and Holmes, which, so far as they pertain to my subject, 

are discu~::~sed in the resume. The same year was published the volume on system­

atic geology of the Fortieth Parallel Survey. In this volume King has assembled 

with industry and discussed with judgment the facts available from many sources at 

the time of his writing. The arrangement is such as to make it more convenient for 

my purpose than the individual accounts upon which it is based, and these, therefore, 

I have as a rule laid aside in favor of King's more correlated work. 

In 1879 was published a preliminary report by Stevenson on operations in Colo­

rado and New Mexico. In Colorado the only Carboniferous area touched on is that 

on the east side of the Sangre de Cristo R~nge, from Spanish Peaks to Costillo Peak. 

The facts upon which this report is based are given i.n greater detail in a publication 

which appeared in. 1881, and I have not, therefore, given it special consideration. The 

paper by Henrich on the ore deposits of Leadville, wqich appeared this yea·r, is the 

first of the numerous series of short articles relating especially to the economic geol­

ogy of this great mining camp which were published for some time preceding and 

immediately following the publication of Emmons's Leadville monograph. 1 will 

include these in the bibliography, but not refer to them individually . . 

In 1880 Dutton issued a publication on the Permian of North America, in which 

he refers part of the Red Beds of . Colorado, etc., to the Permian, the upper portion 

being Triassic. Hayden expressed somewhat the same view the same year, in 

describing the Twin Lakes and Teocalli Mountain. 

The most important work relating to this subject which appeared in 1881 was 

Stevenson's report upon examinations in southern Colorado and northern New _Mex­

ico, a preliminary account of which was published in 1879. The only Carboniferous 

area in Colorado discussed in this paper is . that along the east side of the Sangre de 

Cri~to Range from Spanish Peaks to Costillo Peak. 

A paper which appeared in 1883, ''Notes on the geology and mineralogy of San 

.Juan County, Colo.," by T. B. Comstock, so far as it concerns my subj'ect, is largely 
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an abstract of the work of th~ Hayden survey, in which many of .· the errors commit­
ted .. by Endlich are repeated~ Thus the · early Paleozoics are. described as having 
furnished the material out of which the "'metamorphic series" was formed, ·whlle all 

the Upper Carboniferous _beds, w~ich were later called the Hermosa formation~ are 
referred to the Lower Carboniferous. Probably, however, this term is here 
employed in the objectionable sense in which itwas used by the Hayden survey--to 

- indicate the lower port~on of the Carboniferous section of any particular region. 
Broadhead's paper on the .• Juratrias, imblished thi~ yeal', concerns us in that some of 
the strata called J uratrias, in Goloraqo are probably Carbonif~rous. On the other 
hand, his paper is a summary or digest of the literature, practically .without discus­
sion, .conclusion, or new matter of any sort. Of a similar bibliographic nature is T. S. 
Hunt's description of the progress of geology for 1882. It is of subsidiary interest 
to this resume as containing an abstract of the results of Emmons's ·Leadville work. 
A: paper by Hallowell, entitled "Supposed J uratrias of the Front Range~" seems to . 

be a~ effort to prove that no J uratrias exists along the Front Range of Colorado 
and that the rocks calleq such actually overlie the Cretaceous. 

In 1884 little or nothing bearing upon the matter in band was published, and in 
1885 only papers of a less jmportant kind. In the latter year Emmo~s, in his report 
upon the Rocky Mountain division, ealls attention to two unconformities, one pre­
.J urassic, the other intra-Carboniferous, which had not previously · been detepted. 
These were observed in the Elk Mountains, and were later discussed. and repr~sented 
in the Anthracite-Crested Bptte folio. 

The important event of the year 1886, so far as it concerns this ,subject, was. the 
. publication of Emmons's Leadville monograph. This . work will of course receive 
attention in the resume. The other publications of the year are of minor importance. 
Stevens briefly describes the geology of the San Juan region in a report which adds . 
little ~r nothing to the Hayden survey. Emmons somewhat .casually describes · the 
section at Red Cliff in which the Sa watch , Yule, and Leadville formations are said to 
occur. . / 

_In 1.887 appea:red a nrim ber of papers of the less important sort. Comstock 
described the geology a~d vein structure of a large area in southwestern Colorado in 
a paper which will be discussed later on in the resume. Olcutt described the Battle 
Mountain mining district of Eagle County, giving the geologic section observed 
there. To one familiar with the sequence in central Colorado the Paleozoic charac­
ter of these beds is clear, but the author makes no attempt to correlate Jhem with 
other sections or to fix their geologic age. Lakes descr~bed the geology 'of. the Aspen 
Q.istrict in a paper which will be referred to later. A map of the United States _by 

··Hitchcock appeared this year, and to this I have ·already .made general reference. 
Areas of Carboniferous (called Permo-Carboniferous) are shown 'in Colorado some-

l. ..· ........ 
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what as in the Hayden atlas. Tilden also describes the ore deposits at Red Cliff, and 
gives the geologic sequence occurring there. This will be mentioned sep::}.rately 
below. 

In 1888 Emmons published a preliminary note on Aspen, in which the section in 

that vicinity is described and compared with the Leadville section. As the statement 

of fact is little different from that in the Aspen monograph, by. Spurr, I shall not give 

this paper special reference in the resume. Kedzie bri~fly describes the ore d~posits 

and geology of the Red Mountain mining district of Ouray, and Siver and Brunton 

those of Aspen. Brunton's is an able paper, with figures of models showing topogra­
phy, and a carefully considered section in which the same formations as those_ at Lead­

ville appear. The Weber formation is referred to the Middle Carboniferous, and the 

upper beds of the Carboniferous are not considered. Lakes discusses the geology 
of Colorado ore deposits in a paper which was published ·in the same form in two 

places. So far as concerns my subject this paper was too general and elementary, as 

to both geology and paleontology, to require especial consideration. 
Again, in 1889 the geology and mineral 'deposits of Aspen were treated by Hen­

rich !n a care~ully prepared paper, published in the Transactions of the American 

.· Institute of Mining Engineers. · Henrich compared his section with that of Emmons 

at Leadville, and that of Lakes, published in 1887, and called attention to several 

errors made . by the latter. His section closed with the Weber shales, so called. 
White described the geology and physiography of the e!tstern portion of the Uinta 

Mountains in a paper whose geologic bearing is rather structural than historical. 
Eldridge described the geologic sequence in the vicinity of Denver from the Archean 

up. The lowest sedimentaries are, of course, the Red Beds, whose characters are 

g·iven and whose age is discussed. 
In 1890 Newberry published some notes upon the geology of the Aspen mining 

district. The divisions recognized by him are the Cambrian quartzite, the Silurian 
quartzite and limestone, the Lower Carboniferous dolomite, the Lower Carboniferous· 
blu·e limestone, . the Middle Carboniferous shale arid shaly limestone~ the Middle Car­

boniferous limestone, and the Jura-Triassic sandstones. The equivalence of thi::; 

section with that adopted by Spurr in his Aspen monograph is too obvious to need 

special discussion. Apparently ~ewberry's two Middle Carboniferous formations 
are the same as theW eber formation, while the J uratrias, of which there are said to 
be many hundred feet, comprises the Maroon formation and the bright-red sandstone, 

noted by Spurr in the Lenado Canyon. Emmons's paper on orographic movements 

in the Rocky Mountains is imp01~tant to the subject in hand because of its bearing 
upon the disposition of land and water in Colorado during Carboniferous time and 
the relatio~ of the Carboniferous faunas and sediments at different points in this 

State. This subject will be considered at a later place. The sam~ author describes, 
in McFarlane's Railroad Guide, the Carboniferous of Colorado, but from the nature 
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of the case .the discussion is a general one. Eldridge?s paper on structural features -
n·ear Denver contains ,an incidental .deseription of the Triassic and later beds, and an 

account of some of the peculiarities· of distribution. 
A paper ~y Cannon in 1892 describes the geology In the vici.nity of Palmer 

Lake, along the Front Range._ He recognizes the absence of Paleozoics in this · 
viduity, but calls attention to the prevalence of chert bowlders, both free and in 
conglomerates, containing Paleozoic types of fossils. He concludes that they repre­
sent exposures of certain beds that have long since been eroded. It is from an occur­
rence similar. to those recalled by Cannon that the fossils described by. White from a 
conglomerate in Larimer County were obtained. During the same year appea,red 
papers by ' Eldridge, Farish, and McMechen, which have little bearing upon my 
discussion, but are included in the bibliography. This is less true of. a paper by 
·c. D. Walcott, wh~ describes the Paleozoic section at Canyon, and gives lists of 
fossils; So .far as Mr. Eldridge's paper concerns us at all it embraces the same strata 
described by walcott, . whose section is mentio'ned particularly in my discussion. 

In 1893 G. L. Cannon described the geology of Denver and vicinity. The oldest 
sedimentary strata considered are of course the Red Beds, which he refers to the Triassic 
and Jurassic, but because they are possibly, in part, of Carboniferous age, this paper 
comes properly within my purview. The same area has been made the subject of a 
monographic study by Emmons, Cross, and Eldridge, and I will not, therefore, give 
Cannon's account further consideration. The itinerary iP, ~colorado .or the Fifth 

International Geological Congress, which took place in 1891; was arranged and 
described chiefly by S. F. Emmons and Whitman Cross, and their reports were 
published in 18~3, in the Comptes Rendus of this_ body. They add, however, little 
or nothing to the present discussion, and it probably will not be necessacy to refer 
to them again. , 

In 1894 appeared the Pikes Peak and the Anthracite-Crested · Butte folios (Nos. 
7 and 9 of the Geologic Atlas of the United States). The Pikes Peak folio was the 
work of Whitman Cross, who contributed to the Anthracite-Crested Butte folio 
the description of igneous rocks, while G. H. Eldridge described the sedimentary 
formation~, and S. F. Emmons discussed the· geologic history of the Elk Mountains. 
These two volumes form important accessions to. t~e literature which I am consider­
ing, and will receive particular discussion at a more appropriate point. 

. The Geology of the Denver Basin, by Emmons, Cross, and Eldridge, in 1896., 

deals with the area about Denv.er, as the title indicates, in which strata belonging to 
the Red Beds rest directly upon the\ gran_ites and metamorphics of the Front Range. 
Though this series is referred by these authors to the Triassic, the probability that 
part of it belongs to the Carboniferous has made it necessary to 'include thjs series 
and all papers relating to it in my discussion. To this monograph I will therefore 
refer in the resume of geologic literature below. 
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In 1897 appeared a number of minor articles by Lakes, Drape1·, Rickard, and 

others. Some of these are included in the bibliography, but require no special dis­
cussion. The Pueblo folio, by G. K. Gilbert, which was published the same year, 

receives consideration in connection with the Pikes Peak and \Valsenburg folios in 
the resume. 

The Aspen monograph, by Spurr, with an introduction by S. F. Emmons, and the 
Tenmile folio, by Emmons, tvhich were published in 1898, are two works of detailed 

and monogTaphic charact\w, such as have established sections at a number of points 
through the State, serving as convenient standards of comparison with each other 

and with works which have more of the character of reconnaissance. To these it · 
will he necessary frequently to refer. 

The same is tru~ of the Walsenburg folio, by Hills, and the Geology of the Rico 

Mountains, by 9ross and Spencer, which appeared in 1900. I have hesitated to 
include in the bibliography two papers by A. C. Spencer and myseH, which were 
published this year. They deal with the Ouray limestone and its Devonian fauna, 

and their connection with the present subject eonsists in the fact that this £ormation 

and fauna were for a long time considered of Carboniferous age; that the Ouray lime­
stone does, locally at least, contain a Mississippian fauna in its upper part, though this 

·was not known at the time these papers w.ere written; and that I erroneously referred 
two specimens of this Mississippian fuana to the Devonian. I shall have occasion 

several times to refer to these facts, but it will not be necessary to give special dis­
cussion to the papers themselves. 

In 1})01 N. H. Darton read a paper before the Geological Society of America 
upon a comparison of the stratigraphy of the Black Hills with that of the Front 

Range of the Rocky Mountains. This paper was never published in full, but iden­
tical abstracts of it appeared in the bulletins of the society and in Science. No detail 

is naturally expected from this paper, but some interesting comparisons and corre­
lations are made between the Front Range section and that of the Black Hills. I 

will briefly discuss this paper at a later point. Elmer S. Riggs the same year 
described the Dinosaur beds of the Grand River Valley in southwestern Colorado. 

- To this paper also I shall somewhat briefly refer later on. 

In 1902 only two papers have come to hand dealing directly with the Paleozoic~ 

of Colorado. Both are . by W. T. Lee. In one of them he describes the areal 
geology of the Castle · Rock region. This paper i~ of interest because it describes 

one of the rare occurrences of well-defined Paleozoic strata along the eastern 
margin of the Front Range in Colorado, and I shall make special reference to it in 

my resume of geologie literature. In the other he speaks of the Carboniferous 
beds of the Sangre de Cristo Range, and to this, too, I will give further consideration. 

14364--No. 16-03--2 



18 CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO. ( 

PUBLICATIONS DEALING WITH THE CARBONIFEROUS ROCKS OF COLORADO. 

1853. 

HITCHcocK, EDWARD. (?utline of the geology of the globe, and of the United States in particular, with 

two geological maps and sketches of characteristic American fossils, Boston, 1853; second edition, 

Boston, 1854. 

MARcou, JuLES. Geological map of the United States and British provinces of North America, with 

explanatory text and geological sections, 92 pages, 8 plates, Boston, 1853. 

--·- Soc. geol. France, Bull., 2d series, vol. 12, pp. 813.:...936, map plate, under title, .Resume expli­

catif d'une carte geologique des Etats Unis et des provinces anglaises del' Amerique du Nord, 

~vee un profil geolt;>gique allant de la vallee du Mississipi aux cOtes du Pacifique, et une planche 

de fossiles. 
1854. 

ScHIEL, JAMES. Geological report of the country explored under the thirty-eighth and forty-first 

parallefs of north latitude in 1853-54. Report of explorations for the Pacidic Railroad on the 

line of the forty-first parallel of north latitude, by E. G: Beckwith, pp. 120, 8°, Washington, 

1854. 
1855. 

MARcou, JuLES. Geological map of the United States and British provinces of North America, w~th 

explanatory text and geological sections, 92 pages, 8 plates. Map in atlas to Voyage dans 

.1' Amerique du Nord, par G. Lambert, Bruxelles, 1855. . 

- .-- Geological map of the United States and British provinces of North America, with explana­

tory text and geological sections, 92 pages, 8 plates. 'Annales des Mines, vol. 7, p. 320, pl. 9. 

--- Ueber die Geologie der Vereinigten Staaten und der englischen Provinzen von Nord-Amerika. 

Petermann's Mitt., vol. 1, pp. 149-159, map, 4°, 1855. 

ScHIEL, .JAMES. Geological report of the country explored under the ' thirty-eighth and forty-first 

parallels of north latitude in 1853-54. Explorations and surveys for a railroad route from the 

Mississippi to the Pacific Ocean, voL 2. Report, explorations for a route for the Pacific Railroad 

on the line of the forty-first parallel of north latitude, by. Lieut. E. G: Beckwith, pp. 96-112, 4°, 

Washington, 1855, Thirty-third Congress, second session, Senate Ex. Doc. No. 78. 

1858. 

MARcou, JuLEs. Geological map of the United States a~d British provinces ' of North America, with 

explanatory text and geological sections, 92 pages, 8 plates, Geology of North America, 4°, 

Zurich, 1858. 
1862. 

HAYDEN, F. V. On the geology and natural history of the Upper Missouri, being the substance of a 

report made to G. ~- Warren. 218 pages, map, 4°, Philadelphia, 1862. 

1863. 

HAYDEN, F. V. On the geology and natural history of·the Upper Missouri, being the substa~ceof a 

report to G. K. Warren. American Phil. Soc., Trans., vol. 12, new series, pp. 1-219, map, 4° , 1863. 

1867. 

MARcou, JuLES. Geological map of the United States and British provinces of North America, with 

explanatory text and geological sections,· 92 pages, 8 plates. ''La vie souterraine, ou les mines 

et mineurR," par L. Simonin, plates 10, 11, 14, 4° , Paris, 1867. 
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1868. 

HAYDEN, F. V. Remarks on the geological formations along the eastern margins of the Rocky 

Mountains. Am: Jour. Sci., 2d ser., vol. 45, pp. 322-326, 1868. 

-.-- Notes on the geology of "\Vyomingand Colorado, No.1. American Phil. Soc., Proc., vol. 10, 

pp. 463-4 78. 

1869. 

REPORT of the U. S. geological survey of Colorado and New Mexico, under F: V. Hayden, 3d Annual 

Report, pp. 1-99. Washington, 1869. 

Reprinted with first and second Annual Reports, Washington, 1870; pp. 103-199 of reprint. 

1870. 

HAYDEN, F. V. Sun pictures of Rocky Mountain scenery, with a description of the geographical and 

geological features and some accounts of the resources of the great West [etc.], 150 pages, 

30 plates, 4°, New York, 1870. 

1871. 

MEEK, F. B. Preliminary paleontological report, consisting of lists of fossils, with descriptions .of 

some new types, etc. U. S. geological survey of Wyoming and portions of contiguous Ter­

ritories, F. V. Hayden in charge, preliminary, 2d report, pp. 287-318, Washington, 1871. 

A secol).d e ition identically the same as that of 1871 bears date 1872. 

1872. 

HAYDEN, F. V. . S. geological survey of the Territories, F. V. Hayden in charge; profiles, sections, 

and other 'llustrations designeq to accompany the final report of the chief geologist of the 

survey, an sketched under his direction by H. W. Elliot, 65 plates, 4°, New York, 1872. 

MARcou, JuLES. Geologishe Uebersichtskarten der Erde nach Marcou. Physikalische Karten, 

Vienna, 18 2. 

1873. 

HITCHcocK, C. H., and BLAKE, W. P. Geological ml;tp of the United States. 

mining in the States and Territories west of the Rocky Mountains. 

Raymond, ashington, 1873. 

Statistics of mines and 

Fifth Report, by R. W. 

HAYDEN, F. v. 
.conducted 

1st, 2d, an 

Washingto 

U: S. geological survey of the Territories, embracing Colorado and· New Mexico, 

nder the authority of the Secretary of the Interior, by F. V. Hayden, U. S. Geologist, 

3d Ann. Rept. U. S. Geol. Survey Terr. for years 1867, 1868, and 1869, pp. -103-251, 

; 1873. 

JoNES, W. A. R port of a survey and exploration in the Uinta Mountains, Utah. U. S. Army, 

Chief of E gineers, Report for 1872, pp. 1108-1118 (Appendix AA), Washington, 1873. 

1874. 
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RESUME OF LITERATURE AND CLASSIFICATION OF AREAS. 

Although I had set out to consider only the Uarboniferou~ rocks and faunas of 
Colorado, it seemed that the relations to each other of the sections situated in 
different parts of the State could not be intelligently estimated without more or less 

careful reference to the strata upon which they rest or those by which they are 
succeeded. As the earlier .Paleozoics play but an insignificant part in the sections 
seen in the State, it proved a comparatively easy task to · carry along the entire 

pre-Carboniferous portions of the different sections; and the ~upposed Trias and 
Jura were also held in mind. 

Carboniferous rocks are usually seen in Colorado only where brought to the 
surface by mountain uplifts. Otherwise they lie deeply buried beneath heavy 
sections of Mesozoic and Tertiary sediments and often beneath igneous flows. 
Their present outcrop, therefore, consists largely of more or less discontinuous 
areas exposed along the flanks of mountain ranges or sometimes in the channels of 
riverR. 

As exhibited on th~ general geologic map of the Hayden atlas, a the most 
conspicuous feature in the distribution of the Carboniferous is a discontinuous band 

stretching from the nouthwest corner of the State to the center of its ~outhern 
border. This is too larg

1
e a tract to be conveniently cons_idered without subdivision, 

especially as the geologic section is not uniform throughout. 

The northwestern portion of this band of Carboniferous outcrop is formed by 
the eastern end of the Uinta Mountains; and as it is separated by a considerable 
extent of Mesozoic andl Tertiary beds from the remainder of the Carboniferous 

outcrop to the southeast,, it ean appropriately be considered as a distinct area, under 
the name of the Uinta Mountain r egion. 

Southeast of the Dint~ Mountains is a large area of Carboniferous having a very 

irreg·ular outline, which i~ chiefly exposed along the 'Vhite and Graqd rivers and 
their tributaries. No sil(gle topographic feature seems to be preeminently distinctive 

of this area, but I hav~ distinguished it as the Grand River region, giving it the 
name of the n \rer which divides it in the middle. 

Connected with this to the south, and really forming a part of it, is the area . 
produced by the upturned beds of the Elk 1\iountains. I will, however. speak of 

aU. S. Geol. Geog. Surv. Terr., Atlas Colorado, etc., 1877. 
27 



28 CARBONIFEROUS FORMATIONS AND l!'AUNAS OF COLORADO. 

this as the Elk Mountain region, restricting ,the name Grand River region to the 
northern portion. 

To the east and southeast of the Grand River- and Elk Mountain areas, and 
separated by the Archean Sawatch Mountains, is a narrow and .more linear 
tract, the northern portion of which lies on the western side of the mountain 
valley called South Park. This, Houthward to the canyon of the Arkansas, l shall 
designate the South Park region. 

Practically connected with this, but sending off a long spur to the northwest, 
the outcrop is taken up by the Sangre de Cristo Range, and .from the Arkansas 
River southward to Costilla Peak, where the Carboniferous exposures cease, it may 
be appropriately called the Sangre de Cristo· region. 

Another well-defined area of Carboniferous rocks is · found in southwestern 
Colorado. This may be·. designated the San Juan area, and the Hayden survey has 
several times employed for this general country the name Sun Juan region, or San 
~T uan district. Under this title will be included the Paleozoic series of the Rico and­
the La Plata mountains, as well as the exposures in the valley of the Animas River. 

Another intreresting series of outcrops occurs in western Color~do along the 
lower portion of the Dolore~::~ River to its junction with the Grand, and along the 
Grand from this point to beyond the State line in Utah. This series of outcrops, 
because the name Grand River area has already been made use of, I will call the 
Dolores River region. 

The last and final area is the entire strip of sediments upturned along the 
eastern margin of the Front Range. The main portion of this outcrop, though 
here and there containing patches of early Paleozoic beds, consists bf the Red Beds 
u~ually referred to the Trias; but their Triassic age is not well established, and 
as reason exists for supposing that part of the series at least is of Carboniferous 
age, I will speak of this as the Front Range . region. This area will begin with the 
northern border of the State and extend southward to the Huerfano River, including, . 
in fact, the bordering outcrops of the Wet Mountains as well as those . of the Front 

Range. 
All these areas have more or less extensive contiguous disconnected outliers, · 

but to these it; did not seem necessary to apJ.?lY independent names, es;pec~ally fl.S no 
evidence at hand demanded' particular reference to them. Mo,st· of these areas are 
artificial in delimitation and established for the purpose of convenience in treatment 
The Uinta area is independent because of its isolated position, and because, perhaps, 
of the peculiarities of its section. 

UINTA MOUNTAIN REGION. 

Perhaps the earliest geologic exploration in the Uinta Mountains, the earliest 
certainly of which I have found note, was made by W. A. Jones,Ct who traversed the 

a Chief of Engineers U.S. Army, Rept. for 1Ri2. 1873, pp. 1108-1118. 



RESUME OF LITERATFRE. 29 

mountains in 1871. He describes the structure of the Uinta Range with some 

accuracy, though stating that the upheaval took place not long subsequet;t to the 

Carboniferous epoch (p. 1112). "The uplifted beds," he says, ''as displayed by 
the lateral erosion, are almost entirely composed of a brownish-red sandstone, 

rarely, if at all, fossiliferous, of the Subcarboniferous epoch, the color rarely 

changing into gray. * · * * They are of very great thickness, from 2,000 to 

3,000 feet, being visible near the summit. Higher up in the series, and lying along 
the base of the mountains toward Green River, the Carboniferous beds of soft, 

bright yellow sandstone, coarse conglomerate, blue limestone (quite rare and thin), 
and gypsum (in thin seams) are exposed. -x- -r.· * The series above the Carbon-

iferous either do not occur or are overlaid by a highly fossiliferous deposit of 
Tertiary age. · This deposit lies nearly horizontal, and is composed of soft yellow 

and red marls, greensand, and thin beds of soft limestone and chert" {p. 1113). 

Apparently the Carboniferou-s of this account forms part of the 1VIesozoic o.f Powell's 
Uinta i\1ountains report, and the geologic age, determined. as Carboniferous, must' 

have been assigned, I fear, because of its contained coal seams. Jones's Subcar­
boniferous is with little doubt the · Uinta sandstone of Powell's report, and he 

determination of its age apparently depends upon the fact that it lies under the 
coal-bearing series thought to be Carboniferous. 

A report by Powell upon the geology of the Uinta :Mountains, published in 1876, 

and the reports of the Fortieth Parallel Survey which appeared almost immediately 
after, discuss the geology of considerable Carboniferous a1~eas in northwestern Colo­

rado, and remain at the time of writing u.lmost the only accounts, as they are cer­

tainly the most comprehensive ones, of the subject. These reports, together with 
one by "\\Thite published subsequently and that by Jones already referred to, consti­
tute the entir e literatu1e of the "Cinta area, and it is all too meager and contradictory. 

In the case of the Fortieth Parallel Survey the actual explorations were made 
by Hague and Emmons,a whose accounts constitute volume 2 of that series. The 

volume on systematic geology by _King (vol. 1), however, which is a restatement 
of their facts and a gfmeral discussion based upon them, is a more convenient and 

suggestive form in which to consult these data. 

Powell's observations, as already said, are embodied in the volume upon the 
geology of the Uinta Mountains, b which contains a relatively lengthy paleontologie 
discussion by C. A. '\Yhite, who subsequently published in the Tenth Annual Report 

of the Hayden Survey an account, based upon independent observations, of the 
geology of a part of the Colorado Uinta area, and also several briefer papers 

recapitulating much of the same matter. 
The title of Powell's work is somewhat misleading, as his discussion !s mainly of 

aU. S. Geol. Expl. 40th Par., Rept., vol. 2, 1877. 
bU. S. Geol. Geog. Surv. Terr., Powell's Rept. Geol. Uin ta Mountains, 1876. 
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the geology of the Plateau province as a whole, and but 75 of the upward of 200 

pages comprised in it deal directly with the geology of the Uinta Mountains~ and that 
only of the eastern portion. Through his-presentation of the s_ubj·ect it th~s happens 

that while the typical exposures of the Red Wall and of the upper and lower Aubrey ' 
groups are in northern Arizona~ the same names are employed for formations in 
northwestern Colorado, and that the geology of the latter area, historically at least, 

is intimately connected with that of the Grapd Canyoneountry. In a similar man­
ner, since Emmons and King describe the ·Uinta sediments in connection with those 

of the Wasatch Mountains, recognizing· the same formations and employing the same 
· names in both, the Uinta sectipn can not well be considered apart from that. of the 

Wasatch Mountains. 

I am especially concerned only with the strata of Carboniferous agein the Uinta 

Mountains. These are described on page 57 and again on page 146 of Powell's work~ 
while the general section and description for the Plateau province occur on pages . 

40 and 54. The faunal characters of the Carboniferous are outlined and discu~sed on 
pages 76, 79, and 88. 

Over 5,000 feet of strata in the Uinta Mountains are referred by Powell a to the 

9arboniferous, and four subdivisions of Carboniferous beds are recognized. These 
are called . in ascending order · the Lodore group, the Red Wall group, the lower 
Aubrey group,"and the upper Aubrey group. The Lodore group, 460 feet il) thick­

ness, consi~ts of sandstones and shales with conglomerates . a~ the base. The Red 
Wall group is 2,000 feet thick and consists chiefly of limestones separated by thin 

sandstones. The low_er Aubrey comprises 1,000 feet of rather soft sandstones with 
intercalated limestones. The upper Aubrey is composed of two members-a massive, 
homogeneous, light-gray sandstone at the base, called the Yampa sandstone, which 
has a thickness of 1,000 feet or more, and above 150 to 200 feet·of cherty limestone, 

for which the name Bellerophon limestone is employed. _, . 
These four Carboniferous formations are conformable with one another, but 

· according to Powell they are separated by a profound unconformity fi·om the under­

lying beds, which h_ave been called the Uinta sandstone. The unconformity is one · 

both of dip and erosion . . The difference of dip between the Lodore ~roup and the 
Uinta sandstone is about 4 degrees, the lower formation having the greater inclina­
tion to the south. · Cliffs of the Uinta sandstone formed prior to the deposition of the 

Lodore project in SOpl.e instances 400 feet into the mass of superimpos.ed sediments 
(page 144). 

The upper Aubrey formation is succeeded by the Juratrias . groups, which 
received the names of the Shinarump, Vermilion Cliff, White Cliff, and Flaming 

Gorge group&. No unconformity was observed between the upper Aubrey and the 

a Powell mentions the constituent members of his Carboniferous series in several places, and each time with .a 
different thickness. The above is the sum of the thicknesses in a detailed section, aggregating in all 5,305 feet. 
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Shinarump groups, but as the lowest beds of the Mesozoic are of very friable mate­
rial, the exact junction was rarely seen (page 150). At the same time~ that an .inter­

ruption in sedimentation did occur at the top of the upper Aubrey group is indicated 

by the following passage, quoted from page 6n: 

'"The plane. of demarcation between the Shinarump group and the summit of ' 
the Carboniferous is always well marked. Soft, gypsiferous shales are found at the 
base of the upper group, and either a pure limestone, a cherty limestone, or a homo­
geneous sandstone at the summit of the Carboniferous. In places, however, a con­
glomerate is found at the base of theShinarump group, its coarser fragments being 
composed of chm~ty limestone which contains Upper Carboniferous fossils. So in 
some places, at least, the epoch of change was a period of erosion." I 

Accompanying the repor_t upon the geology is a paleontologic report by C. A. 
White, which forms an important part of the volume under discussion. He gives 
faunal lists from the different formations of the Plateau province from which collec­

tions were obtained, discusses the ages of the beds and describes many new forms. 

Carbonif~rous faunas are cited from the Red Wall and the upper and lower Aubrey 
groups. His conclusions in regard to the Carboniferous faunas are expressed in the 
following words (page 79): 

'~A large proportion of all these fossils are specifically identical with well-known 
forms in the strata of the Carboniferous or Coal-Measure period in the States of the 
Upper Mississippi Valley; and all but two of them belong to such types as wemight 
naturally expect to find in the equivalents of those strata. These two belong to the 
two genera, respectively, Archimedes and Amplexus, the former of which especially 
has been regarded as an exclusive'ly Subcarboniferous genuH; and yet they are found 
in the lower Aubrey group, nearly 3,000 feet above the base of the Carboniferous 
series, and also above and mingled with types that have not hitherto been found 
in strata so low as the Bubcarboniferous. 

''Few or none of the fossils of the collections are of sueh a eharacter as to sug­
gest the Permian age of the strata from which they were obtained, not even those 
of the upper Aubrey group. I have elsewhere shown a that the prevalenee of cer­
tain types which have been relied upon to prove the Permian age of the strata. con­
taining them may be due to peeuliar physical conditions, and I therefore regard it 
as not improbable that the time of the Permian period may be represented in the 
Plateau Provinee by the upper Aubrey group, although the distinguishin~ types are 
wanting there. In view also of the mixture whieh we find, of Carboniferous and 
Subearboniferous types in the same strata, it seems probable that the time of the 
whole Carboniferous age, ineluding its three periods; Subearboniferous, Carbonifer­
ous, and Permian, is eolleetively represented by ·the four groups in the Plateau 
Province." 

No fossils are cited from either the Lodore or the Uinta formations. The latter, 
however, is provisionally referred to the Devonian by Powell (pages 70, 141), while 
the Lodore group, which overlies it unconformably, is included in the Carboniferous. 

a Geology of Iowa, 1870, vol. 1, p. 249. . 
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Between the Flaming Gorge group, with a fauna identified as fr:esh-water Juras~ 
sic," and the upper Aubrey, which is Carboniferous, intervene three formations 
whose age was not ascertained-the Shinarump, Vermilion Cliff, ·and White 9llff 

groups. These belong to the Red Beds series and have ~een placed with the Jura­

trias. There is some reason to believe that the upper limit of the Carboniferous 
should have been placed at a smnewhat higher horizon, and it is possible that the 
upper portion of the Uinta sandstone should have . been included in the same period. 

These points will he dtscussed further on. 
Both lithologically and faunally the geologic sections in northeastern Utah and 

northern Arizona are sufficiently unlike, so far as the Paleozoic strata are concerned, 
to cast suspicion upon the correctness of Powell's correlations. The lower Aubrey 

and Red Wall groups, as described by Powell in the different sections, seem to present 

pretty much the same lithologic characters, but the upper Aubrey group is more 
variable. '' To the so·uthward, in the Grand Canyon country, these beds are a series 

of cherty limestones. At the junction of the Grand and Green they are a series of 
sandstones with interc~lated cherty limestones, with a homogeneous sandstone at the 

summit 1!50 feet in thickness. In the Uinta Mountains we have a homogeneom~ gray 
sandstone which we call the Yampa sandstone, from 1,000 to 1,200 feet in thicknesb, 
capped by a bed which is b·elieved to be the equ,ivalent of the one · mentioned as 

found at the summit of the series at the junction of the Grand and Green, and 

vari~s from 150 to 200 feet in thickness. On the south side of the Uinta Mountain;; 
it is an indurated, calciferous sandstone, but on the north side of. the mountains it is 

a cherty limestone, and on both flanks 1t is characterized by -~ species of Belleroplwn. 
H~re we have called it the Bellerophon limestone." (Page 55.) The Lodore group, 
which is typically exposed in the eastern Uintas, does not extend far to the south, 
nor was the Tonto group, which, in the Grand Canyon region, underlies the Red 
Wall group, traced far to the north. Because of a certain similarity in stratigraphic 

position Powell wished to correlate these two formations and to employ for both the 
name Tonto group (page 56). "-Talcott, however, has shown that the Tonto group is 
of Cambrian age, a while the Lodo-re group can, with great probability, be referred 

to the Carboniferous. b 

In the Uinta Mountains the Lodore group is underlain unconformably by the 

great mass of the Uinta sandstone, 12,500 feet in thickness, of which the Uinta Range . . . 

is mainly composed. The age of this series was not ascertained, but it was referred 
tentatively ~o the Devonian (page 70). The. Uinta sandstone rests uncomformably 
upon the Red Creek quartzite, of which 10,000 feet are reported without the bott~m 
having been seen. 

In the Grand Canyon region, uncomformably below the Tonto sandstone, is found 

a Am. Jour. Sci., 3d ser., vol. 26, 1883, p. 439. 
I> Powell states that Carboniferous fossi ls have been found in the Lodore group (pp. 56 and 147), but apparently none 

were collected (p. 79). 
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the Grand Canyon group, 10,000 feet of sandstones and conglomerates, and this in 

turn rests unconformably upon the Grand Canyon schists. The Grand Canyon 
schists and the Red Creek quartzite Powell regards as of Eozoic age, and the Grand 

Canyon group he refers to the Silurian (pages 56, 70). Upon this construction of 

the facts the Grand Canyon schists and the Red Creek quartzite would be in a 
manner correlated, and the Grand Canyon group of the Grand Canyon area would 

underlie the Uinta group of the Uinta area, neither great series being represented 
in both regions. It would appear from this -that in Paleozoic time at least the two 

regions passed through very different geologic histories. In fact, however, it appears 
to me more probable that the Grand Canyon group is to be correlated with the Red 
Creek quartzite and that both are Algonkian. 

A critical study of the paleontologic eYidence reveals discrepancies well nigh 
as marked as those shown by the comparison of the geologic sequence. 

But a single Carboniferous species is cited by \Vhite as having been obtained in 

Colorado itself, but more or less extensive collections were made in portions of the 
Uinta Mountains which lie beyond its confines in the State of Utah. No fossils are 

cited from the Red Wall limestone in the Uinta Mountains, but three collections were 
made in the lower Aubrey formation and one in the upper Aubrey. The only 
faunas known from the Red V\r all group were collected at two stations situated close 

together southeast of the central part of Utah. From Gypsum Canyon were obtained 

C/l~cetetes m.illeporaceus and Syringopora m·?Iltattenu.ata, and from Cataract Canyon 
an undetermined species of C/ampopkyllum. These faunas, so far as they go, are quite 
dissimilar, but are yet so limited that they might readily have come from the same 

bed, somewhat the more because the zoologic relations of the three species are all 

with the same class, the corals. On looking up the collections upon which this 

report was based the specimens referred to C/k. milleporaceus could not be found. 
The original material of 8. multattenttatct, as well as it could be identified, consists 

of an external cast, and can not be definitely determined. The Campopkyllum is 
probably that form from the Diamond Mountains figured by Meek in the reports of 
the King survey. a The evidence therefore, whether of the lists or of the fossils, is 

incon~lusive, but so far as it goes is coincident in indicating Upper Carboniferous. 

In the detailed section at Cataract Canyon, given by Powell on p. 60, the Red 

Wall group is described as huffish lavender, friable, fine-grained sandstone; base not 
seen. This is not at all the character of the real Red Wall limestone, and these beds 

more probably belong above the Red Wall, in the lower Aubrey series. Thus the 
stratigraphic and paleontologic evidence agree in discrediting Powell's identification 

of the Red Wall at this place. At the same time it should not be lost sight of that 
the upper half of the typical Red V\7 all belongs in the Pennsylvanian. 

aU. S. Geol. Expl. 40th Par., Rept., vol. 4, 1877, p. 57, pl. 5, figs. 2, 2b. 

14364-No .. 16-03-3 
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The lower Aubrey group furnished rrwst of the fossils collected, and an extens~ve 
fauna is cited, obtained chiefly at three localities. One of these is not far from the 
stations at which the Red Wall fossils were found. The two others, Echo Park and 
Split Mountain Canyon, are close together in the Uinta Mountains in the extreme north­
eastern part of Utah. From Echo Park ar~ cited Arrnplexus zaphrentiforrrfbis, F enestella 
sp., Archi?r_tedes sp., Chonetes platynotus,' Prodiuctus longispinus (~), Productus 
costattts ( ~), P. costatus var., Froductus mttricatus, Hemipronites crenistria, Seminula 
subtilita, Spirifer rockymonta~11:s, and Phillipsia sp.; and from Split Mountain 
Canyon are cited Amplexus zaphrentiformis, Ohmtetes milleporaceus, Acervularia sp., 
and Spirifer rockymontanus. It thus appears that two of the four species collected 
at Split Mountain Canyon occur also at Echo Park, and there seems to be no reason 
for suspecting- that the two lists do not represent the same · fauna. The specim~ns 
upon whiCh some of the listed species were based appear to have been lost from the 

. collection, and while I do not agree in every case with Professor White's identifica­
tions, I think the fauna shown, whether by the lists or by the specimens themselves, 
must be taken as ~ndicating Upper Carboni~erous. On the other hand, the 
assemblage is not quite that of one of the common Upper Carboniferous faunas of 
the Mississippi Valley, so that to a cert~in extent Powell's statement is borne out­
that in the Great Basin region the grouping of fossils is peculiar (loc. cit., p. 4). It is 
with this fauna that there is said to occur ·the anomalous association of Lower 
Carboniferous types, such as Amplextts zaphrentiforrnis and the genera Lithostrotion, 
Acervularia, and Archimedes, with an Upper Carboniferous fauna? a fact to which 
attention was directed by White in a passage ·previously quoted. The survival into 
the Upper Carbonife_rous of the already long-established genus Amplexus, which is 
known in America as late as Upper Mississippian time, would not necessarily 
occasion surprise, nor even possibly that of the Devonian genus Acervularia, which 
is also known in the Carboniferous, but the case is somewhat different with 
Archimedes. A striking and highly specialized scion of the fenestellid stock, this 
type makes its earliest appearance in the Keokuk epoch; it attains its maximum in 
the Chester, and has never before, I believe, been cit_ed in association with an Upper 
Carboniferous fauna. For my own part, I should wish to see the occurrence verified 
·in the present case, and am even inclined to invoke an accidental, or some other 
than an actual faunal, association. Unfortunately, and the circur:nstance ~ may not 
be without significance, the representatives of both Archimedes and Acervttlaria are 
missing from the collection as itnow stands. 

On the other hand, as the Lower Carboniferous is supposed to be missing in the 
eastern Uintas, the whole Paleozoic section above the Uinta sandstone being referred 
to ·the Upper Carboniferous, if these specimens of Arcldmedes really were obtained 
from this area and from beds now in place, it seems that the peculiar association 
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noted by White must be accepted. In a condition thus unsatisfactory, without 
having attained to more than the probabilities, it seems necessary to turn from this 
point until fresh evidence is obtained. 

From the upper Aubrey group in the Uinta Mountains only a meager fauna 

is known. White cites B ellerophon carbonarius var. subpapillostuS from Junction 
J\Iountain and near Diamond Peak, in northwestern Colorado; and in Utah, from near 

Echo Park, Bellerophon carbonarius var. s?.tbpapillo8u8, and from Beehive Point, 

near Horseshoe Canyon, Discina sp. ~ I£emipronites crenistria, Spirigent subtilita, 
S_pi,rifer rockyrnontanus, and Bellerophon carbonari,us var. subpapillosus. This fauna, 

so far as it goes, indicates again the Upper Carboniferous, without any suggestion 
of Permian, as White also has remarked. 

Gypsum and Cataract canyons~ where the only collections from the Red " r all 
limestone were made, and the junction of the Grand and Green rivers, where the 
largest collections representing the lower .Aubrey group were obtained, are close 
together, southeast of the center of Utah. In this region, as the Lodore group was 
not, I believe, identified outside of the Uinta Mountains, the Red \Vall group is the 

lowest of the Carboniferous formations. Its fauna has already been spoken of, and 
the opinion expressed that it indicates in an inconclusive but at the same time an 

unambiguous manner the age of the Upper Carboniferous. 
From the lower Aubrey group at the junction of the Grand and Green rivers 

a considerable and characteristic fauna is cited, as follows: Fistulipora sp., Syringo­
pora sp., Lophophyllurn prolifer1trn, Archwocirlaris cratis, ArchJEocidaris trttdifer, 
Erisocrinus typus, Scaphiocrinus carbonarius, Eupachycrinus platybasis, Polypora 
sp., Productus punctatus, P. longispinus ( ~), P. prattenianus, P; sernireticulatus var. 
ivesii, P. nebraskensis, P. multistriatus, Chonetes granulifer, Hemipronites crenistria, 
JJfeekella striaticostata, Seminula subtilita, Spirifer cameratus, Spiriferina kentucky­
ensis, JJ£yalina recurvirostis, Alleri~·nut subcttneatttm, Edmondict aspinwallensis, Pleu­
rophortts sp. ~ Schizodus wlieeleri, B elleroplwn sp., Euornphalus sp., Pleurotornaria 
excelsa, and Naticopsis remex. This fauna has no uncertain significance, and evi­

dently belongs in the Upper Carboniferous. 
At the same locality, but in the upper Aubrey group, was obtained the following 

fauna: Spiriferina kentuckyensis, JJ£yalina sp., Edrnondict sp., and B ellm·ophon mont­
fortianus, Though scanty, this fauna is indicative of Upper Carboniferous, and such 
a determination is in line with its position in the section above a well-characterized 

Upper Carboniferous fauna. In the four species cited there is nothing to lead one 

to assign the horizon to the Permian. 
The comparison of these faunas with those in the Uinta Mountains supposed to 

come from the same beds is full of interest. Of the thirty species which are cited 

from the lower Aubrey group at the junction of the Grand and Green rivers, but 
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three are common to the list from the beds called by the same name in the Uinta 
Mountains, and these three (Hmnipronites crenistria, Productus long1~spinus, · and 

S enu:nula subtilita) are such as, having in common acceptation specific limits of the 
broadest, have also the longest range, which may be said to have been synchronous 

with all Upper Carboniferous time. Two Upper Carboniferous faunas of equal 
extent could scarcely have . less in common than the two listed here. The same is 

true of the meager faunas known from the upper Aubrey group in the two areas. 

These faunas, as cited from the Uinta Mountains and from the confluence of the Grand 
and Green rivers, contain not a single species in common, but it is noteworthy that 
the fauna of the upper Aubrey in the Uinta Mountains is practically the same as 

that of the lower Aubrey in the same region, and a similar resemblance may be 
pointed out between the faunas of the upper and lower Aubrey groups at the 

confluence of the Grand and Green rivers. 
Of the geology of the Grand Canyon region, whence Powell derived the names by 

which the formations in the Uinta Mountains are denote~, but little need be said. 
Powell himself cites no Carboniferou_s fossils from this region. Gilbert first gave 
local names to the Carboniferous series in the Grand Canyon region, a dividing it into 

the Aubrey limestone, the Aubrey sandstone, and the Red Walllimesto'ne. H_e cites 

from the Aubrey limestone (the upper Aubrey of i?owell) an Upper Carboniferous 

fauna ~ot unlike that which the latter obtained in the homonymous beds at t~e junc­
tion of the Grand and Green rivers. In the topmost strata Schizodrus, Pleurophorrus, 
and _Bakewettia were found, an assemblage not noted by Powell, and one -'' sugge-sting 

the Permo-Carboniferous of the Mississippi Valley." a The Aubrey sandstone con­
tains few fossils, "but an intercalated limestone, below the middle of the series at 

Canyon Creek, bears the familiar Coal Measure shells." a 

In the Red Wall limestone fossils are said to be "abundant near the top, but 
difficult to find in the lower portions." b The lowest horizon from which fossils were 
obtained was a trifle below the middle of the series. They were doubtfully referred 

by Meek to the Lower Carboniferous. "The fauna of the upper portion is rich in 

species, and, while differing from that of the Aubrey limestone, is equally referable 
to the Coal Measures." b 

In describing the Paleozoic section in Kanab Canyon, Walcott c identifies Silurian, 

Devonian, Carboniferous, and Permian strata. These are separated from one another 
by planes of erosional unconformity, and in addition the Permian is divided into 
two portions by an erosion period, and the Upper Permian is succeeded by another. 

To the Carboniferous Walcott refers the Red Wall limestone and the 
1 

upper and 
lower Aubrey groups. His Lower Permian is the Permo-Carboniferous of Gilbert, 

au. s. Geog. Geol. Surv. W.100th Mer., Rept., vol. 3,1875, p. ·177. 
b Ibid., p. 178. 
cAm. Jour. Sci., 3d ser., vol. 20, 1880, p. 222. 
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and his Upper Permian seems to be a portion of the series which Gilbert, lacking 

paleontologic evidence, referred to the Trias. 
Frech a has briefly described the geologic section in Congress Canyon on the 

occasion of an excursion of the International Geological Congress in 1891. He refers 
the Red Wall group to the Lower Carboniferous and the Aubrey group to the Upper 

Carboniferous. 

It thus appears that the three reports ~which have been cited agree in referring, 
on paleontologic evidence, the Red Wall group wholly or in part to Lower Carbon­
iferous time. Walcott carries the Carboniferous (Permian) above the top of the 

upper Aubrey gToup. The following statement from Gilbert is also of interest: b 

''The classification adopted for the Carboniferous rocks in the Grand Canyon 
and along the southern margin of the Carboniferous plateau is of local value only. 
Seventy-five miles to the west, in the Spring Mountain Range, I was unable to 
correlate the series in detail, and eastward, from Canyon Creek to Camp Apache, the 
progress of a rapid transformation can be traced." 

It seems that we can accept Powell's section of the eastern Uintas with some 
modifications, but not his correlations with the Grand Canyon section in the case of 

the lower beds. Powell seems to fix the thickness of the upper Aubrey, lower 

Aubrey, Lodore, and Red Wall groups of the Uinta section at over 5,000 feet. 
King allows only 2,000 to 2,500 feet for the same interval. White, as will appear 
later, places the thickness at 3,100 feet, which, as it is intermediate between the fig­
ures given by Powell and King, is perhaps nearer the true thickness. c It might be 

inferred also that Powell had overestimated the extent of the unconformity between 
the Lodore and Uinta formations. King seems to discredit it altogether, and White 
states that in his area it was slight and easy to be overlooked. 

All available evidence points to the conclusion that Powell's Red "'Tall limestone 
of the Uinta section is wrongly correlated, and with it several other beds. The 

lower part of the real Red Wall is without doubt of Mississippian age. This has 
been the opinion held more or less tentatively by ~leek, "'Talcott, and Frech, and 

we have a Mississippian fauna from it. On the other hand, it i& almost certain that 
the "Red Wall" of the Uinta Mountains belongs entirely in the Upper Carbonif­

erous. The few fossils collected from it by Powell at Gypsum and Cataract canyons 
indicate Upper Carboniferous. The Uinta sandstone, which underlies it, seems to 

be rightly correlated with the Weber quartzite, which carries Upper Carboniferous 
fossils. The Uinta sandstone itself has probably furnished a few fossils of the same 
age. Powell mentions Carboniferous fossils as occurring in the Lodore group, and 

aCong. Geol. Internat., 5th sess., Compte Rendu, 1893, p. 476. 
bU. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, 1875, p. 179. 
c This measurement is exclusive of the .Lodore group, which White says was not present in his area. At the same time, 

as the Lower and Middle Carboniferous are said to be so like one another and so like the Uinta sandstone as to be some­
times difficult to distinguish, it may be that he merely failed to discriminate the Lodore. If really absent an overlap 
would be indicated above the Lodore, as well as an unconformity below 1t. Its thickness is ~ut 465 feet. 
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as it is highly probable, from its lithologic composition, that the Lodore does not 

belong to the Missi~~ippian limestone series of the West, it must be of Upper 
Carboniferous age. King cites a few species of unmistakable Pennsylvanian age 
from 60 feet above the Weber quartzlte, a horizon which must be in the Lodore 

group and below the Red Wall limestone of the Uinta section. 

I shall later offer some evidence. tending to show that the lower portion of tl;le 

Uinta sandstone is Cambrian and the ul?per portion Upper .Carboniferous (Weber 
quartzite). If this is so, the Grand Canyon series of the Grand Canyon section would 

probably be equivalent to the Red Creek quartzite of the Uinta section, and the Tonto 
sandstone to the lower part of the Uinta sandstone, whil~ the Devonian and the true 

Red Wall limestone would probably be wanting. It remains to find the equivalent in 
the Grand Canyon section of the Pennsylvanian portion of the Uinta sandstone and 

of the beds which Powell called the L<:>dore group, the Red Wall limestone, and the 
upper and lower Aubrey groups. On the whole it seems to me most probable that 

the four formations last mentioned represent the Aubrey group of Gilbert. The 
lithologic character of the series is not unlike, and in a general way Powell traced 

their equivalence in the field. The paleontologic evidence is partly favorable and 

partly adverse to this correlation. From the Aubrey group Gilbert cites Productus 
ivesii, Productus semireticulatus, Spirifit' lineatus, Seminula subtilita, Meekella sp., 
.Derbya sp., Aviculopecten cf. occidentalis (p. 177). Most of these are ~ell-known 
Pennsylvanian species of the Mississippi Valley section; but I am inclined to 

question the exact identity in some cases. Newberry, however, had previously 
described a number of species from this horizon, namely, ArcltCE.ocidaris longis-

. pinis, Archmocidaris ornatus, Arcltmocidaris gracilis, JJfeekella occidentalis, Meek­
ella pyramidalis, Chonetes. verneuilanus, · Productus costatoides, Prodruatus ivesii, 
Prodluctus occidentalis, Prodluctus cQstatus, Frodtwtus sernireticulatus, Spir-'ij'er 
lineatus, Seminula subtilita, Aviculopecten coloradoensis, Allerisma capax, etc. a 

Many of these species are new and are not know~ to occur in the Mississippi 
Valley. To this list may be added Productus subhorridus Meek, which is 
found at this horizon. From the lower Aubrey group, at the junction of the 

Grand and Green rivers, White cites some of the . same forms, among them P1·o­
ductus ivesii, which appears to be especially characteristic of the Aubrey formation. 
As associated with it is mentioned also Froductus 1nultistriatus, a species whose 
horizon in the Wasatch Mountains is in the Upper Coal Measure limestone, a series 

which I provisionally regard as correlated with the Aubrey group of the Grand Can­
yon country, and with the four formations of the Uinta sandstone now under consid­

eration. This evidence is of course very slender, and must be reenforced by ~ full 
consideration of all these faunas, a task to which I shall address myself at some future 

fl I~es's Report Colorado River of West, Senate Ex. Doc. No.-, Thirty-sixth Congress, first session, 1861, pp. 116-129, 
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time. As I have already shown, the faunas from the eastern ·portion of the Uinta 
Mountains~ supposed . to come from the same horizon, are almost entirely different. 

The peculiar and strjking forms, whether of the Aubrey group of the Grand Canyon, 
or of the Upper Coal Measure fauna of the Wasatch Mountains, seem to _be absent. 

Another circumstance adverse to the eorrelation eonsists -in the thickness of the 

formations supposed to be equivalent. The typical Aubrey group has a thickness of 

but 1,800 feet, w bile the Lodore, Red '\Vall, upper Aubrey, and lower Aubrey groups 
of the Uinta Mountains, according to Powell, amount to 5,000 feet, though, as 
already noted, "\\7hite assigns 3,100 feet and King but from 2,000 to 2,500 feet to the 

same formations. It is a ff:tct not perhaps without suggestion, that if to the Aubrey 
group be added half the thickness of the Red Wall limestone; the upper portion of 

which is known to be of Pennsylvanian age, the total (3,070 feet) is almost precisely 
the same as White's measurement in the Uinta Mountains, whfch is .nearly a mean _ 
between King's and Powell's. Upon this point-whether ,the Pennsylvani!tn portion 

of the Red Wall limestone is missing from the Uinta section, or is represented by 
part of K:ng's Upper Coal Measures, there is very little evidence. There exists, 

however, such an analogy between the sections of the \Vasatch :Mountains, the Grand 
Canyon region, and central Colorado, where each shows a limestone series which 

is in part Mississippian and in part Pennsylvanian (the Wasatch limestone in the 
\Vasatch Mountains, the Red Wall limestone in the Grand Canyon, and the Lead­

ville and '\Veber limestones in the Crested Butte section), that I am disposed to 

assume uniformity in other respects, and to believe that the whole of the Red Wall 
limestone is missing in the eastern Uintas, just as all the Wasatch limestone and the 

Leadville and Weber formations are supposed to be. _ According to this eorrelation, 
then, the Devonian, Mississippian (lower Red vVall), and lower Pennsylvanian (upper 
Red Wall) wedge out as the eastern Uintas are approaehed, a while theW eber quartzite, 

which is supposed to come above them, disappears southward. The unconformity 
which Powell noted between the Lodore group and the Uinta sandstone might be 

cited as a cause for the removal of this series in the Grand Canyon region. 
The oeeurrence of great Algonkian(?) masses in the Grand Canyon series of the 

Grand Canyon, in the quartzites of the Needle Mountains in Colorado, and in the 

Red Creek quartzite of the Uinta section~ suggests that a band of this series, having 
an approximate north-south trend, may extend through this region. 

The year following the publication of Powell's report upon the Uinta mountains 
appeared the second volume of the reports of the Fortieth Parallel Survey. b In 

discussing both in this place and later the import of the data collected by this 
organization, it will not be necessary to contrast and distinguish between the views 

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

a Probably owing to the same agency which destroyed the supposedly equivalent series still exisiting in northern 
Utah and central Colorado, erosion prior to the Weber quartzite. 

bU. S. Geol. Expl. 40th Par., Rept., vol. 2, Descriptive Geology, 1877. 
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and statements set forth in this volume and in the resume by King of the results 
in systematic geology of the work of · this survey a published the year later, so far 

as they are in agreement. 
The work of the Fortieth Parallel Survey embraced a strip of territory adjacent 

to the fortieth parallel of north latitude, including considerable areas in northern 

C~lorado and Utah. Here are dealings, not only with the eastern portion of the 
Uinta Mountains, which Powell described, but also with their western extension, 

wHich he had not carefully studied (Powell, p. 61), and of the 'Vasatch Range, which 
I 

adjoins them on the west. 

I The section of the .Wasatch Mountains which King u:::.es as a reference section 

co :nil sists of the following formations: b 

Section of Wasatch Mountains. 
Feet. 

Permo-Carboniferous. ___ . _ ...... __ .. _________ ............ .1 . • . . . • 650 

Upper Coal Measures ........... __ .. _ ... ____ . __ ._ ................ 1~ 700-2, 100 

Weber quartzite ......... ____________ .... ______ ... __ ..... __ .. _.. 5, 000-6, 000 

Wasatch limestone ...... ______ . ___ ... _ . _____ .. _ . ___ . . . . . . . . . . . . . 7, 000 

Ogden quartzite ....... ___ . __ .............. . .................... ,. 1, 000-1, 500 
Ute limestone ____ . _. _________ . ___ . _ ....... __________ . _________ . 1, 000-2, 000 

Cambrian shales .. _. __ . ____ . ___ ... __ ·_. ___ . _...................... 75-600 

Cambrian quartzite .......... _.................................. 12, 000 

Lower Cambrian slates .................. _....................... 800 

j[ The Ute limestone is reported as containing Quebec fossils. The Ogden quartzite 

has as yet furnished no fossils, but is referred to the Devonian on the strength of 

co1~elation with sections farther west, where its supposed equivalent i~ defined by 
fosl iliferous horizons above and below. TheW asatch limestone is reported as having 
Deronian formr' in the lower part, with Waverly fossils above and Coal Measure 

faulnas running cwwn to 1?600 feet above its base. The Devonian species cited in the 
W~satch Mounhtins are, however, few,c and occur also. in the Waverly fauna. I 

ha~e never seen a.n3T Devonian fo.ssils from the Wasatch Mountains, and in one case 

at ]east (Rock Canyon, back of Provo) the very basal beds of the Wasatch limestone 
carf y a . Waverly fauna. There seems to me, therefore, to be no evidence ·for 

refrrring any portion of the typical Wasatch limestone to the Devon!a.n. Farther . 
we~h, however, in Nevada, in the Tucubits, White Pine, and other ranges, abundant 

I . 
anq well-marked Devonian faunas are found, but the limestones in which they occur 

· arej evide~tly not the Wasatch limestone, but another formation underlying it, which 
is 1ot found in the Wasatch section. From the Ruby and Egan mountains d faunas 

. arel cited as from the Wasatch limestone which have a peculiar facies that is believed 

to ~e distinctive of the limestones which come above the Weber quartzite in the 

1 U.S. Geol. Expl. 40th Par., Rept., vol. 1, 1878. 
q Ibid., p. 155. 

c Strept01·hynchus imequale and Proetus peroccidens; ibid., p. 177. 
d Ibiq., p. 203. 



RESUME OF LITERATURE. 41 

Wasatch Mountains; and it seems to me, therefore, that King's correlations of the 

Wasatch Mountain and Nevada sections are not to be relied upon. 
The facts at hand seem to indicate that the Ute limestone is probably of Ordo­

vician age; the Ogden quartzite Devonian or older; the Wasatch limestone JVlississip­
pian in its lower portion, with more than half above Penn.sylvanian; the Weber 
quart~ite and overlying limestones Pennsylvanian. More recent collections taken 

from the P ermo-Carboniferous of King have introduced an uncertainty a.s to whether 
this series is really Permian or Mesozoic. The component formations of the 

Wasatch JVlountain section have not all the same distribution, for in Rock Canyon, 

back of Provo, I found Waverly fossils at the base of the Wasatch limestone only 
. a few hundred feet' above thin blue limestones carrying Middle Cambrian trilobites. 

King describes the Pale~zoic formations of the Uinta Mountains in the following 
terms: a 

"1. A series of siliceous beds 12,000+ feet thick, impure sandstones at the east 
end of the uplift, but gradually compacted into quartzite in the western portion of 
the range; these beds are intercalated with groups of clay shales and occasional 
conglomerate sheets which contain round rolled Archean pebbles. 

'" 2. Conformably, as we believe, over No. 1 is a series 2,000 to 2,500 feet thick 
of mixed limestone, calciferous sandstones, and cherty limestones, showing great 
variability in the thickness of bedding, but prevailingly of heavy limestone near the 
base, with varying thin-bedded intercalations of lime and sand near the top, always 
capped with a zone of highly cherty B ellerophon- bearing limestones. From bottom 
to top the series is rich in Upper Coal Measures fossils. 

•' 3. From 200 to 500 feet of calcareous shales and argillaceous rocks and clays 
intervening between the Coal Measures and Trias, conformable to both, and carrying 
P ermo-Carboniferous fossils." 

The first paragraph of the preceding quotation refers to the great thickness of 
beds to which Powell gave the name Uinta sandstone. This Emmons traced west­
ward and identified with the Weber quartzite of the Wasatch Range, and the name 
Weber formation is therefore frequently employed to designate it. In the second 

paragraph are collectively described beds which are discriminated by Powell as the 

Lodore group, the Red Wall group, the upper Aubrey group, and the lower 
Aubrey group. King frequently refers to this division under the name of the Upper 

Coal Measure limestone. The upper series described by King in the third paragraph 
must be the lower portion of Powell's Shinarump group. These two divisions are 

evidently supposed by King to represent the Upper Coal Measures and Permo­

Carboniferous of his vVasatch Mountain section. 
Several points of disagreement appear when the account by Powell of the geol­

ogy o~ the Uinta Mountains is compared with the review by King of the same subject. 
One of these is thP- reference by the latter of a part of Powell's Shinarump group to 

aU. S. Geol. Expl. 40th Par., Rept., vol. 1, 1878, p. 153. 
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they Carboniferous. The faunal list on page 146 of King's report comprises JJ£yalina 
(rJsembling subquadrata), JJ:fyal-ina n. sp., Bakewellia parva, Pleuroplwrus. sp., and 

Mi crodon sp. King remarks: '"These are the only fossils obtained in Uinta Range 

fr4m the easily ero<ted beds that separate the lower sandstones of the Trias from the 

B ellerophon cherts which mark 
1
the uppermost horizon of the Coal Me!lsures, and are 

interesting, since the forms as well as the physical condition of the beds are closely 

allied to the Permo-Carbon.iferous of Weber Canyon." The fauna does, indeed, tend 

to confirm King's correlation with the Wasatch section, but, as previously remarked, 

some doubt exists as to whether it belongs in the Permian or Mesozoic. Another 

less important instance seems to be the fact that King ascribes to the Upper Coal 

Measure l imestone a thickness of but from 2,000 to 2,500 feet, while this is stated by 

Powell as 5,305 feet, if I am justified in combining the measurements of the upper 

Aubrey, lower Aubrey, Red 'V\7all, and Lodore groups given by him on page 57. 

Furthermore, Powell describes a great unconformity as occurring at the top of the 

Uinta sandstone which he believes to be pre-Carboniferous in age. The geologists 

of the Fortieth Parallel Survey did not ascertain the unconformity noted by Powell. 

They refer this important formation to the Carboniferous, correlating it with the 

Weber quartzite of the Wasatch section. From the Weber quartzite a fairly satis­

factory fauna is known, which proves the ageof the formation to be beyond doubt 

Upper Carboniferous. As to the age of the Uinta sandstone, but little paleontologic 

evidence exists. Powell found it to be completely unfossiliferous, and the only fossils 

obtained by the Fortieth Parallel Survey were not found in place. They consist of 

a crinoid column, half of a ribbed brachiopod, somewhat doubtfully referred by Hall 

and Whitfield to Spir~fer imbrex, and a well-preserved specimen of Spir~fer camer­
atus. The Spirifer imbrex was found upon the slopes of Mount Agassiz, and the 

horizon is believed to be about 700 feet below the summit, and certainly as much 

or more beneath the top of the Uinta sandstone. Spirifers of the imbrex type are 

unknown in the Devonian, and are especially characteristic of the Lower Carbonifer­

ous. It would hardly be safe to infer from this specimen more, however, than that 

the age of this horizon is probably Carboniferous, without reference to any division 

of the Carboniferous series. The crinoid column could not be taken tQ indicate much 

more than an age probably subsequent to the Cambrian, but in view of local facts of 

lith9logic and stratigraphic occurrence, it may wel~ belong to Carboniferous time. 

The Spirifer cameratus was found in a pebble of red jaspery quartzite near Geode 

Canyon, and its origin was evide~tly the Weber quartzite beds of the interior of the 

range, while the character of the nmtrix would indicate that the stratum in which it 

was deposited belonged to the middle of the series. a Spir~fer cameratus is a distinctly 

Pennsylvanian species, and forms even resembling it are very rare iJ?- the Mississip-

aU. S. Geol. Expl. 40th Par., Rept., vol. 2, 1877, p. 290. 
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pian. Both Mount Agassiz and the upper Bear River Valley, where the crinoid 
column was obtained, are situated in the western part of the Uinta Mountains, but 

Geode Canyon is in the eastern part. Thus the paleontologic evidence is, a.s far as it 
goes, confirmatory of the stratigraphic correlation of the Uinta sandstone (at least in 
part) with the Weber quartzite. Inasmuch, however, as the Weber quartzite has a 

thickness of only 5,000 feet, while the Uinta sandstone measures over 12,000 feet~ it 
would seem probable that the latter include:':l more than the \Veber beds. 

At two points in the western end of the Uintas, fossils are cited from beds just 
above the Weber quartzite. King says: a '"From the foothills of the range, near 
Kamas Prairie, were obtained, at a point evidently not far removed from the contact 

with the Weber formation, Froductus se1niret1:culclttls, Spir1ferincl pulchrcl, Martinia 
lineata." Spiriferina pulchra is a peculiar form whose position should not be far 

above the top of the vVeber, so that the faunal evidence confirms that derived from 
stratigraphy. Again, at Rhodes Spur, from the base of the Upper Coal Measure 
series, not far above the \Veber beds, were obtained b Chonetes granulifer, .Martinia 
linectta, Syringopora multattenuata, Zapl&rentis, Lithostrotion, and Euornphalus. 
This list apparently indicates an Upper Carboniferous horizon, but recent collec-

-tions made from this locality and horizon contain species which determine its 

age as ·Lower Carboniferous, and identify the horizon as the lower part of the 
W asa.tch limestone. If the list cited by King be considered in the light of this fact, 

it becomes ~vident that Chonetes gran,ulifer, which is without doubt a misidentifica­
tion, is really the only characteristic Upper Carboniferous form, Syringopm'a, 
Zaphrentis, Litlwstrotion, and EttmnphaVu..s being rather indicative of the lower 
Wasatch, where they are common. It would appear, therefore, that in the western 
U intas there- are two siliceous series so similar lithologically that they were mistaken 

for the same in the rapid reconnaissance work of the King survey. One of these is 
very probably the Weber formation, as, indeed, King identifies it. The other is 

without much doubt pre-Wasatch in age, and represents the Ogden quartzite or some 
of the Cambrian quartzites, or both, wholly or in part. It is evident that the 

Wasatch limestone (the supposed upper Coal Measures of one outcrop) must 
intervene between the two supposed exposures of Weber quartzite. 

The 12,000 feet of Uinta sandstone of the eastern Uintas is suggestive, by reason 
of its thickness, siliceous character, and stratigraphic position, of the Cambrian 
quartzites, sandstones, and shales of the \Vasatch section, which have a combined 

thickness of about 13,000 feet; but as the Cambrian of ~entral Colorado, which is 
presumably a continuation of that in Utah, has a thickness of less than 1,000 feet c_ 

it would be natural to suppose that in the Uinta Mountains the Cambrian would be 

aU. S. Geol. Expl. 40th Par., Rept., vol. 1, 1878, p. 147. 
b Ibid., p. 146. 
c Probably 600 feet in Peale's Eagle River section is the maximum. The thickness averages from 400 to 200 feet, and 

ranges to complete absence. 
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somewhat intermediate in ~hickness, corresponding to its intermediate geographic 

position. 

The Mississippian was so uniformly a limestone-making epoch in the area of 

these Western States, of which the Madison, Wasatch, Ouray, Leadville, Red Wall, 
and other limestones are evidence, that I would hesitate to accept an unsupported 
correlation which would assign to this epoch sands and conglomerates in the area 
referred to. I would therefore regard the absence of any limestone series in the 

Uinta sandstone a~ evidence that none of its beds can be correlated with the Missis­
sippian portion of the Wasatch limestone. If the horizon of the Mississippian 

Wasatch were conceived as coming below the Uinta sandstone, it is probable that the 

latter must be taken as the representative of the Weber quartzite, as King supposes. 
Under this hypothesisit would be necessary to account for the absence of the 13,000 

feet of Cambrian beds and 7,000 feet of . Wasatch limestone, not to include the Ute 
limestone and Ogden quartzite, and for the great thickness of the Uinta sandstone, 
when its supposed equivalents, the Weber quartzite in Utah and the Maroon-Weber 
interval in Colorado, amount to only 5,000 or 6,000 feet. In the absence of definite 

knowledge, however, explanation of both these objections can be made. The upper 
portion of the Wasatch limestone, in amount 5,400 feet, is of Upper Carboniferous . 

age and is not persistently a limestone. The probable equivalents of these beds in 
the Oquirrh Mountains contain considerable thicknesses of quartzite, and King 
instances several beds whieh in their lateral extension vary in an important rhanner 

in the relative proportions of the calcareous and siliceous constituents (pp. 142 

and 143). It is not unthinkable, therefore, that the Pennsylvanian portion of the 
Wasatch limestone in passing eastward may lose its calcareous composition and 
become indistinguishable from the Weber quartzite. · The beds would have a 

combined thickness of from 10,400 to 11,400 feet-not far from that of the Uinta 
sandstone. 

There can be little doubt that the earliest Pennsylvanian sediments were preceded 
by erosion, at all events in Colorado, f<?r in Colorado the Mississippian portion of 
the Wasatch limestone, which has in Utah a thickness of 1,600 feet, is reduced to 
400 or 500 feet (Leadville limestone), a with visible evidence of erosion along its upper 
plane. In places it has even been completely removed. If the pre-Carboniferous 

quartzites 'of the Wasatch section have their equivalent in the Red Creek quartzite 

of the Uinta section, and if the Mississippian portion of the Wasatch limestone were 
removed by erosion and the Pennsylvanian portion joined with the Weber. in the 
manne~· outlined, the difficulties incident to this hypothesis would be in large measure 

removed. 
If, on the other hand, the horizon of the Mississippian portion of the Wasatch 

be regarded as coming above the Uinta sandstone, the Red Creek quartzite would 

a 500 feet appears to be about the m aximum for this formation, and part of it is of Devonian age. 
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probably be Algonkian, and the Uinta sandstone would represent the pre-Carbonifer­

ous quartzites of the Wasatch section. The Mississippian portion of the Wasatch 
must needs be absent and not represented by Powell's Red Wall, as is involved in . 

his correlation of the Uinta bed with that in the Grand Canyon region, because 

Pennsylvanian fossils were found immediately above the Uinta sandstone, as pre­
viously noted ( Spiriferina kent1tckyensis, Se1ninulcb subtilita, and .1lleekella striaticos­

tata found near Ute Peak in the eastern portion of the range). As opposed to this 
might be urged the very rapid diminution in bulk, which the Uinta series, which 

seems in full force in the east end of the range, must undergo to find its equiva 
lence in the really insignificant thickness of pre-Carboniferous sedimentaries of 

central Colorado. There is also the faunal evidence, very slender but not to be 
overlooked, which would tend to assign the upper portion of the Uinta sandstone to 

the Carboniferous (and if so, doubtless to the Upper Carboniferous); and the difficulty, 
in view of the correlation of the other Uinta and Wasatch formations sanctioned by 
by both stratigraphy and paleontology, of accounting for the Weber quartzite, which 

really has no lithologically similar correlate in the section of the eastern Uintas 

except the Uinta sandstone. 
A third hypothesis is also possible, and on the whole it seems to me to possess 

more advantages than the ~wo others. It has been shown that the Mississippian 
portion of the Wasatch limestone exists, with its characteristic fauna, in the western 

end of the Uinta Range, and that it there separates two quartzite series of very 
different geologic ages, but lithologically so alike that they were in one instance at 
least mistaken for one another. If the Wasatch limestone were removed . it is 

evident that these two formations would come in contact, and would form a series 
whose members it would be difficult to distinguish, except by most careful scrutiny. 

To suppose, then, that the upper part of the Uinta sandstone represents the Weber 
formation, and the lower the pre-Carboniferous, chiefly Cambrian, quartzites of the 

Wasatch section, would account for the correlation by King of the Uinta sandstone 
and overlying Carboniferous series with the Weber quartzite and Upper Coal 
Measures of the Wasatch section, for the probable occurrence of Carboniferous 

fossils in the upper portion of the Uinta formation, for the probable thinning of the 
Cambrian in its eastern transit into Colorado, and for other observed facts which 

· have a bearing upon this problem. 
The faunal evidence is indecisive for any hypothesis, and is not conclusively 

favorable to that last advanced. As previously pointed out, the very scanty fauna 
so far obtained from the Uinta sandstone indicates that its upper portion is of Penn­

sylvanian age, and tends to corroborate the correlation by stratigraphy of that portion 
at least with the Weber quartzite. From the Upper Coal Measures, using King's 
term, of the Uinta Mountains but little paleontologic evidence ex1sts. In the 
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Wasatch Mountains this division contains some striking and peculiar species. I 

collected Productus nevadensis, Productus m?tltistriatus, S_pirife'l'ina _pulchra, and 
several other forms, few of which probably are known in the Mississippi Vall~y, ­

from this horizon in Weber Canyon. A somewhat similar fauna is cited by Emmons a 

from Mill Creek Canyon-S_pirifer cameratus, S_pirifer octoplicatus, S_piriferina 
pulchra, and Product1ts subhorridus. Some _of these forms are cited from the same 

horizon in the Uinta Mountains. From the foothills bordering Kamas Prairie were 
obtain~d ProCM(;Ct't(;S semireticulatus, S_piriferina pulchra, and .Martinia lineata. b 

This locality, however, is in the western end of the range, and so far as known these 

interesting forms do not appear east of this point. In the eastern U intas the-fauna 
of the Upper Coal Measures, except for the Bellerophon limestone, which I shall 
speak of later, comprises only the usual Penl)sylvanian types. From Zenobia Peake 

are cited Spirifer lineatus and Spirifer o_pimus/ near Ute Peak d Spiri;ferina ken­
tuckyensis, Seminula subtilita, and Meekella striaticostata. 

Emmons also states that Marsh found at this horizon, and apparently very near 

this same locality, e Zaphrentis stansb'tkryi?, Fen estella sp., Derby a crassa, Productus 
sp., Spirifer camercd1ts, Seminula subtilita, and I)l~illipsia? sp. These are from the 
eastern end of the range, and present no seeming departures from the usual faunas 
of the Mississippi Valley Pennsylvanian. 

A somewhat peculiar assemblage of species, however, is found in the Bellero­
phon limestone, which forms the upper limit of the Upper Coal Measures division 

of these authors, or the topmost bed of the Carboniferous of Powell and W~ite. 
From this horizon at Vermilion Creek Canyon are citedf Fusulina sp., Nucula parva, 
Sedrrwickia concava, Pleurotomaria sp., B ellerophon carbonarius,o from Section 
Ridge g Nuculana bellistriata, Schizodu..~ cuJ•tus, Bellerophon carbonarius, Orthoc_eras 
cribro8um, Naiadites sp. ~ from Geode Canyon a similar fauna.h It should be added 

that of the species cited Belleroplwn carbonarius is Euphem1ts subpapillosus,o Ortho­
ceras cribrosum is Dentalium cf. canna, and Nuculana bellistriata is Ledet cf. obesa. 
These stations are all situated toward the east end of the Ui-nta Mountains. Though 

this fauna is not cited from the western portion o£ the range, nor from the Wasatch 
Mountains, it should not be lost sight of that the horizon is believed to occur in that 
area. King· says: i "The prominent capping cherty limestone is quite constant wher­

ever in the Uinta .a good section o£ the whole Coal ~1easure series is obtain~d, and it 
is to be considered as the dividing line between _ this group and the Permo-Carbonif­
erous." This remark refers to the Uinta Range, while the following is made of 
Cottonwood Canyon, in the WasatchRange:f "A continuous belt of limestone, about 

aU. S. Geol. Expl. 40th Par., Rept., vol. 2, p. 368. 
b Idem, vol. 1, p, 321; .-oL 2, p. 147. 
c idem, voL 1, p. 144; voL 2, p. 287. 
dldem, voL 1, p.145; vol. 2, p. 289. 
e Am. Jour. Sci., March, 1871, p. 197. 

f U. S. Geol. Expl. 40th Par., Rept .• vol. 1, p. 142; vol. 2, p. 274. 
G Idem, voL 1, p. 144; voL 2, p . 285. 
h Idem, vol.1, p. 145; voL 2, p. 291. 
i Idem, vol. 1, p. 143. 
ilbid., p. 171. 
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1,200 feet thick, is here exposed, of which the upper portion is rather finely stratified 

and shaly, and bears B ellerophon carbonari1r,s." 

Another probable occurrence of this horizon is in Weber Canyon, mentioned by 

King on page 163 of Volume I. Furthermore, in a collection recently made in the 

western end of the Uinta Range a small fauna like that of the Bellerophon lime­

stone, with similar lithology and stratigraphic position, was obtained. 

It seems probable, therefore, that this horizon extends from the eastern end of 

the Uinta lYiountains westward into the Wasatch Range, and that the correlation 

made by the King survey of the "\Vasatch and Uinta sections is probably in the main 

correct. Yet the faunal and stratigraphic evidence alike are so insufficient that it is 

necessary to proceed with caution and to postpone a final decision until more data 

have been secured. 

The Paleozoic series in the Grand Canyon, as exemplified in the Kanab Canyon 

section, shows as striking an agreement with that of the Wasatch Mountains as does 

the section made out in central Colorado. The Cambrian is represented by quartz­

ites, sandstones, and limestones, as in Utah, thoug·h the thickness is much less. The 

Cambrian is followed by a limestone of Ordovician age comparable to the Ute lime­

stone, though always considerably thinner. Then succeed some sandy and limy 

beds which have been much reduced by erosion and are not persistent. They contain 

the remains of placoganoid fishes, and Spurr desires to correlate them with the Part­

ing quartzite, which occupies a position in the Colorado section similar to that of the 

Ogden quartzite of Utah. a Except for this brief series, the Devonian is unrepre­

sented in either area, the succeeding formation in Kanab Canyon being the Red '-'r all 

limestone, which, like the "\Vasatch limestone of Utah, has a Mississippian fauna in 

its lower portion and a Pennsylvanian fauna in its upper. The Mississippian fauna 

of the lower Red Wall admits its correlation with some certainty with the similar 

portion of the Wasatch limestone. The Wasatch limestone, however, is greatly 

thicker than the Red Wall, and probably contains beds of Mississippian age which 

are wanting in the Grand Canyon region. 

The sandstones of the lower Aubrey and the limestones of the upper Aubrey, 

whieh next succeed, are suggestive of the Weber quartzite and Upper Coal Measures 

series of the vVasatch Mountains. I feel that the upper Aubrey can with some 

probability of correctness be correlated with the Upper Coal Measures of the "\V asatch 

section, and Walcott's Permian in a general way with the Permo-Carboniferous of 

that area, though doubtless they may not have precisely the same boundaries. 

"\Vhether the lower Aubrey represents the vVeber, or, that formation being absent 

in the Grand Canyon, goes with the upper Aubrey to make up the southward 

extension of the Upper Coal Measures, is a point upon which it is impossible to form 

aU. S. Geol. Survey, Mon., vol. 31, 1898, p. 21. 
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credible judgment. As a rule the ·formations in the Grand Canyon are very much 

thinner than those of the Wasatch Mountains, and are comparf:tble rather to those of 

central Colorado, where an almost precisely similar succession of beds has been 

made out. 
In 1878 was published a report by C. A. White a upon an area in northwestern 

Colorado whose limits be describes in these words: "The district upon which the 

following report is made is included within the following boundaries: The eastern 

boundary is approximately upon a straight line drawn from a point where the 

meridian of longitude 107° 50' west from Greenwich crosses White River to where 

the meridian of 107° 25' crosses Yampa River. The northern boundary is the parallel 

of north latitude 40° 30'; the southern is the channel of \Vbite River, and the western 

the meridian of 109° 30'." (Page 5.) Regarding this area he goes on' to say: "The 

districts surrounding the one here reported upon have, within the last few years, been 

geologically surveyed by different persons. That which adjoins it upon the west 

has been reported upon by Professor Powell in his 'Geology of the Uinta Mountains.' 

A geologic map of the district which adjoins this one upon the north has been 

prepared by Mr. Clarence King during the progress of the United States Geological 

Survey of the Fortieth Parallel. Reports to be published simultaneously with this 

are in preparation by the other geologists of the 0 nited States Geological Survey of 

the Territories on the other districts which adjoin this one." (Page 20.) This state­

ment bas the appearance at least of being somewhat erroneous, as the maps of both 

King and Powell cover perhaps the greater portion of the area surveyed by White, 

and both bound it upon the north and west, but principally upon the north. 

vVbite recognizes the following Paleozoic divisions, named in descending order: 

"No. 11. Upper Oarboniferous.-Irregularly bedded light-yellowish sandstones, 
with occasional calcareous layers, the sandstone layers often containing masses and 
nodules of chert. Thickness about 600 feet. 

"No. 12. Middle Oarboniferous.-Compa:ct bluish fossiliferous limestone, heavily 
or thinly bedded, alternating in some places with strata that are sandy and ferrugin­
ous. Thickness about 1,000 feet. 

"No. 13. Lower Oarbon1j'erous.-Massive layers of limestone alternating with 
those of sandstone and sandy limestone, all more or less ferruginous, generally pre­
senting a reddish-brown aspect, and all usually regularly bedded. · Thickness about 
1,500 feet. 

"No. 14. Uinta sandstone.-Massive or thinly bedded brick-red or more usually. 
brownish-red ·sandstones; usually hard and often quartzitic. Thickness, exposed in 
this district, only about 400 feet; but the group reaches a thickness of nearly or 
quite 15,000 feet in the Uinta Mountains only a few miles ·from this district." 

Though for No. 14 of this section White uses the name "Uinta sandstone" in 

the extract above quoted, he elsewhere adopts from King the name" Weber quartz-

aU. S. Geol. Geog. Surv. Terr., Tenth Ann. Rept., for 1876, pp. 3-60. 
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ite" for this series, and employs the term "Uinta group" as King uses it, for one of 

the Tertiary formation$. 

In his table of correlated sections on page 22 White represents the vVeber 

quartzite of his section as being the same as the Uinta sandstone of Powell's, his 

Lower Carboniferous the same as Powell's Red Wall, his Middle Carboniferous the 

same as · Powell'~ lower Aubrey, his Upper Carbonif~rous the same as Powell's 

Upper Aubrey, and his Triassic(?), which lies above, the same as Powell's Shina­

rump, Vermilion Cliff, and White Cliff groups. 

Regarding the Lodore group, which Powell described as immediately overlying 

the Uinta sandstone, White remarks: "Furthermore, at all places in this district, as 

well as within a large area outside of it, the strata of the Lower Carboniferous rest 

directly upon the Uinta sandstone, those of the Lodore group being absent." (Page 

23.) And again: .~'Although .the typical locality of the Lodore group which Pro­

fessor PoweU represents as existing at the base of the Carboniferous series and above 

the Uinta quartzite is near the northern border of the district ~ere reported on, it 

does not occur within its limits." (Page 20.) If this is indeed the case, an overlap 

above the Lodore group is indicated, as well as an unconformity below it. 

vVhite was associated with Powell in his geologic investigation of this general 

region two years previously (1875), and without doubt the correlation indicated is as 

aecurate as may be. White also correlates his section with that of King, whose 

report had not then been published, and with whose work he was less closely in touch. 

H e parallels his Weber quartzite with King's formation of the same name, his Lower 

and Middle Carboniferous with King's Upper Coal Measures, and his Upper Carbon­

iferous with King's Permo-Carboniferous. The correlation was made relying upon . 

advance sheets of King's map, unaccompanied by text, and in the case ofthe Permo­

Carboniferous and Upper Aubrey is without doubt erroneous. The Permo-Carbon­

iferous of King, as preyiously remarked, lies above the bed taken by Powell as the 

top of his upper Aubrey. It is really part of Powell's Shinarump and the basal 

portion of White's Triassic. Therefore, not only the Lower and Middle Carboniferous 

of White, but the Upper Carboniferous as well, go to make up the Upper Coal 

Measures of King, which also includes the Lodore group where present. White 

assigns the Red Wall a thickness of 2,000 feet, and the upper and lower Aubrey each 

1,000 feet, in the section on page 76 of Powell's Geology of the Uinta Mountains, and 

it would appear that the Red Wall and upper Aubrey were of diminished thickness 

in the new area. This is still more striking if the thicknesses in Powell's measured 

section (2,460 feet and 1,575 feet, respectively) be considered. The rather marked 

disparity ·between the thickness (2,500 feet) which King assigns to his Upper Coal 

Measures, and the 5,000 + feet which are contained in the detailed section in Powell's 

report, has already been referred to. This is somewhat less marked accordingly in 

14364--~o. 16--03----4 

, · 
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the case of White's section, where these beds aggregate 3,100 feet, though this 

measurement excludes the Lodore group, which contains 460 feet. 

'fhe upper portions of the Weber quartzite are described as so closely resembling 

the beds of the Lower Carboniferous as to make their satisfactory discrimination 

in some cases impossible. He says: "The Lower Carboniferous strata are often so 

v~ry like those of the Weber quartzite in general aspect that a casual observer would 

be in danger of confounding one with the other, especially if the unconformity should 

be, as it generally is, slight or obsc.ure." (Page 23.) Referring again to the uncon­

formity which was reported hy Powell as occurring at the top of the Uinta sandstone, 

and which, it will be remembered, the geologists of the Fortieth Parallel Survey 

were unable to verify, he remarks that it ""is usually so slight as to be easily 

overlooked." (Page 23.) 

A resemblance similar to that which is . reported between the Weber quartzite 

and the Lower Carboniferous, appears to exist also between the Lower and .:Middle 

Carboniferous, and in some cases, as in Yampa Mountain, "'the Lower Carboniferous 

is not satisfactorily separated from the middle group." (Page 25.) The Upper 

Carboniferous group, on the other hand, is said to be easily distinguishable from that 

below. 

If the resemblance between these different strata is so great, may not, one is 

inclined to ask, the absence of the Lodore group. be the result of a similar resem­

blance, owing to which it was merged unrecognized with the Uinta sandstone or with 

the Lower Carboniferous~ 

White cites no fossils from any of the Paleozoic formations recognized by him. 

None, indeed, seem to have been found in the Weber quartzfte, wbich.be provision­

ally places in the Silurian, following Hayden and Marsh, whose reference seems to have 

been equally unbiased by paleontologic evidence. (Page 23.) Carboniferous fossils 

were found in the three overlying groups, but these seem to have been altogether of 

Coal :Measure or Upper Carboniferous type, Eocarboniferous or Mississippian and 

Permian faunas being absent. This inference seems to be justified from-the discussion 

on pages 24, 25, and 26. White says in especial: "'I shall regard all the groups that 

have been named in the foregoing sections and elsewhere in this report as purely 

stratigTaphical divisions, and probably inseparable from each other on paleontological . 

grounds." (Page 24.) Regarding the upper group be says: ''Fossils are rare in · 

this group, but a few have been found in its upper strata, and those yet known are not 

such as to distinguish it clearly from the other two Carboniferous groups." The­

Carboniferous groups below it "contain fossils that are as closely allied with the 

Permian of Europe as any that haye yet been discovered in the strata of this upper­

one." (Page 26.) As the division·s recognized by White are entirely stratigraphic, 

the employment by him of names which have a more or less precise significance in the. 
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geologic time scale is extremely unfortunate. Yet he seems to think that these names 

may have some vicarious significance in a palentologic sense, for he says: "The first 

of the following groups 'mentioned, however, is not to be here regarded as distinct· 

ively Subcarboniferous, although it may be so in fact, so far as anythipg is known to 

the ~ontrary." (Page 25.) To understand this last expression in connection with 

what has gone before, it is necessa~y to bear in mind the belief held by this author that 

the Carboniferous divisions of Mississippian, Pennsylvanian, an_d Permian are not 

characterized by faunal differences as in the Mississippi Valley. Later paleontologic 

research, however, seems to substantiate the theorem that throughout the United 

States these three periods are distinguishable, where present, by characteristic 

faunas, and that these faunas, where in the same basin, are characterized in the main 

by the same assemblages of the same species as occur .in the Mississippi Valley, and 

where in different basins, by assemblages of similar species. 

GRAND RIVER REGION. 

The great Carboniferous outcrop of the Uinta JVlountains, with its outiiers in 

Junction Peak and Yampa Peak, is described in the reports of White, Powell, and 

King, which have just been discussed. To the southeast of this, and separated by 

beds of Mesozoic and Tertiary age, occurs another large Carboniferous area of very 

irregular outline, which is seen chiefly along the valleys of White and Grand rivers 

and their a:ffiq.ents. The southern · part of this area is formed by the ''peninsula" 

of the Elk Mountains, which is connected with the larger mass by a more slender 

Carboniferous outcrop along the western flank of the Archean Sawatch JVlountains. 

:for convenience this can be denominated the Grand River region, from the stream 

which divides it almost in the middle. As defined ih a previous paragraph, however, 

the Carboniferous outcrops of the Elk Mountains do not form part of the Grand 

River region. 

The mountain region of central Colorado has been visited by many geologists 

and its geology described in a general or detailed manner, as the case might be, many 

times. Reconnaissance surveys were made by Peale, Holmes, Hayden, Marvine, 

and others of the _Hayden survey, and by Stevenson of the Wheeler survey, and as 

it has become the scene of vast and varied mining enterprises it has been the subject 

of more detailed investigation by the United States Geological Survey in such wo~ks 

as the Leadville and Aspen monographs and the Tenmile and Anthracite-Crested 

Butte folios, and of many minor reports. The sections established in the four 

works last mentioned, from their detailed and accurate character, and because 

the constituent strata are grouped upon lithologic or fossil evidence into named 

formations according to modern usage, can conveniently be taken as sections of 

reference in the different areas in which they occur. The Crested Butte section 



52 CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO. 

would thus become standard for the Elk Mountain area, the Aspen and Tenmile 
sections for the Grand River area, and the Leadville section for the South Park area. 

The areas of the Aspen monograph and the Tenmile folio are both properly 
included in the Grand River region, but, they are so marginal as to be geographically 
nearer related, the ·one to the Crested Butte, the other to the Lead ville district. 
Nevertheless, I will consider the sections described in these reports, and use them as 
a basis of comparison with other geologic reports covering the Grand River region. 

The Paleozoic geologic section is rem;arkably uniform over ~his central Colorado 
area, and essentially the same subdivisioJ?-S are recognized and essentially the same 
nomenclature is employed both in the four' monographic publications just mentioned 
and in many smaller papers of later issue which it will not be necess.ary specifically to 
consider. In the case of the publications 9f the Hayden survey arid others of an early 
date, the system at ·present in use of discriminating lithologic groups and giving to 
them local names was not employed, and tpe strata were divided, if at all, into groups 
supposed to have a definite time value. As, however, paleontologic evidence wa.s often 
deficient, and as the discrimination of these groups was frequently made on evidence 
more or less fanciful, and in a different rrtannm: by different geologists, the result is 
far from satisfactory. It is usually possible in these reports to identify by their 
faunal and lithologic charad.ers certain horizons, such as the Sawatch quartzite, the 
Leadville limestone, the Maroon formatton, etc., when they are mentioned, but seldom 
to determine satisfactorily, even in the few detailed sections which the early litera­
ture contains, what should be the limits in them of the formations n~w recognized. 
This is so far true that I have attempted a close correlation of these sections only in 
a very few instances. Much of the older literature, therefore, adds to our knowledge 
of tP.e distribution of the formations or of geologic structure, with which I am not 
so much concerned, but not to the details of their lithology, paleontology, or mass. 

The geology about Leadville, especially with regard to its mining industries, 
was described many times in papers of the briefer sort before the Leadville mono­
graph was published, and an almost equal number followed its appearance. In a ·. 
~imilar manner much careful observation had been recorded, and the geologic section 
was almost as well known as it is to-day, when the Aspen monograph appeared. 
Lakes in 1887, Emmons, Siver, and Brunton in 1888, Henrich in i889, Newberry in 
1890, and Carlyle in 1893, had all written accounts of varying length an.d excellence 
before Spurr brought his work to publication. But since his is probably the most 
authoritative account, as it is certainly the longest and most elaborate one, I will 
confine my discussion to it alone and neglect the claims of temporal priority~ 

The section at Aspen, condensed from Spurr's monograph, a is as follows, 

descending: 

aU. S. Geol. Surv., Mon., vol. 31, 1898. 
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Section at Aspen. 
Feet. 

. reous, overlain by reddish, grayish, or variegated shaly sand-!
Gunnison formation: A gray or yellow basal sandstone, often calca-

Trias ••••• -··· •••• ·----- R:~o~~d~t~~~s·:- Li~ht~;~d- ~~~d~t~~~: -~1~-r~- ~~-ie·s~~ ~~~di~~- i~t~-th~ 300 

darker beds below ______ . ____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2, 600 

Maroon formation: Impure grits, and thin-bedded, shaly limestone; 
calcareous and thin bedded at first, but more massive and arena-
ceous above; in color, a peculiar dark red. ____ " _________ ~ ________ 4, 000 

Weber formation: Thin-bedded, carbonaceous limestones and calca­
Carboniferous........... reous shales; the typical rock a black limestone; separated from 

the Leadville limestone by a distinct plane ______________________ 1, 000 
Leadville limestone: Above, a massive blue limestone 100 to 150 feet 

in thickness; below, a heavy, hard, gray-blue dolomite, with some 
chert: thickness from 200 to 250 feet _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 350 

Devonian (?) ____ • _____ -{Parting quartzite: This formation consists of thin beds of quartzite, 
sandstone, dolomitic shale, and dolomite ___________________ ..... 67 

.Silurian -······-------·-{Pure dolomites of a light gray-blue color, with some chert; the thick-
ness varies from 250 to-400 feet, thickening southward._._ .... _. 250-400 

Cambrian _ •• _ •••• _ _ _ _ _ _ pure dolomites of the Silurian ... • ... _ ......... __ .... _ ... _. ___ . 200-400 

(

A fine white quartzite, conglomeratic at the base; the upper third is 
dolomitic, sometimes glauconitic, and it graduates above into the 

Like the latter, this formation thickens to the southward, where it 
measures from 350 to 400 feet. In the north its thickness is 200 
feet or less. 

Granite. 

Besides the unconformity which is hinte.d at between th~ Leadville and Weber 
formations, Spurr mentions an important one which occurred at the close of the 
deposition of the red Triassic sandstones. "This break," he says (page 43), '• was 
probably ac~omp~nied by a considerable uplift, for the succeeding beds of the 
Gunnison formation, which are of late Juratrias age, are probably of fresh-w~ter 
origin. In the interval between the deposition of the red sandstones and shales 
there wa~ probably some folding and perhaps a great amount of" erosion. The red 
sandstones appear to be missing in part or wholly in certain areas which closely 
adjoin the Aspen district." 

The determination of the age of the Paleozoic beds is not based directly upon 
paleontologic evidence, for apparently fossils were not collected except in a few 
instances, but upon correlation with formations in areas near by whose age is more 

• 
or less well established. From the Leadville limestone a number of foraminiferal 
types are mentioned, none of which, however, have come into my hands. a They -are 
of little importance in determining the age of this formation, which should without 
doubt be placed in the Lower Carboniferous. The Devonian age of the Parting 
quartzite depends upon some scanty and imperfect :fish remains, and though this 

a Lakes cites from this formation at Tourtelotte Park S-y1"'ingopora, Zaphrentis, Pleumtomaria, and Strapa1·ollus, and from 
Fryingpan Creek, Straparollus and Euomphalv.s. These fossils are among those studied by me and are referred to in the 
paleontologic section of thiR report (Colorado State School of Mines, Bienn. Rept. for 1886, 1887, p. 60.) 
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determination may be correct, the occurrence-at Canyon of fish remains repre­

senting types commonly regarded as belonging to the Devonian detracts from the 

fo-;:ce of this evidence. 
The geologic section described in the TenmHe folio, a which is not strictly that of 

the Tenmile district itself so much as of the region immediately surrounding, may 

be condensed as follow~: 

Trias? _ .... __ - - - ... - - - - - -

Carboniferous. _______ . __ _ 

Section in Tenmile district. 

Wyoming formation: Principally sandstone of an intensely brick­
red color; limestones are practically absent. "If the Permian 
is represented in Colorado, the evidence of which appears to 
the writer as yet very uncertain, it would be included in these 
beds, which have evidently been deposited in direct and 
unbroken succession over the Upper Carboniferous'' ____ .. ___ _ 

l\laroon Jormation: Coarse gray and red sandstone, sometimes 
conglomeratic, with many irregularly developed beds of lime-
stone which are generally nonmagnesian; the · formation- -is 
limited by the Robinson limestone below and theJacqueMoun-
tain limestone above; both these limestones contain an inverte-
brate fauna of Coal Measures type • ~ _ .. ___ . _______ . _________ _ 

Weber grits: Mainly coarse sandstone or grits, with a subordinate 
d~velopment of shale and a few thin and nonpersistent dolo-
mitic limestones _________ . _________________ -.- - - - - - - -- - - - - - -

Weber shale: Transitional between the ma.Bsive limestone below 
and the grits above, and consisting of argillaceous and calcareous 

Feet. 

1,500 

1,500 

2,500 

shale alternating with quartzitic sandstone ___ . ______________ . 300 
Leadville limestone: A _typical dolomite of bluish-gray or black 

color near the top and lighter colored near the base, passing 
upward into alternations of shale- and sandstone; it cQntains 
characteristic concretions of chert and is fossiliferous near the 
top; sometimes much less but never more than 200 leet in 
thickness _____ . _____ ~ _____________________________________ . 200 

Parting quartzite: Siliceous beds, generally quartzites; these may 
possibly belong to the Devonian, but because of an unconformity 

Silurian _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ at the top are left with the Silurian ______ . _________ ~ ___ . _ _ _ _ _ 15-60 
Yule limestone: Light drab-colored, rather thin-bedded lime-

stones, which are often magnesian and always more or less 
siliceous _________________ . ______ . ____ . __ . ___________ ....... 120-160 

{

Sawatch quartzite: Remarkably pure, white, evenly bedded 
Cambrian -------------- quartzite, which is conglomeratic at the base and impure above, 

passing into argillaceous and calcareous shales ................ 160-200 

The correlation of the Aspen and Tenmile sections 1s indicated in the nomen­
clature employed for the formations. 

In his work at Aspen, Spurr notes a considerable thinning of the Sa watch quartzite 
to the north, and · although the Tenmile region is more to the east of Aspen than to 

the north, the Cambrian there is only about half its thickness at the former locality. 
In the shales at the top of this formation Cambrian fossils belonging to the Dikel-

aU. S. GeoL Surv., Geol. Atlas U.S., Tenmile District Special Folio, folio 48, 1898. 

I 
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locephalus fauna are said to have been found. The same is true of the Yule lime­

stone, which though from 250 to 400 feet thick at Aspen only reaches 120 to 160 feet 
in the Tenmile district. Similarly also with the Parting quartzite, which measures 

67 feet in a typical detailed section near Aspen, while here it is said to be from 15 to 
60 feet. Emmons maps these beds as Silurian in the Tenmile folio. His position is 

best defined in his own words, !lnd I quote as follows: 

"Near Leadville evidence has been found of an unconformity by erosion between 
them and the overlying beds. While no fossils have been found which would con­
nect them with either the Silurian or the Carboniferous system, they have hitherto 
been mapped under the Silurian color, mainly because of this unconformity, which 
might account for the apparent absence of Devonian strata. 

"Within the last few years, however, Devonian fossils, principally fish remains, 
have been found in other parts of the Rocky Mountains in beds that occupy a strati­
graphic position so closely corresponding to that of these quartzites that it has become 
probable that the latter are of Devonian age also. Nevertheless, in the absence of 
direct evidence, it has not been judge.d wise to designate them by Devonian eolor on 
the sheet showing structural sections." 

Like the earlier beds, the Leadville limestone is thinner in the Tenmile district 

than at Aspen, varying from 300 feet at the latter to 200 feet at the former~ where it 

is sometimes much reduced. Emmons refers the Leadville limestone to the Missis­
sippian period, and in this he is with little doubt correct. 

The "\Veber shale and the Weber grits are grouped in the Tenmile folio under 
the name of the Weber formation, which with the series of beds called here the · 

Maroon represents the combined Weber and Maroon formations of the Aspen mono­
graph. It seems fair to infer that the Weber shale of the one is the equivalent of 

the "\Veber formation of the other (Aspen). In this case also the decreased thickness 

of the Weber in the Tenmile region is a peculiar feature. It has there a thickness 
of 300 feet, while at Aspen it measures but little less than 1,000 feet. In the 

Tenmile folio the limestones of this formation are said to contain fossils of Coal 
Measure age, and our collections from both the Leadville and Crested Butte districts 
confirm this statement. 

The upper portion of the "r eber formation of the Tenmile folio, or the Weber 
gTits, as it is there called, must, along with the Maroon formation of the same 

report, represent the 1\Iaroon formation of the Aspen monograph. In the case of 

this formation the thickness, in marked contrast to the formations which preceded 
it, is the same in both the Aspen and Tenmile districts~ being measured at 4,000 feet 

in both. The Maroon formation in the Tenmile district is divided from the 'Veber 
grits below by the Robin·son limestone, and its upper limit is taken at the Jacque 
Mountain limestone. Both of the strata last mentioned are said to contain 
invertebrate faunas of Upper Coal Measure type. 
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In the ... ~spen dist~ict the Maroon formation graduates into a bright-red 
sandstone which Spurr refers to the Triassic. In the Tenmile district · the Maroon 
formation . is succeeded by a series of sandstones of an intensely brick-red color. 
These are correlated upon the evidence of their lithologic position with the Wyoming 
sandstone of the Front Range, the name being deriv.ed from the Denver Basin area. 
All the evidence except that of a paleontologic nature, since fossils have been found 
in neither formation, indicates that the Wyoming formation of the Tenmile district 
corresponds to the Triassic of Spurr's section at Aspen. The latter has a thickness 
of 2,600 feet in Lenado Canyon, while the Wyoming formation is but 1,500 feet 
thick; but as the Wyoming is immediately succeeded in the Tenmile a;rea by 
Quaternary deposits, it is possible that it may have suffered erosion, and that this 
measurement does not indicate its original thickness. At Aspen the •' Triassic" is 
overlain by the Gunnioson ·formation, with an unconformity between, · so that its 

thickness there also is probably not the original thickness. 
Spurr, as we have just seen, places this formation i~ the Trias, but Emmons 

groups it with the Carboniferous formations, remarking that "If the Permian is 
represented in Colorado, the evidence of which appear:::; to the writer as yet very 
uncertain, it would be included in these beds, which have evidently been deposited 
in direct and unbroken succession over the Upper Carboniferous." From facts · 
which I will discuss later, it seems to me rather more probable that the Wyoming 
formation is . in fact of Triassic age~ · 

Aside from the two monographic works briefly discussed, but . little has been 
written upon the Grand River region that calls for remark, although considerable 
literature of an occasional character centers about the mining camps of Aspen, Red . 

Cliff, etc. 
Possibly before being diverted to the consideration of some of the earlier litera­

ture, it would be well to speak here of the geologi~ section at Red Cliff', which has 
been briefly described by Emmons (in 1886) a and by Tilden the year following. b 

Emmons speaks of . the series as being practically the same as at Leadville. The 
Blue or Leadville limestone and the Cambrian quartzite are the same in both areas and 
have the same thickness. The total thickness to the top· of the Leadville limestone 
averages less than 500 feet at Red Cliff, as against 600 feet at Leadville. This is 
owing chiefly to the White or Yule limestone, while the Parting quartzite was not 
definitely recognized, though thin slliceous beds occur at about the horizon for it. 

Tilden's section, which was made at Batt}p, Mountain, near Red Cliff, in Eagle 
County, is more detailed and runs as follows: 

aCo1orado Sci. Soc., Proc., vol. 2, pt. 2, pp. 85-105 . . 
b Colorado State School of Mines, Bienn. Rept. for 1886, 1887, pp. 129-133. 
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Section at Battle Mountain, Eagle County. 
Feet. 

Cam brian white quartzite ______ .. ___ . __________ .. ___ .. ____ • _____ . _ ••• _ _ 125 

Fine-grained sandstone .. __ .' ___ •. __ •••. __________ • _ . ___ ....• _ •• _____ . . . 100 

Silurian white quartzite----------------------------------------------- 5 
Conglomerate quartzite._ .. _____ ... ______ ._._. __ . ______ .. _ .. _____ . ____ . 8 

Blue dolomitic limestone . __ . ____ .. __ . ___ . _____ .. ____ .. ____ . __ .... ____ . 250 

Black siliceous limestone __ . _____________ .. _ . ____ . ____ ... ___ .. ___ .... _ . 300 

Carboniferous limestone .. _ ... ____ ........... _. __ . __ .. _____ .. _ . .... ___ . 1, 000 
Lead ville quartz-porphyry _____________ . _____ . __ ... _ . _____ ..... ___ ... _ _ 200 

Ov~r the ridge 1,000 feet and more of Weber grits, sandstones, shales, and 
quartzites were found. 

Probably the four lower members of the section, aggregating 2.38 feet, should 

be considered as representing the Sawatch quart1zite. This forma~ion is 160 to 200 

feet thick in the Tenmile district, and in the Aspen district from 400 feet in the 
southern part to 200 feet or less in the northern part, so that Tilden's measurement 

is not excessive. The next two divisions, amounting to 550 feet, have the position and 
character of the Leadville limestone. If they be taken to represent the Leadville, how­
ever, no equivalent of the Yule and the Parting quartzite can be found. It is clear 
from Emmons's remarks that these formations a11e not normal at thiB locality. If a 

portion of the blue dolomitic limestone belongs to the Yule, the Parting quartzite 

would still be missing. Tilden seems to suggest thtat the third member of the section~ 
which he designates the Silurian quartzite, is the Parting formation. If this is 

indeed the case, the Yule limestone as such is absent. The next bed, consisting of 
1, 000 feet of limestone, would appear to represent the Weber formation of the Aspen 

district and the Weber shale of the Tenmile district. The Leadville limestone and 
the Weber here are comparable in thickness, and seemingly in character, with their 
equivalents in the Aspen a and Peale's Eagle River sections. In the Tenmile district 

these formations have a thickness of but 200 and 300 feet, respectively. In the 

Crested Butte quadrangle they measure 400 to 525 feet and 100 to 550 feet, respec­

tively. At Aspen, however, they attain a thickness, the one of 350 feet and the 
other of 1,000 feet, while on Eagle River their combined thickness is somewhere 

near 1,500 feet. 
The ar3a assigned to Marvine in 1873 ° is a r ectangle included between parallels 

39°. 30' and 40° 20' northj latit. u. de and meridians 10, 4° 45' and 106° 30' west lo-ngitude. 
In the southwestern coiner of this area is ·the most eastern portion of the Grand 

River Carboniferous ar a, but apparently Marvine was not able to push his work 

into this tract, for I do ~- ot find it de.scribed in his report. In the year following 
his survey was extende~ j to the area west of that which he examined in 1873. This 
territory Hayden descri ed in the following words: c ' • The main portion is bordered 

a Not in thic~ress in the case of the Aspen section, however. 
bU. S. Geot ~=og. Surv. 'l'err. , (Seventh] Ann. Rept., for 1873, 1874, pp. 83-192. 
cU. S. Geol. eog. Surv. Terr. , [Eighth ] Ann. Rent. , for 1874, 1876, p. 2. 
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by the Park Range on the east, south by the Eagle and Grand rivers, and north by 
the Bear River. Westward the work extends nearly to longitude 108°." The area 

thus bounded includes ·within its limits the larger portion of the Grand River Car­
boniferous outcrop, and it is much to be regretted that owing to Marvine's untimely 

death his geologic report never reached publication~ There is very little literature 

aside from this upon the geology of the Grand .H,iver area north of the line made 

by the Grand and Eagle riyers, and our information concerning it is almost restricted 
to such facts as are .deducible from the maps of the Hayden Atlas of Colorado, a 

together with the section (B, Sheet XVII), which passes just nqrth of parallel 39° 
45' north, and from such inferences as may be framed from consideration of th~ 

geology of adjacent territory. From the maps and sections the Paleozoic ~ocks are 
· seen to consist ?f Silurian, Lower Carboniferous, Middle Carboniferous, and Upper 

Carboniferous, the latter being followed by those of Triassic age. The character 
and thickness of these formations can not be ascertained from this source. 

Peale in 1873 was assigned to the South Park district, b which is defined as being 

limited on the north by the parallel of . latitude 39° 15', on the south by. parallel 38° · 
I 

30', on the east by the eighth guide meridian of the land survey, and on the west by 

the one hundred and seventh meridian. In 1874 Peale surveyed the territory to the 
north and west o£ this, c with the following boundaries: "' Commencing at the' inter­

section of meridian 109° 30' and the Grand River, the line runs northeastward up the 

Grand River to the junction of the Eagle River; thence up .Eagle River to the 
· mouth of Roche Moutonnee Creek; thence westward along the northern boundai:y 
of last summer's (1873) work to its intersection with meridian 107° ; thence south­

ward along the western side of . last summer's work, approximately on the one 
hundred and seventh meridian, to parallel 38° 30'; the nee westward on this parallel 
to the intersection of meridian 109° 30'; and thence northward on this meridian to 

the intersection of 109° 30' with Grand River." This area not only adjoins his own 
work on the north, as has already been set down, but it is conterminous also with 
Marvine's district of the same year. 

During the operations of these two years Peale made several sections on Eagle 
River, which it.is of interest to compare with the sections of the Aspen and the Ten­

mile districts already considered. The most important of these sections appeared in · 
three different f.orms. ·It was originally published in the annual report for 1873, 

where it is incomplete. In the report for 1874 it is repeated, with some additions, 
and in the report for 1875 it is summarized for comparison with other sections, 

similarly prepared, of different areas surveyed by the same author. In each case 
the series is subdivided, upon evidence more or less indifferent, into the great time 

aU. S. Geol. Geog. Surv. Terr. Geol. and Geog. Atlas of Colorado, etc., 1877. 
bU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 194-273. 
cU. S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, -1876, fP · 73-180. 
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divisions which are ~upposed to be represented. I have repeated the section of 187 4 

and 1875, re~urning it in the former case to . its original continuous form, but 

retaining Peale's grouping. The following is the Eagle River section as it appears 

in the report for 1874: 

Sect,ion of Permian or Permo-Carboniferous 8tmta on Eagle River. (After Peale.) a 
Thickness. 

Ft. In. 
7. Space probably ·filled with sandstones and shales reaching to the summit of the hill back 

from the bluffs, containing a thickness of about_ _____ . ____ . __ .. _..... . . . . . . . . . . . . . . . 500 0 

6. Rather coarse gray sandstones, in thin beds, fossiliferous and weathering of a rusty color_ 342 4 

5. Massive sandstones, generally of a gray color with a greenish tinge. They are mostly 

fine grained and generally micaceous. Some of the beds are pebbly, and near the bot-

tom i ~ a band of black sh:'lle with carbonaceowl material. This band is from 6 to 8 

feet in thickness. These sandstones are expose? in a bluff, in the upper part of which 

they are conglomeritic and darker in color than below ........ _ ........ _ .... _ ...... . 

4. Coarse gray sandstone with interlaminated shales .... _ ......... _ ....... _ .......... - .. . 

3. Very hard, irregular-structured blue limestone, of a brownish color on weathered sur-

face .. __ .. _ . . ______ . _ . - - - - . - .. - .... - .... - - - .. - - - - - . - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2. Greenish-,gray micaceous sandstone shales, with bands of very hard sandstone ......... . 

1. Coarse white conglomerate .... _ ... __ .. _ ............ _ ......... _ ....... ____ ._ ........ . 

205 10 

145 0 

10 0 

45 11' 

27 3 

Total thickness about . _ ... _ .......... _ ............. _. _ ....... _. _ ......... _ ..... _ 1, 276 4 

Secti-on of Carboniferous strata on Eagle River. (After Peale") b 
Thickness. 

1. Pink conglomeritic sandstones .. _. _ .. _ ............ _ ....... __ ......... _ ....... ____ .. 

2. Conglomeritic sandstones and gray shales .. _ ................. ___ . __ .... _ ... _. __ .. _ .. 

3. Light-gray shales with bard sandstone bands .... ___ .. _._ ........... _. ___ .. ___ ...... . 

4. Blackish micaceous shales ..... _ .............. _ ................... ~ ...... ___ ...... _ 

5. Sandstones and interlaminated micaceous shales, some of the sandstones conglomeritic. 

6. Sa,ndstone conglomerate with pebbles of quartz from 1 to 2 inches in diameter. This 

bed is the base of a bluff-like wall, and is· 10 feet in thickness. Above are beds of 

shale and coarse sandstone in alternation. On top is a greenish micaceous sandstone. 

7. Coarse, grayish sandstone, with interlaminated shales; near the top is a layer of red 

sandstone, succeeded by a conglomeritic layer ... _ ... _ ..... _ ..................... . 

8. Fine-grained, reddish-brown sandstone ... _ ... _. ___ .. __ ..... __ ... __ .... _. _ ...... _ .. . 

9. Coarse-grained, . hard sandstone, spotted with green, general color gray . __ ........ _ .. . 

10. White and greenish-gray conglomerates and shales. First we have a conglomeritic 

sandstone, and then green micaceous shales with black carbonaceous layers; followed 

by more conglomeritic layers, above which is about 15 feet of hard sandstone, with 

interlaminated soft shales; then 5 feet .of compact gray micaceous sandstone. Next 

are very soft greenish-gray micaceous shales, extending for about 10 to 12 feet of 

alternating shales and sandstone (some of the ]latter conglomerltie) in beds from 2 to 

4 feet in thickness. Above these are conglomeritic sandstones with shales in the 

Ft. 

37 

92 

3 

3 

367 

252 

25 
27 

4 

In. 

5 

9 

9 

9 

2 

0 

1 

4 

0 

center. The total thickness is about .......... _ ....... ~ ............... __ ... . . . . . . 511 0 

11. Coarse white sandstone, with a band of hard fine-grained sandstone near the top. The 

micaceous character is marked between the layers . __ ~ ................... - .... - .. - . 40 0 

aU. S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rcpt ., for 1874, 1876, p. 118. blbid . , p. 11 :-i . 
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12. White conglomeritic sandstone .. __ .... _______ ._-~- ___ .. ----- .•••.•••....•.•.•• ----. 
13. Red conglomeritic sandstone._. __ .. __ .. __ ~ _ ~. ____ ..... _ ... _ .... --. __ ~ ....•....•••.• 

14. Dark-red micaceous shaly sandstones . _. __ ... __ ... _ .. __ . ___ ..... -.- ....•....•...••••• 

15. Brownish-red sandstones, conglomeritic _ ........ _. ____ . __ ................... _ ......• 

16. Fine-grained sandstone, generally white, but becoming pink in places, with two or three 

layers of gray micaceous shale, each from 2 to 4 inches thick ...................... . 

17. Coarse w bite sandstone, with grains of quartz and some decomposed feldspar ........ . 

18. Soft greenish sandstone in fine layers, with a few hard bands, each a few inches in 
thickness .. _______ -... _ .. _ .. _ . ______ . __ . ________ .. _ ....................•........•• 

19. Red sandstone _____ . ___________ . ___ . _ . __________ . __ ... _ ..... _____ ... _ .........•.•• 

20. Brownish sandstones .. _ .. ___ . ___ ... _ .. _______ .. _______________ ................... . 

21. White granular brown-spotted sandstone. ______________ . ______ ._. __ .. -------- ..... --

22. Greenish-gray micaceous sandstones, partially conglomeritic. __ . _. _. __ ............... . 

23. A space in which the beds were so much concealed that it was impossible to make a 

d_etailed sedion; the upper portion is probably :filled with a prolongation downward 

of the micac~ous shales and sandstones, w bile the base is limestone. In the latter I 

found A victdopecten, Pleurophor1.J,S, and an Avicula or Bakevellia. The total thickness 

Thickness. 
Ft. In. 

5 0 

38 8 

6 8 

30 10 

4 0 

71 3 

99 3 
11 4 

99 8 

8 0 

352 0 

of strata as indicated by the space is.'. ___ . __________ • _ •• ______ •. ___ . ______ • __ .... _ 408 4 

Total thickness of supposed Carboniferous ____ • _________ ~ _ .. ______ •.. _ .. _. _ ..• 2, 504 20 

The remainder of the section to the beds I included in the Devonian? is as follows: 
Feet. 

24. A laminated trachytic rock ___ . ___ ... __ .... ____ .... ______ ........... ______ .. __ ..... _. _. _ _ _ 15 

25. Space probabiy :filled mainly by limestones--------~-.-----------------·-·-·---·} a 
1 000

_
1 500 

26. Black, flinty limestone, with pieces of pyrite and fragments of Spirif€r or Spirijerina ' ' 

Seetion of Silurian strata on Eagle River. (After .Peale.) 1J 

7. Light-bluish limestones on weathered surfaces, wb:ite and yellow. It is in bands from 
3 to 8 inches thick, with a cross fracture .and nonfossiliferous. A great portion of 

these limestones are probably magnesian. At the top they are crystalline ............. · 

Calciferous group: 

6. Space, in the upper portion of whie~ there is an outcrop of metamorphosed conglomerate, 

seemingly composed of pieces of white quartzite and brown sandstone. The masses 

are irregularly shaped. The outcrop is only a few feet in thickne~s and the rema.inder 

of the space is probably filled with sandstones and quartzites, with perhaps a few shales. 

The space was so covered that the beds were all concealed. The entire thick:o.ess is _. 
5. Milk-white quartzite, similar to that of No. L .. _. _____ . __ . ______ . __ . _. _. _. ____ .. __ ... 

4. Space probably :filled with sandstones: __ . __ .. ~ ___ . __________ . ___ . ____ ... _______ . _. __ . 

3. Grayish-brown laminated sandstones with a greenish coating and mud marks on the 
surfaces of the lamin~ _ . __ . ________ ... ___ . _ ~ .. ____ . _ ... _ . _. _ .. __ ... ____ .. _ .. ___ .. _ 

2. Fine-grained, rather compact, glauconitic sandstone, somewhat laminated, dark brown 

and greenish gray ...... -----.---------.---.---- ... - .. ------- _._---.-----.---..;---- .. 
Primordial group: 

1. Milk -w bite quartzite ...... ___ • ______ . _ .. ~ •.• _ .. __ .. ~ _ ••... _ _. .... __ . _ ................. . 

Gneiss: 

Total thickness of Silurian about. ...••••.•. _ ... _ ..... -- ... - ............... 7 •••• : •• 

a Estimated. bU. S. Geol. Geog. Surv. Terr., Eighth Ann. Rept., for 1874, 1876, p. 113. 

Ft. In. 

219 6 

68 4 

4 9 

22 8 

98 6 

10 0 

40() 0 

819 9 
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In the same volume is published another series of sections made on Eagle River 
at a point eonsiderably below the foregoing, which represents the -higher beds of the 
series, as that does the lower ones. 

Section of Jurassic, head of second canyon, Eagle River, -'J·uth side. 
I 

(After Peale. ) a 

Thickness 
in feet. 

1. Space probably filled with sandstones and marls, about .... _ .... __ ........ ____ ... __ ....... 500 

2. Laminated sandstones and blue limestones .................................... J .. _ ....... } 
3. Light-yellowish brown sandstone .. _ ... ___ .... _ .. ____ .... __ ~ __ .. __ . ____ .... __ J . _ _ _ _ _ _ _ _ _ 190 

4. Blue limestone .................. _ .......... _ .............................. _. ___ .• ___ .. ". 50 

5. Gray shaly sandstones with interlaminated marls and thin bands of blue limesto1e ......... ~ 

Totalabout·------------------------------------------------------------------------ 940 
I 

Section of Triassic on Eagle River at second canyon. (After Peale.) b . 

8. Massive light-colored quartzitic sandstone.------------------------------------ ~ ----------
7. Red sandstones so mew hat laminated ..................... _ .................... _. _ ... _ ... } 
6. Pink quartzitic sandstone .... . .... _ ......... _ ....... __ ....... __ ............ _ ... __ .. __ . _. 

5 .. Red sandstones, more massive than the lower layers, although there is some lamination __ •. 
4. Coarse white sandstone ................. _~ __ ......... _ ............ _ ...... _ ... l ....... __ . 
3. Red and brown laminated sandstones, some of the layers being seemingly calcarebus . _____ . 

Feet. 

10-20 

300 

375 

.5 

193 
2. Purplish sandstones ...... _______ ......... _ ............. _ .. __ .. __ .. ____ .. ___ .... _ _ _ _ _ _ _ _ 15 

, I 
1. Red sandstones, so mew hat laminated- - - - - - -- -- ---- - -- --- ·---- · · ·- · - · ·- · · · · · · · I -·---·---·~ 

Total thickness ... _ .... _ ...... _ .. _. _ ... _ .. _ ... __ ....... ·....•. . . . . . . . . • . . . • . . . . . . . . • . 978 

I 
1. Gypsiferous shales and sandstones. The gypsum occurs in great quantity an<il is rather 

Section of Permo- Carboniferous. (After Peale.) c 
Feet~ 

impure. The sandstones are laminated and generally of a pink or red color. I was 
unable to get the exact thickness, · but the outcrop was from ........... _ .. ___ .l ....... _ 500-800 

2. Shales, · sandstones, and limestones, alternating colors, pink, brown, gray, yelfow, white, 
cream color, and blackish. These beds are best shown on the north side of the river. 

. I 

They incline generally about 60°. In some places they are inclined past the vertical, 

especially in the upper portion. The thickness is about. ............ _ ........ __ ........ 500 

3. Pink, brown, and gray shaly sandstones with interlaminated thin beds of blu, limestone. 

These beds resemble those I noticed in 1873 in South Park, which are given in the report 
of 1873, in sections 9, 10, and 11. The thickness on Eagle River is about. ........... __ . _ 200 

Total thickness .. _ .......... _ . _ . _ ... _ .... ____ .•... _ . _ ........ __ ... _ ...... l .. __ ... _ . . 1, 500 

The first section c0nt3ins beds referred to the Silurian, CarJoniferous, and 

Permian; the other to the Permian, Triassic, Jurassic, etc. . It is notl dear from th. e 
context that the Permian portion of the latter is continuous with tre Triassic and 
the Jurassic series, but this appears to be the case. The following is tJhe summarized 

aU. 8. Geol. Geog. Surv. Terr., [Eighth] Ann. R ept., for 1874, 1876, p. 119. b Ibid., p. 122. c Ibid., p. 125. 
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section, based apparently upon . both of the foregoing ones, which he published in 
the annual report for 1875. It includes only strata believed to belong to the Eocar­
boniferous, Coal Measure~; and Permian. There appear to he important departure~ 

from the original section from which the summary was derived. 

Generalized section on the Eagle River, district of 1874. (After Peale) .a 

PERMIAN. 

Feet. 

Micaceous sandstones and gypsiferous shales of variegated colors, with thin beds of limestone at 

the base. Fossils: Calamites suckovii, C. gigas, Stigmaria ficoides, Spirifer, Productus, Orbicula .. 2, 000 

COAL MEASURES. 

White, greenish, and reddish, hm1inated, m1caceous sandstoneR. and b-lack shales, with patches 

of carbonaceous material; near the base are limestones, b with Avicula, Aviqllopecten, 
Pleurophoru.~ __ .. _ . _ . __ ..... ____ . __ ... _ . __ .. ___ . ____ . ______ . ______ . ______ . ___ .. __ . . . . . . 2, 500 

SUBC ARBON! F EROUS. 
' ' . . 

Limestone, somewhat shaly above, but massive as we descend, about .. _._._ ................. _ 500 

Total. _ .. __ ............. __ .. _ ..... _ ... ___ ....... ___ . _ .... __ .. _ . _ ... _ ... ___ . _ ... _ _ _ _ _ 5, 000 

The first section quoted was made,-as I have already stated, along the upper 
portion of the ~agle River, the Carboniferous beds .being chiefly exposed near the 
mouth of . Ro-che Moutonn~e Cr~ek. This section is northeast of the Aspen district 

and northwest of the Tenmile district, the three points forming a triangle with nearly 
equal sides. · This s~ctio~ is subdivided . into ~ Sil~rian, .a Carboniferous, and a 

Permian series, with the possibility that ,a thin Devonian series may be ·included 

with the Carboniferous. In the section quoted it is apparent that the lowest group, 
consisting of 400 feet of quartzite, which Peale refers to the Primordial, is the 

Sawatch quartzite of the Tenmile and Aspen sections, and that the 200 feet of 

magnesian limestone at the top of hi~ Silurian section, which is otherwise unclassified, 
belongs to the Yule limestone. The question then presents itself of the disposition 
of the 200 feet of siliceous beds which he refers to the Calciferous gronp. It is 

possible that the bed of glauconitic sandstone which Peale cites just · over his . 

Primordial quartzite ean ba correlated with a similar bed which Spurr described as 
occurring in the upper portion of hi~ Cambrian quartzite. The two bed~ agree 
with singular closeness in thickness,lithologic character, and stratigraphic position.e 
The strata which overlie the glauconitic quartzite at Asperi . and are tran~itional to 

the Silurian dolomite are also similar to the Calciferous group of Peale's section. a 

a See sections, Report of 1874, pp. 115-119. 
b This layer may possibly be Subcarboniferous [Peale]. -
c Spurr calls attention to the wide extent of this glauconitic horizon on page 7 of the Aspen monograph, Mon. U. ~-

Geol. Surv., vol. 31, 1898, . 
_ d 'rll_e upper, transitional portion of the Sa watch quartzite of the Tenmile district is not nnlike Peale's Calciferous 

group, although very much thinner. The la.tter also resembles the lower or quartzite member of the original Yule. 
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The most satisfactory course seems to be to consider the latter an , xpansion of thA 
upper or transitional portion of the S~watch quartzite. Described as it is in Peale's 
section, this series would hardly be regarded as part of the Yule limestone of the 

Aspen section. At all events, the siliceous beds at the base of thf section have a 
greater development on the Eagle River than either at Aspen or in the Tenmile 

district. The Yule limestone, though thicker than in the latter a t ea, is somewhat 

thinner t~an at Aspen. Taken together, the Cambrian and Siluri~n beds, 823 feet 
in thickness, are slightly in excess of the combined maximum meaJurements of the 

two series at Aspen, and greatly more than their combined measrrements in the 
Tenmile district. It would appear that the lower portion of the section, especially 
the siliceous part, is thickening rapidly toward the northwest. / This inference 
receives confirmation from a remark by Peale a to the effect that "there was a much 

greater development in Mr. :Niarvine's district." This statemedt refers to the 

Silurian beds, under which term it must be remembered are inlcluded both the 
quartzitie and the calcareous strata mentioned above. 

The limestones at the base of the Carboniferous portion of the ~ection occur just 

above those given in the section of the Silurian. The lowest of I these evidently 
belongs to the Leadville limestone, and the beds above, which app,ear to be mainly 

calcareous, must represent the \'\T eber formation or Weber shales of t·11 e oth0r sections. 
In spite of the fact that Peale says, referring to beds 25 and 26, that "The remainder 

of the section to the beds I included in the Devonian~ is as follows," indicating that 

the Devonian occurred below bed 26, it is quite clear from remarks on the opposite 
pageb that beds 25 and 26 are the ones which are regarded as belonging to this period. 

The reference of these beds to the Devonian seems to be largely hypothetical, and is 
in part certainly erroneous, while it may be in part also correct. 

I am satisfied, from the lithologic character, the position in the jsection, and to a 
certain extent from the fossils, that bed 26, whose thiekness is not given, is the 

Leadville limestone of later reports. This formation is known a~ so many and so 

widely separated localities to eontain a Devonian fauna in its lower /portion that it is 

probable the same oecurrence will be found at this point also. I 

Bed 22, from its lithologie charaeter and relative position, can safely be re~rred 
to the Maroon formation, or Weber grits, as it is alternatively called. As the 408 

feet of beds immediately below, whieh are said to be eoncealed fo~· the most part, 

consis~ of micaceous shales and sandstones in the upper portion, f ith limestone at 
the base, it seems probable that a portion of bed 23 also belongs in the Maroon. 

From the limestone is eited a fauna which is probably of Upper C~rboniferous age. 
As the Leadville limestone contains a Mississippian fauna it is necessary ta. conclude 

that the base of 23 belongs in either the Weber or the Maroon forJa~ion, the age of 

aU. S. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, p. 110. b Ibid., 114. 
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both being. Upper Carboniferous. It seems proba;ble that beds 26, 25, and possibly 
also a portion of 23, represent the Leadville.., Weber interval, using· the term Weber 
as it is employed in the Aspen monograph. This leaves the formation without any 
det~qninable bo~ndaries . and · with ~ thickness .only approximately deter~inable. , 
Beds -25 ::tnd 26 have a combined thickness of'from 1,000 to 1,500 feet; and if to this 
be added 100 or 200 feet from the base of 23, we obtain 1,200 to 1, 700 feet as the 
approximate thickness of th_e Leadville and Weber formations.- In the-Aspen district 
these formations have an aggregate thickness of 1,350 feet, while in the Tenmile dis­

trict their thickness is only 500 feet. It thus-. appears • that Peale's Eagle River sec~ion 
in . the matter of the two formations mentioned above· is close to the Aspen section, 
but differs widely from that of the :Tenmile district. 

The rem!P.nder of Peale's Carboniferous series, with an aggregate . thickness of 
about 2,300 or 2,400 feet, corresponds in position and character to the lower part of 
the Maroon formation of the Aspen district. There· seems 'to be, h-owever; a much 
smaller proportion of dark-red or brownish members. This series also is similar to 
and probably represents the Weber grits of the Tenmile district, and as· the thick­
ness is nearly the same in each case, it may be that the horizon taken by Peale as the· 
top of his Carboniferous series about corresponds to the .line -dividing the Weber 
grits from the Maroon .formation of Emmons's section. 

The Carboniferous series ·continues upward into one which-Peale calls Permian. 
The evidence for this reference. consists of three species of plants, one of which is · 
exclusively Permian, the· two others being espeCially Coal Measure,. though ranging 
up to or into the base of the Permian. As: the evidence of invertebrate fossils found 
elsewhere at the same horizon a . indicates that the geologic age is not Permian but 
Upper Carboniferous, it would be desirable ·to ha.ve the paleobotanical evidence 
reviewed and a larger flora collected. Of the .Permian,. in the section under consid­
eration, Peale gives 1,276 feet before the top is reached~ This Permian series is 
lithologically similar to that called Carboniferous, and like it, .! believe, represents 
the Maroon formation, belonging to ·the ·upper portion, which was not differentiated 
by Spurr, but to which Emmons rest:icts .the name Maroon. 

l?eale's other Eagle Rivet section, ·made near the second canyon, comprises series 
referred to-the Permian, Triassic, Jurassic, etc. The two Permian sections are by 
no means strikingly similar lithologjcally, and- I doubt if .any more than· the basa\ 

portion of the second correspo-nds to the ·top of the first. Possibly they are even 
entirely superimposed. Indeed, Peale remarks b that "Farther down Eagle River, 
where the Red Beds are present, the strata immediately beneath are so changed that 
I could not positively recognize any of the beds of the section made further up the 

a Probably about the Rico formation of the San Juan and the upper Maroo~ of the cent;al part of the State. 
bU. S. G:ol. Geog.' Surv. TE>rr., [Eighth] Ann. Rept., for1874, 1876, p. 118. 
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river." So far but about 3,600 feet have been correlated with the Maroon formation, 

which at Aspen has a thickness of 4,000 feet, as .. the equivalent series has in the 
Tenmile district. It is quite clear to me that strata are jncluded in the Permian 

of the lower Eagle River section that are higher than the highest of the Permian of 

the upper section, but just how great a thickness, if any, is equivalent, and whether 
the superjacent portion belongs to the Maroon formation or to the Red Beds, are 

questions difficult to answer. I shall return to this point presently. 

Peale's Dakota group seems to correspond to that to which Spurr applied the 

same name at Aspen. His Jurassic is marked by characters similar to those of the 
Gunnison formation of th:~.t region, and I think that they will be found to be equiva­
lent. If, as seems probable, the unconformity which preceded the Gunnison in the 

Crested Butte and Aspen regions was present where Peale obtained hjs section, it 
appears to have escaped his notice. Peale's Triassic is the well-known Red Beds 

series, and can probably be correlated in a general way with the Triassic of the Aspen 
and with the Wyom-ing sandstone of the Tenmile distdct, but the former has a thick­

ness of 2,600 feet, and the latter of 1,500 feet, while Peale's Triassic, which is repre­

sented only in the lower Eagle River sec.tion, measures less than 1,000 feet. . If, 
however, to this series be added the upper portion of that which underlies it, called 

Permian by Peale, the thickness becomes more normal, viz, 1,500 to 1,800 feet; and if 
we can grant that the lower part of the Permian of this F5ame section, whose upper part 
has been joined with the Triassic, is not really the equivalent of the Permian of the 

upper Eagle River section, but largely overlies it, the equivalent of the Maroon will 
be increased from 3,600 to 4,300 feet. It is objectio?able to depart from the author's 
grouping of these beds, but by doing so in this ·case greater uniformity in the lithol­

ogy and thickness of the differ~nt formations is attained. Peale himself has made 
equally wide departures in his summarized section published in the annual report for 

1875, apparently with the object of bringing this section into a closer agreement with 
those of other areas. In this section he refers 500 feet at the base to the Eocar­

boniferous. This division is clearly that to which a thickness of 1,000 to 1,500 feet 
was earlier given, and which was doubtfully referred to the Devonian (beds 25 and 

26). The Coal Measures division of the summarized section comprises without doubt 
. beds 1 to 23 of his earl}7 Carboniferous section (section No. 2, page 115). To the 

Permian of the summary section a thickness of 2,000 feet is ascribed, while of the 

earlier Permian section3 one has 1,500 feet and the other 1,276 feet. The upper por­
tion of the summarized section evidently cortesponds to the top of the Permian of the 
lower Eagle River section. The increase of 500 feet in the later reference must have · 

been arbitrarily made, or else have been justified by adding to the base of the section 
on the lower Eagle River some portion of the Permian of the upper Eagle River 
section. This is the course which I have allowed mysel,f in the foregoing discussion. 

14364-:No. 16-03-5 
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Proceeding in the manner already outlined, the combined Leadville and Weber 
formations, according to Peale's sections, would have an approximate thickness of 
from 1,200 to 1, 700 feet. Assuming 300 feet for the Leadville limestone (this 
formation measures 350 feet at A-spen and 200 feet in the Tenmile district), and 
accepting about the mean of the measurements for the combined thickness of the two 
formations, in the neighborhood of 1,000 feet would then have to be assigned to the 
Weber formation. The Maroon_, according to the above calculations, measures about 
4,300 feet, and the Wyoming 1,500 to 1,800 feet. 

Comparing the Carboniferou~ formations in the three sections discussed, it is found 
that their relative thickness is as follows: Leadville limestone, at Aspen 350 feet, on 
Eagle River 300 feet (assumed), in the Tenmile district 200 feet; Weber formation, 
at Aspen 1,000 feet, in Peale's section 1,000 to 1,200 feet, in the Tenmile ·district 300 
feet;. Maroon conglomerate and its equivalents, at Aspen 4,000 feet, in Peale's section 
4,300 feet, in the Tenmile district 4,000 feet; Wyoming formation,. at Aspen 2.600 
feet, in Peale's section 1,500 to 1,800 feet, in the Tenmile district 1,500 feet; the 
upper limit of the Wyoming formation being an unconformity in each case. The 
total thickness of the Upper Carboniferous would then be, at Aspen, 7,600 feet; in 
Peale's section, about 7,500 feet, and in the Tenmile district 5,800 feet. The greatest 
variation in individual formations appears to be in the case of the Weber and 
·wyoming formations. The Maroon remains remarkably constant in thi~kness, 

though apparently very variable in lithologic detail. · The Leadville also varies 
proportionately in thickness, being at Aspen nearly twice as much as in the Tenmile 
district. Variations in the thickness of the constituent formations and of the mass 
as a whole may be due to erosional unconformities, one of which followed the Lead-

. . 
ville, while others possibly intervened between the Triassic and the Maroon and 
between the Weber and Maroon formations. 

Stevenson,s report for .the One Hundredth Meridian Survey a upon his district in 
central Colorado covers much of the area which was worked by Marvine, :Peale, and 
others. He describes several sections made in the Grand River, Elk Mountain, an <;I 
South Park regions, one of which (that on the forks of Eagle River) must have been 
taken very near the outcrops which furnished Peale's section just discussed. Just what 
streams are intended to be indicated by the north and south forks of Eagle 
River I have not been able to ascertain, but the section · must be located, as I have 
said, very near that which Peale worked out on Eagle River near the mouth of Roche 

Moutonnee Creek. 
The exposures of the Silurian are said to be exceedingly fine on the South Fork 

of the Eagle River, and to differ little from those of Bald Peak. They appe~r to 
consist of massive, dark quartzite, which rests upon granite (page 360). No detailed 

) , , 

aU. S. Geog. Geol. Expl. Surv. W. lOOth Mer., Rept., vol. 3, 1Si5, pp. 303-501 .. 
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section is given. Apparently here, as in the Elk Mountains, Stevenson di1 not see 
or did not record the light-colored Yule limestone which usually intervenes between 
the Sawatch quartzite and the Carboniferous. 

The Carboniferous section, according .to Stevenson, possesses characte ·s which 
were uniformly observed over all the area examined. Referring to the s ction on 
the forks .of Eagle River, he remarks: "As exhibited there and elsewhere, t e succes­
sion seems to consist of, :first, a group of sandstones resting on a thick imestone 
and holding beds of gypsum interstrati:fied with thin limestone~; second, r sting on 
No. 1, a group of limestones and coarse sandstones; third, above all a grea mass of . 
coarse sandstone, in which no beds of limestone were seen." (Page 362.) t pplying 
this to the detailed section of the rocks exposed on tbe forks of Eagle River (~age 368), 
it appears that the upper division, bed 1 of the section, is about 2,500 feet in thick­
ness; the n1iddle division, beds 2 to 20, inclusive, 500 feet in thickness; and t~e lower, 
beds 21 and 22, about 2,000 feet in thichnes~. But it must not be supposed ~hat with 
bed 22 the bottom of the section is reached, for he says (page 370): "With this 
stratum, which is not more than 200 feet above the bottom limestone, the {neasured 
section closes." The "bottom limestone" of this quotation is probably that ~escribed 
on page 362 as the thick limestone upon which the major portion of the· section 
rests. This heavy limestone series must, I think, include the Leadville limestone as 
one of its members, with possibly the limestones of the Weber formati n in its 
upper portion ~nd the Yule limestone at .its base. The three groups of str ta over­
lying it appear to belong to the Maroon fo1.:mation. 

Stevenson apparently missed the Red Beds altogether in making this sttion, for 

~~:=g~~:~:so~~:co:e~z~:~:; ~;;s~~c :.:~7r~: ~!s ~~::;e~n:~i~:;:e: h£htls::c~~~: 
and the Carboniferous sections of the Crested Butte region, where the ed Beds 
are apparently wanting; and (3) he compares the upper portion of the. secti n of the 
Sangre de Cristo Range, in which no strata belonging to the Red Beds are · ncluded, 
with the upper portion of his section on the forks of Eagle River. a I . 

conclude that Stevenson saw no equivalent of the vVyoming formation i making 
this section; that if he had he would have referred it to the Triassic; an that the 
recognizable portions of his section can be referred to the Leadville limeston and the 
:Maroon formation. He probaply did not distinguish any beds equivale t to the 
Weber limestone. 

The whole series of Stevenson's section above the basal limestone a pears to 
belong to the Maroon formation, and is equivalent to the Carbonifero s (bed 1 

to the middle of bed 23) and Permian of Peale's upper Eagle River sec ion, with 
probably the lower 700 feet of the Permian of the lower Eagle Rive section. 

aU.S.Geog. Geol. Surv. W.lOOth Mer., Rept., vol. 3, Suppl.,p. 74. 
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Apparently the. upper portion of Peale's series, including the gypsum beds, is not 
represented in Stevenson's . section. Peale states a .that the gypsiferous series on 

Eagle River which Stevenson refers to the Carboniferous is the same which he him­

self reported as Permian or Permo-C~rboniferous. This can, however, hardly be 
the case, as Stevens€m's gypsiferous series is at the b<?ttom of his section, ;whil~ 
Peale's is naturally at the top. The thickness given by Stevenson, which ·amounts 

to 5,000 feet, is greater than that of the corresponding beds in Peale's, Spur-r's-, or 
Emmons's sections, b and there is a more o~ less marked lack of agreement in detail 

between his section and the others mentioned, though this is ·to be expe,cted in all 

save Peale's. Compared with the Aspen section, t~at given by Stevenson represents 
the 1\'Iaroon formation, but at Aspen the Maroon is 4,000 feet . thick and the calcare­
ous beds are chiefly confined to the lower portion, while Stevenson found them in 

the. middle portion and assigned to the whole a thickness of 5,000 feet. The series 
which Stevenson divides into two great sandstones with an intermediate calcareous 

group must ~pparently be correlated with the Weber grits and Maroon formation 
of the Tenmile folio. In the latter their combined thickness is ghren as 4,000 feet, 

while in Stevenson's section it is said to be 5,000 feet. Limestones appear to be 
much more abundant in the Tenmile district than in the section at the forks of Eagle 

River, and are especially characteristic of the upper portion, in wh~ch, in the latter, 
none were seen. This only proves, besides possibly a slight exaggeration. in Steven­
son's measurements, the great variability in lithologic details from point to point 'of 

this series of sediments. Stevenson has stated that the general description which I 
have. quoted above holds good for the great area surveyed by him. It is tru-e that 

the general features are very persistent and that the sequence almost everywhere 

consists of a heavy limestone below and a great series of sandstones, with shales and 
thin limestones, above. ]3ut the other points mentioned are not constant. Steven­
~on usually seems to find, it is true, gypsum beds in the lower part of the sandstone 
series, an occurrence not often mentioned by other geologists, but the abundance 

and position of the limestone beds, upon which the subdi_visions made by the latter 

depend, appear to be features .of great vari"ability. . 
Stevenson remarks upon the conglomerate which ~orms the downward termina­

tion of his measured section on the forks of Eagle River that this bed is '"some­

. what altered, but in all other respects resembles the conglomerate seen at the head 

of Taylor River." This expression evidently refers to the section in the Elk 
Mountains described on page 365 of his report, where a conglomerate is recorded as 

aU. S. Geol. Geog. Surv. Terr., Ninth Ann. Rept., for 1875, 1877, -p. 73. 
bIt is more in agreem ent with the Maroon of the Crested Butte quadrangle, which measures 4,500 feet, though here 

may be included probably inconsiderable portions of altered and unrecognizable Wyoming sandstone. Stevenson calls 
attention to the similarity of the upper -division of his Eagle River section to the upper division of that in the Sangre de 
Cristo Range. The latter in its lithologic character strikingly resembles the upper Maroon of the Crested Butte district. 
All three have the same thickness, 2,500 feet. (U.S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Sppplement, 1881.) 
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overlying 100 feet of shale and sandstone which rests upoll 150 feet of ~imestone. 
The suggestion conveyed is that the ''bottom limestone" which unterlies the 
arenaceous series in the section on the forks of Eagle River, and wh~ch I have . 

already inferred to be the basal calcareous member of the generalized Car~oniferous 

section as recognized by Stevenson, corresponds to the limestone forming ~he base of 
the section on the West Fork of Taylor River. The character of these li~estones is 

such as to support the belief that they belong to the LeadviUe limestone. 

In 1876 Endlich was given the White River di~trict for geologic e:famination 
and report. a ''To us," he says, ''had been assigned the region lying 1 est of the 
['-"'bite River Indian J agency, bordered on the north by the White Ri er, on the 

west by longitude 109° 30' west, on the south by north latitude 40° , and joining on 
the east with the district of the late lVIr. Marvine (1873) along a line of about 107° 
45' west." b This area includes only the western margin of the Grand ~iver Paleozoic 

region. _ , 
The oldest beds exposed in this district are the Red Beds, or J uratr as. These 

, are said to rest conformably upon the Carboniferous, which outcrops ex: ensively in 
ManTine's district to the east. Endlich's account is very brief and may b condensed 
into few words. According to him the Trias con.sists of maseive beds o red sand­

stone which have a thickness at one point of 2,000 feet and are overlain I by a series 
of gray shales and marls interstratified with thin beds of sandstone. The latter 

apparently represent the Gunnison formation of the Crested Butte quadjrangle, but 
the massive white sandstone at the base of the Gunnison is not differentiat~d here, or, 

at all events, is not distinguished by Endlich. The Triassic itself I am disposed to 
believe the same as the Lenado Red Beds and the Wyoming formation f the Ten­

mile district. The Lenado Triassic is reported as 2,600 feet i_n thicknes , while the 

latter measures 1,500. On the other hand, Endlich states of the Red Be~s that " In 
no manner were they observed to differ particularly from th<?se obser~ed on the 

eastern slope of the Front Range. Most likely their vertical developmebt is some­
what larger here than there, but in all lithological and stratigraphical f atures they 

agree closely." The occurrences on the Front Range I have ~upposed o represent 
the \Vyoming, and possibly, in local sections, part of the lVIaroon format ons. 

ELK MOUNTAIN REGION. 

The only piece of detailed geologic work in t~e Elk lVIountains in whi h a section 

is established suitable for use as a basis of eompa, ison with the less compl te observa­
tions of the several reconnaissance surveys which have visited this reg on is Folio 

9 of the Geologic Atlas of the United States. c 

aU. S. Geol. Geog. Surv. Terr., Tenth Ann. Rept., for 1876, 878, pp. 61-159. 
b Ibid., ·p. 63. 
, u. s. GeoL Smv., GeoL A tl"' ofthe U. S., Anthrncite-C,T ted Bntte Folio, Col omdo, folio 9,

1

1894. 
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The Paleozoic geologic section in the Crested Butte quadrangle, as given in the 

Anthracite-Crested Butte Folio, is as follows: 

Paleozoic section in Crested Butte quadrangZe. 

JURA TRIAS. 
Feet. 

Gunnison formation: The upper two-thirds drab, green, yellow, and pink clays, with thin 
limestone. The base i~ a heavy white quartzite _____________ ~ __________ ·- _____ -----,--- 350-500 

CARBONIFEROUS. 

Maroon conglomerate (upper portion): Conglomerate and sandstone in heavy beds. The 

material chiefly derived from the Archean and partly from the earlier Carboniferous beds. 
Occasional thin beds of fossiliferous limestone ____ : _ .: ____________________________ . ___ - - 2, 500 

Maroon conglomerate (lower porti'On) : Quartzose conglomerate, grit, · and sandstone with 

varying amount of pebbles derived from the Carboniferous, which sometimes form the bulk 

of the deposits. Color yellowish gray. There are thin, interbedded limestone layers. 
These and the limestone pebbles are fossiliferous. _______ . ______ . ___ . ______ .. ~--------- 2, 000 

Weber limestone: Dark gray to black shale, with thin limestones carrying black chert. _____ - 100-550 

Leadville limestone: The upper third massive, blue, and cavernous. The lower two-thirds 
bedded, gray to brown. Dark cherts _____________________________________________ . __ 400-525 

SILURIAN. 

Yule limestone: At the top, 80 feet of green, pink, and yellow shale and thin limestone. The 
middle portion massive gray lim'estone with white chert. Lower portion white quartzite 
75 to 100 feet thick _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 350-450 

CAMBRIAN. 

Sawatch quartzite: The upper two-thirds red quartzite ct;mtaining glauconite. The lower 
two-thirds quartzite with conglomerate at the base; pebbles of white quartz.____________ 50-350 

ARCHEAN. 
Granite, gneiss and schist. 

An unconformity is indicated at the base of the Sawatch quartzite, another 
between the vVeber and Leadville limestones, and a third at the top of the Maroon 

conglomerate. 

The geologic sequence In the Crested Butte quadrangle appears to be in the 
main very similar to that at Aspen which I have discussed on the pages devoted to 
the Grand River · region; and as the most probable correlation between the two is 
indicated by the nomenclature employed for the formations of the two sections, as 
well as in the text of the monograph, no discussion on my part is ·called for except in 

one or two instances. Spurr .found that in his area the Cambrian and the Silurian 
beds became thicker toward the south, but, contrary to what one would expect from 
this, the Cambrian of the Crested Butte quadrangle is thinner than that of the Aspen 

region. The Silurian, however, is a trifle thicker. The combined thickness of these 
formations appears to be about the same in both areas. 
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The Parting quartzite was not recognized as a distinct formation in the Crested 
Butte quadrangle, but seems to be represented there in the upper part of 1he Yule 
formation. Spurr states: a "Mr. Eldridge has described what is also evid, ntly the 

equivalent of these beds in the Crested Butte area thus: The upper divisionJ 60 to 90 
feet thick, consists mainly of green, yellow~ red, and white shales, with moJe or less 
arenaceous and calcareous layers, the latter passing into thin limestones. the per­
sistence of its general lithologic character renders this horizon easily recog~izable." 

The Leadville limestone is proportionally much thicker in the Cr~stfd Butte 
quadrangle than at Aspen, while the Weber forma.tion io, on the other ha~d, much 

thinner. The Maroon formation is about the same in each, being· a little t ' icker in 
the Crested Butte quadrangle. ·It is possible that the discrimination betr een the 
Weber and Maroon formations was not made at precisely the same horizf n in the 
two areas, and at all events the combined thickness of these formations i$ in close 
agreement, being 5,000 feet near Aspen and from 4,600 to 5,050 feet in the Crested 
Butte quadrangle. 

Spurr seems to feel satisfied that the beds which he calls Gunnison for1 ation in 

the Aspen district are the equivalent of those bearing the same name in th, Crested 
Butte quadrangle. The described eharaeter and occurrence of the two se ies tend 
to corroborate this view. A similar probability surrounds the correlati n of the 
Maroon formation in the two areas. In the Crested Butte quadrangle th Maroon 

conglomerate is succeeded by the Gunnison formation with an unconformity etween. 

In the Aspen region, however, beds having the character of the Maroon pas upward 
without apparent break into a series otherwise somewhat similar in char· cter, but 
colored a brighter red. It is this formation which at Aspen is followed by he Gun­
nison preceded by its unconformity, as in the Crested Butte quadrangle. It seems 
from this that we have at Aspen a series of considerahle thickness which is not rep­
resented in the Crested Butte region, a fact to which Spurr calls attent on.b Its 
absence in the Crested Butte quadrangle can hardly be accounted for in 1 ny other 
way as satisfactori!y as by ascribing the conditions there prevailing to t e uncon­

formity owing to which the Gunnison formation in that area, we are told, r sts some­
times upon the Maroon conglomerate and in some cases upon older forma ions. It 
is possible, however, that this series may actually occur in the Crested But e region, 
but so changed by metamorphism as to be unrecognizable. In the souther part of 

the region, however, where the upper portion of the Maroon is thinner an has not 
been altered, its absence is nearly certain. 

Aside from the Anthracite-Cr~sted Butte folio, but little has been writ
1

ten about 

the geology of the Elk Mountains which closely concerns the subject in harJ.d. 
Perhaps the earliest account of geologic exploration in this region was !that pub-

au. S. Geol. Surv., Mon., vol. 31,1898, p. 20. blbid., p. 38. I 
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lished by Ruffner in 1874a, the geology being described by F. Hawn. One. of the 
routes traversed by Ruffner's reconnaisance in the Ute country: crosses the southern 
end of the Elk Mountains. · The descriptive treatment, as -one might expect from 
the rapidity with which the varty must have traveled, consists of little more· than 
mere notes, and 1 am unable to ·recognize with . certainty the different rock gr:oups 
distinguished in the Anthracite-Crested Butte folio except in one instance, where 
Coal Measure fossils are cited from an exposure of shale arid sandstone some 200 
feet thick, near the mouth of Spring Creek (p. 78). These probably belong · to the 
vVeber formation; and in that case the heavy limestone just below is the Leadville 

.limestone. The Carboniferous age of all the beds both here and elsewhere in which 
Coal Measure fossils were obtained was recognized by Hawn, but in· the Elk 
Mountains it seems from the context (p. 83) impossible to avoid the ctmclusion that 
he · referred the anthracite coal seams, at the head of Anthracite Creek, to the same 
period. 

The field of work assigned to Endlich for the season of 1873 was styled the San 
Luis region. His report for the year b deals chiefly with the line of Paleozoic out­

crops along the Mosqui~o and Sangre ·de Cristo ranges, but he also discusses portions 
o:f the Front Range and Elk Mountain areas. Of the Paleozoics in the latter area 
coming under Endlich's survey I shall here briefly speak. The series in the Sangre 
de Cristo and Front ranges are considered elsewhere. 

The Gunnison River, cutting through the Elk Mountains, dissevers their south­
ern end, which, under the name of Fossil Ridge, forms an area of Paleozoic outcrop 
distinct from the larger body north of the river. The geologic sequence at Endlich's 
station 38, which is situated on Fossil .Ridge, is described as follows: 

" ·The lowest members that can well be distinguished are about 320 feet of light 
gray to bluish to almost white limestones, with quartzitic segregations characteristic 
to the strata of that horizon, and sparse remains of crinoids. Although the identifi­
cation is necessarily not a very thorough one, these beds have been .. referred to the 
Silurian. Above that follow 80 feet of yellow and gray shales, regarded as Devo-· 
nian; then 175 feet of variegated shales, partly sandy, with isolated banks of limestone, 
weathering smoothly, with a steep face; 260 feet of light-gray and yellowish lime.: 
stones follow, interstr~tified with narrow bands of shale; and partly l}ltered so as to 
appear like marble; the whole is covered by 40 feet of light shales, separated from 
45 feet of the same material by a 20-foot stratum of dark-blue Carboniferous lime­
stone full of fossils·, etc. Upon this follow 150 feet of light-blue and yellow lime:­
stones, .dolomitic in part, etc. Single bands of quartzite appear also, and almost all 
the strata contain a few fossils. Overlying these ai·e 50 feet of yellow, reddish, and 
whitish shales without any fossils, etc." · 

a Rep. Reconnaisance in the Ute Country in 1873, by Lieut. E. H. Ruffner. WashingtOn, 1874. A3d Cong., 1st sess., 
House Ex. Doc., No. 193. 

bU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 305-357. 
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This series, which is reported as almost i~entically the same as that north of the 
canyon, both in thickness and in lithology, allows itself to be correlated with compara­
tive ease with the formations recognized in · the Crested Butte quadrangle. The 

Sawatch quartzite, it is clear, is wanting, or, more probably, occurs below the lowest 
strata described. These conRist of 320 feet of light-colored limestone with chert 

concretions, and they, with little doubt, represent the Yule limestone. The yellow 
and gray shales next above, which have a thickness of 80 feet, are the equivalent of 

beds of a similar character which in the Crested Butte quadrangle occur at the top 
of the ·Yule limestone, and which, it will be remembered, Spurr correlates with the 

Parting quartzite. The variegated shales which follow also suggest the upper portion 
of the Yule limestone, but to so identify them would give this formation an almost 

excessive thickness. All the succeeding formations, except the last, probably belong 
to the Leadville limestone. The dark-blue limestone with Carboniferous (?) fossils 

at lea~t almost certainly does. TB.e age of the fauna is not clearly indicated by the 
faunal list given by Endlich. It is compared, perhaps upon the authority of lVIeek, 

with the fauna from Mystic Lake, which is of Mississippian age. On the other 

hand, the general make-up rather sug-gests the Devonian fauna of the Our~y lime­

stone. The Rhyn: lwnella, "which has a decidedly Devonian aspe0t," I suspect to 
be Oa1narotmcldct endlichi. lt is now known that both Devonian and Carboniferous 
faunas are found in the Ouray limestone, and it m~y be that the material collected 

- in this case was a mixture from both horizons. At all events~ in the limestone in 
the Elk l\iiountains identified with the Leadville ·limestone, Devonian and Carbon­

iferous faunas occur similar to those from the Ouray limestone in the San Juan 

region, and the two formations can evidently be correlated. The occurrence in the 

limestone of Fossil Ridge of a fauna suggesting the same horizon, corroborating as 
it does the indications arising from geographic proximity and stratigraphic succes., 

sion,, makes it highly probable that we have a recurrence of that very persistent 
formation. There is~ however, much more shale associated with the limestone than 

is known elsewhere, and the lithologic character of the series seems to be more like 
that of the Weber limestone. 

The enormous area of Stevenson's survey in 1873 a included portions of the Elk 

Mountains in Colorado. The Silurian he found to be well represented. I have 

quoted his description of these rocks at length, but while his remarks incite specula­
tion they lend little aid toward arriving at a conclusion. He says (page 360): 

"On Taylor River, at its head and along the west side of Taylor Park, as well 
as at its southeast corner, the Silurian rocks are well exposed, underlying the 
Carboniferous. So~ also, at the head of Tumichi Creek. Throughout this region it 
seems to be almost entirely free from limestones, and the sandstones give no evidence 

aU. S. Geog. Geol. Surv. W. lOOth Mer., Rept. , vol. 3, 1875, pp. 303-501. 
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o£ calcareous matter. At the head o£ Taylor River the following section, descending, 
was obtained: 

Feet. 
1. Sandstone, very dark, somewhat vesicular in portions; contains much c~lcspar and some iron 

ore. It is not at all certain that this is Silurian. In many respects it is more nearly allied . 
to the Carboniferous above ........................................ ... ___ . _____ . _ ... ____ ~- 20 

2. Sandstone, completely converted into quartzite; fine grained, light gray . ___ ...... __ .... __ ... 20 
3. Shale, arenaceous above, white on fresh fracture, bright buff • on weathered surface; below 

quite argillaceous, with layers of cone in cone, and in parts quite' micaceous .. _ ...... _ ... _. _ J 18 
4. Sandstone, quartzite, coarse above, fine below; contains much chert, . usually in lenticular 

nodules, but sometimes united so as to form continuous layers; this chert is mostly bluish­
black, but occasionally light colored and dendritic;. geodes of quartz are numerous, 1 to 3 
inches in diameter. The stratum is very thick bedded .......... _. _____ . ______ ...... __ . _. 75 

5. Sandstone, slightly altered, grayish yellow, fine grained, micaceous, shaly, with thin films of 
quartz along cleavage planes .. _ ... _ .......•. _. _. _. _ ... ___ . _____ . _. __ ~ __ . __________ ...... 45 

6. Sandstone, on·top completely altered, and for 20 feet has fra~ture like flint, is perfectly smooth, 
without grain, but shows clearly the lines of deposition; color, bluish white. Lower down 
is less altered, and the rock is a coarse-grained, compact sandstone. At the base is !1- con­
glomerate quartzite, the pebbles being usuaJly as large as a pea. This stratum rests upon 
coarse granite _. _. __ .. ~ . _ ... _ ........ ____ ... ____ .... ~ _ . ______ . ___ . _. ____ .. __ .. ____ . .' _. __ . · 70 

''At the head o£ Taylor Canyon No. 4 is quite light in color, and the chert is 
almost white, while at the head of Tumichi Creek it is as desci.:ibed in the section 
above. At the head o£ the canyon No. 5 is greatly increased in thickness, and is o£ 
Venetian-red or burnt-umber color, and has the same character wpere exposed along 
the headwaters o£ Tumichi Creek. Along the old miners' trail £rom Taylor to East 
River this section is occasionally se(:m, and differs £rom that given above only in 
that No. 3 becomes quite calcareous, being at one locality an argillaceous limestone. 
Nos. 3 and 5 are very characteristic and persistent throughout this region. In the 
southern portion o£ this area the Silurian has always been thin. On the lower 
. portion o£ Tumichi Creek and at two localities west £rom the Indian agency isolated 
exposure:; are seen where erosion has removed the overlying eruptive rocks. The 
rocks here belong wholly to No. 6 of the section above, and have a total thickness o£ 
not more than 70 or 80 feet. " 

The thickness o£ this series, which aggregates only 248 £eet, and its generally 
siliceous character, would lead one to believe at first that the whole section represents 

the Sawatch quartzite alone. On the other hand, it is peculiar: that there appear to 
be no calcareous beds below the Carboniferous suitable to be referred to the Yule 
limestone. It is possible that Stevenson grouped the Yule limestone with the Car­

boniferous limestone, but thiE-; can not be ascertained £rom his descriptions. On the 
other hand, the lithologic sequence when elosely compared with the section o£ the 

Crested Butte quadrangle is somewhat strikingly similar, though the measurements 
given by Stevenson are in every case considerably less. The lowest bed, No~ 6, is 

lithological1y quite like the basal member of the Sawatch quartzite. , No. 5, which 
at the head o£ the canyon is reported as having a Venetian-red color, resembles the 
upper member o£ the Sawatch quartzite. No. 4 is similar to the basal portion o£ the 
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Yule limestone. No. 3, which is said to be calcareous at one point, may represent 

the middle division of the Yule, but the upper division, that which Eldridge men­

tions as being especially persistent, and which Spurr correlates with the Parting 

quartzite, appears to have no equivalent in Stevenson's section, unless No. 3 repre­

sents it, instead of the middle division. . The surprising variability of these beds as 

described by Stevenson half leads one to doubt the accuracy with which they were 

identified at different points, in view of the rapidity with which the work must have 

been carried on. Stevenson's beds 1 and 2 seem to have no representatives in the 

Crested Butte section ~n the scale of the comparisons which have just been made. 

It seems more likely, therefore, that the varied series described by Stevenson is 

really only the Sa watch quartzite. a It is significant also that he in no instance 

describes beds which have the character and position of the Yule limestone. 

The different beds mentioned by Stevenson suggest some of those described by 

Endlich in the San Luis district, but a detailed comparison would not be profitable. 

If the whole of Stevenson's section represents the Sa watch quartzite, a parallel to the 

calcareous and shaly portion (No. 3) seems to be cited by Endlich, who says (page 

308) that sometimes the quartzites at the base of his section are represented by 

calcareous beds. 

Stevenson gives two sections of the Carboniferous in the Elk ~1ountains, one 

near the head of Rock C:r;eek (page 363), which I take to be the Rock Creek on the 

west side of the Elk Mountains, having its sources near Sopris Peak, and the other 

at the head of the West Fork of Taylor River. The relation . of the Carboniferous 

beds at the latter locality to the Silurian section is not given, whether it follows 

directly or with an interval between. 

The three beds of limestone at the base, aggregating 140 feet in thickness, are 

with -little doubt the Leadville limestone, while the shale above it has the position 

and many of the characters of the vVeber formation as described in the Anthracite­

Crested Butte folio. \Vith the . ·conglomerate, just above, the Maroon formation 

probably begins. Above the 100 feet of conglomerate and sandstone which are 

supposed to form the base of the Maroon conglomerate there follows an inter.val of 

unknown extent, which is succeeded by the section near the head of Rock Creek 

previously mentioned. "This interval is occupied principally by coarse sand­

stones. . . . " The Rock Creek section consists of sand$tones, thin limestones~ and 

some shale. The thickness, aside frorr~ beds 16-25, which are Cretaceous (page 365), 

amounts to 1,4 75 feet, but as there is a repetition in the Cretaceous beds, there may 

be one, though it is not obvious, in the Carboniferous also. All these strata belong 

evidently to the Maroon formation. 

a In this area the Maroon formation sometimes rests upon the Archean and occupies the position of the Sa watch 
quartzite. It is possible that an occurrence of this sort may have introduced a complication into this discussion . 
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Stevenson recognized no Triassic in this area, which is in ,accord with the 
mapping-of the Crested Butte quadrangle. 

The area of Peale's survey in 1873 embraced large &reas of Paleozoic outcrop in 
central Colorado, and in chapter 4 of his report a a description of the geology of the 
Elk Mountains is given. Owing to the complicated geologic structure of this region 
and the absence of detailed geologic maps, of detailed sections of any length, or of a 
general section, it is difficult for the reader to gain an understanding of the extent, 
character,_- and thickness of the geologic sequence there shown . . Bearing in mind, 
however, the sections :given iu . the Anth_racite-Crested B~tte folio and the Aspen 
:monograph, it is possible here and there to identify-with the formations recognized 
in those works the strata described by Peale. Apparently the geologic sequence is 
maintained wHh reasonable constancy over all the area surveyed. 

In the quartzite which he refers to the Silurian the Sawatch quartzite can be 
recognized, while the Yule and Leadville limestones can frequently be identified in 
his descriptions. His Jurassic is the Gunnison formation. I can not but think 
that for the most part his Triassic, Permo-Carboniferous, and Carboniferous, exeept 
such portion of the latter as may belong to the Weber and. Leadville formations, are 
the Maroon formatio~ of the Anthracite-Crested Butte folio. As pointed out .by 
Emmons and Spurr, the bright-red sandstones which i~ the Aspen regl_on are found 
to follow the Maroon formation and are referred to . the Trias i~ the Aspen 
monograph have not . been recognized in the Crested Butte quadrangle. Presum­
ably they are wanting -over the southern portion of the Elk Mountains~ Wherever 
this formation is not present (and considerable of Peale's work lay in the southern 
portion of the range) his Permian and Triassic belong in the Maroon formation. 
It is possible that farther north his Triassic may be equivalent to the red sandstone 
previously mentioned," which I take to . represent the Wyoming formation of the 
Tenmile folio. The fact is of interest, to which SpuiT calls attention, b that the 
Triassic sandstones on Woody Creek were mapped by the Hayden survey as 
Carboniferous. 

In narrating his observations during the field season of 1875 c ~his author com­
pares the section observed that year in the Dolores River region with other previous 
sections. In so doing he C?mpiles a generalized section for the Elk Mountains, 
which is more readily intelligible than the fragmentary ones of the original report. 
This ~ection I will quote as follows: d 

aU. S. Geol. Geog. Surv. Terr. , [Seventh] Ann. Rept., for 1873, 1874, fp. 193-273. 
bU. S. Geol. Surv., Mon., vol. 31, 1898, p. 38. 
cU. S. Geol. Geog. Surv. Terr., Ninth Ann. Rept., for 1875, 1877, pp. 29-101. 
d U. S. Geol. Surv., Mon., vol. 31, 1898, p. 77. 
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Generalized section in the Elk Mountains district of 1873. a (After Peale.) 

PERMIAN. 

Maroon-colored sandstones and shales, with conglomerate at bas~. NC! fossils. Thick-
ness not estimated _____________________________________________ ___________________ _ 

COAL MEASURES. 

Yellowish-gray and reddish sandstones and shales, with bands of limestone. Lower part 

of series is gray and greenish micaceous sandstones. Fossils. Third layer (top), 

Loxonema, b Productus muricatus, Spirifer; second layer, Productus muricatu.g, Athyris 

subtilita, Rhynchonella osagensis, Hemipronites crasstt8, Terebratula bovidens, Retzia punctu-

Feet.. 

lifera.; :first layer, Productus muricatus _____ ___ _____________________________________ . 1, 300-2, 000 

SUBCARBONIFEROUS. 

Limestones and limestone shales. Beds so distorted th.at thickness not positively taken. 
Fossils of Subcarboniferous type not yet examined __ ____ _____________ ______________ _ 

[Total] ______________________ . _______________________________________ . _ _ _ _ _ _ _ _ 4, 000--4, 500 

• _ The most appropriate sections with which to compare the foregoing are those of 
the Crested Butte quadrangle and of the Aspen district. It is clear that the lowest 

member of Peale's section represents in a general way the Leadville limestone, but 
it may also include the Weber formation, for the lowest beds of the" Upper Carbon­

iferous," just above those from which the fossils are cited, probably belong to the 

Maroon conglomerate. This is the conclusion at whi~h I have arrived from a study 
of the original detailed section given on page 251 of the Annual Report for 1873. 

Both the Carboniferous and Permia~ of Peale's generalized section of 1875 seem to 
belong in the Maroon formation, at least so it appears from the lithology of the upper 

beds and the thickness of the lower ones. The Permian, however, Peale correlates 
with the Permian of the Dolores River, the Eagle River, and the Park Range. Upon 

one hypothesis the Coal Measures and Permian combined of the Elk Mountains sec­

tion are equivalent to the Coal Measures and the lower portion of the Permian of the 
Dolores River region, the ·boundary in one case passing above the Permian and in the 

other through it. Upon another hypothesis the Per~1ian of the Elk Mountains, sup­

posing it to have the s~me limits as the upper division of the Maroon, is missing in 
the Dolores River region, the Coal ~Ieasures and the lower part of the Permian of the 

latter being equivalent to the Coal Measures of the Elk Mountains. 
The real equivalent of most of the Permian (and of most of the Triassic) in the 

Dolores section seems to be the bright-red sandstone described by Spurr from L{mado 
Canyon in the vicinity of Aspen. This formation is apparently not found at all in 

the Crested Butte quadrangle, and probably not at all in the southern portion of the 

a See pp. 21, 225, 230, 232, 247-264, r eport of 1873. 
bIn modern t erminology these forms are of course Loxonema, llfarg'inijera muricata, Spi1·ijer, ;tJarginijera muTicata, 

Seminula subtilita, Pugna.'C utah, Derbya crassa, Dielasma, bovidens, and Hustedia mormoni. 
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Elk Mountains. Wherever Peale cites the Permian or the Triassic from this region, 
therefore, the beds probably form part of the Maroon formation: Farther north 
the beds so denominated may be equivalent to the "Lenado" sandstone on the one 
hand and iri a· more or h~ss general way to this author's Permian and Triassic in other 
areas. Accordingly, thus qualified, the Permian of the Elk Mountains combined 
with the Carboniferous represents the Carboniferous arid Permian of the Eagle 
River, with the exception of the upper 800 feet of the latter. This, together with 
the Triassiq, would accordingly be equivalent to Spurr's Triassic about Aspen and to 
Peale's Permian and Triassic in the Elk Mountains wherever, if at all, these do not 
belong in the Maroon. Similarly, the Permian and Carbonifer-ous combined of the 
Elk Mountains are equivalent to the Permian and Carboniferous of the Park Range, 
both representing the Maroon formation of the Crested Butte quadrang-le. The 
Triassic of the Park Range, according to my view, is the same as Spurr's Triassic at 
Aspen, and probably has no equivalent in Peale's Elk Mountain section except, 
perhaps, sporadically. 

The reports by Hayden ~nd by Holmes a (chapters 5 and ) upon explorations in 
the Elk Mountains during the year 187 4 are descriptive in character and de'voted to 
a · discussion of the structural rather than of the historic~! geology of the area. One 
can recognize in their descriptions the Sawatch quartzite, the Maroon conglomerate, ·. 
and the Wyoming sandstone, but the observations recorded are of a general charac­
ter, and while agreeing with th.e section described in the Anthracite-Crested Butte 
folio add little or nothing to it except perhaps in the matter of distribution of the 
formations. Both authors speak of the gradation th!ough the Red Beds into the 
well-established Carboniferous, and as a result of this circumstance and of the com­
plicated geologic structure the Red Beds are united with the Carboniferous under .a 
single color in the ·geological map accompanying their report. . In the present 
instance the term Red Beds is employed for the bright-red "Triassic" series, the 

, maroon-colored series being correctly referred to the Carboniferous ,(p. 62). 

SOUTH PARK REGION. 

Though situated · at the extreme northern end of the Mosquito Range, the 
Leadville section would· naturally be selected to compare with the ]ess formal 
reports of earlier work dealing with the South Park region. Except for a few 
changes in the matter of formation names, the section described in the Leadville 
monogTaph b is practically the same as that of the Tenmile folio, which~ though that 
area is aJmost contiguous with the Leadville district, has been considered in connec­
tion with the geology of the Grand River region. Both the Leadville monograph 

aU. S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, pp. 54-58 and 59-71. 
bU. S. Geol. Surv., Mon., vol. 12, 1886. 
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and the Tenmile £olio, as is well known, are the work o£ the same geologist. The 
geologic section in the Leadville district may be condensed as follows (p. 58 et seq.): 

Section in L eadville district. 

CARBONIFEROUS. 

Upper Coal Measures: Base taken at the Robinson limestone. Consists of alternating calcare­

ous and siliceous beds, which at the base are like those of the vVeber grits and at the top like 
those of the Trias __ . _ . ___________ . __________ .. __ . _____ . _. _. ______ . _____ . ______ ______ . 

Weber grits : The typical rock a coarse white sandstone, passing into conglomerate, with 

Feet. 

which are mingled quartzose shale and miea-schists ................... _. _.............. 2, 500 

W eber shale: Extremely variable. A transition series of argillaceous and calcareous shale, 
alternating with quartzitic sandstone ...... ____ .. __ ................ _ .... _. _ ..... .. ... ~. 150-300 

Blue limestone: Dolomitic, deep grayish-blue in color, often nearly black near the top, while 

some of the lower beds are lighter. Upper strata marked by chert concretions containing 
fossils __________ ... _ ... ___ .. ___ ... __ . ___________ . _ . ___ .. __ .. " . _ ..... _ ........... _ . . . . 200 

SILURIAN. 

Parting quartzite: White quartzite ................. _. ___ .. _ ... _ ... _ .... __ . ______ . ___ . _... 40-70 

White limestone: Light-colored, more or less siliceous dolomitic limestone __________________ 120-160 

CAJI[BRIAN. 

Lower quartzite: Below, thin-bedded, white, saccharoidal quartzites, conglomeritic at the 

base. The upper 50 feet are shaly and calcareous, passing gradually into the siliceous 
limestone of the Silurian .......... _ ... _ ......... __ ........ _. _. _ ..... _ .. ,- . .. .. . . .. .. . 150-200 

ARCHEAN. 

Granite, gneisses, and schists. 

The section obtained £rom the Leadville monograph calls £or but little comment, 
as it differs £rom that given in the , Tenmile £olio, whose relation with the other 

sections in central Colorad.o has already been discussed, chiefly in its nomenclature. 
From the different formations, and especially £rom those belonging to the 

Carboniferous, more or less extensive faunas are eited. The faunal evidence, which 
will be discussed more at length in the section devoted to paleontology, shows that 

the Lea?! ville limestone is o£ Lower Carboniferous age and that the rest o£ the beds 
belong to the Upper Carboniferous. There is nothing to suggest the presence of 

P ermian. 
The .Paleozoic section throughout the South Park area ~eems to be in the main 

uniform and similar to that o£ the Grand River area, and the section described in 

the Leadville monograph is in a general way representative o£ the entire region. 
Aside £rom the Leadville monograph but little o£ importance has been written 

r egarding the geology o£ this narrow strip o£ Paleozoic outcrop, and that little also 
deals chiefly with its northern portion. Peale descri-bed the geology and gave some 

sections, £or the most part o£ the Leadville region, and Endlich described the 
geology o£ the southern portion in a way which it is difficult to understand and 

which does not inspire confidence as to his accuracy. 



80 CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO. 

· Peale's report for the year 1873, to which reference has already been made, has 
to do in part with the Elk Mountains, in part with the Front Rang~, which I .shall 

consider later on, and with the Park Range. a 

The sections given by Peale can be correlated more or less closely with the 

formations recognized in the Leadville monograph and th_e Tenmile folio. In fact, 
they are all located rather north than south of the central portion of the area. Those 

numbered 9 and 18 are the most complete and will best ~erve to compare with the 
Leadville section. Section 9, ·the description of which begins upon page 216 of 

the Hayden volume, was taken from the Platte River to Trout Creek, about 5 miles 
north of Fairplay. Beds 1 to 51, inclusive, Peale refers to the Carboniferous ·and 

·Permian. They probably all belong to the two formations which al.'e called Weber 

grits and Upper Coal Measures in the Leadville monograph and Weber grits and 

Maroon formation in the Tenmile folio. This series consists chiefly of sandstones, 
with some shaly beds and a considerable number of 2 and 3 foot.limestones. Above 
these come the Red -Beds, which attain here a thickness of 1,500 feet and have "all 

the chai'acters of the same beds east of the foothills and on Trout Creek west of 
them." (Page 218.) This series Peale refers to the Triassic '~, and it _is followed with­

out any observed unconformity by the Jurassic, and this by the Dakota Cretaceous. 

The Triassic, in its character and thickness, invites comparison with th~ formation 
which is described in the Tenmile . folio as th~ Wyoming formation. It is also 

similar to the Permian (in part) and Triassic of Peale's section on the Eagle River. 
Indeed, Peale calls attention to the similarity of the lower portion of his Permian 

section on Eagle Riverb to the upper beds of the series called Permian and Carbon­
iferous in the section under discussion. This naturally suggests that the Triassic 
of the latter corresponds to the Triassic and the upper portion of the Permian, 
combined, in the former. 

Following Peale's suggestion, all the beds included in his sections Nos. 10, 11, 

and 12 would belong to the Weber grits and Maroon formation. In the section 

made from the mouth of Fourmile Creek westward to Horseshoe Mountain (No. 18, 
p. 229) beds 98 to 7t; can with great probability be referred to the Sawatch quartzite. 

They aggreg-c:tte 150 feet in thickness and consist of quartzites in the lower part and. 
sandstone above. The four beds which come next in the section are limestones and 
dolomites and probably represent the Yule limestone. It is difficult to distinguish 

the Parting quartzite. ·Bed 72, representing 50 feet of blue limestone, and bed 68, 
representing 60 feet of bluish-black limestone, probably belong to the Leadvilh 

limestone. If this is so, the interval between beds 77 and 73, inclusive, though repre-
. senting a thickness of only 100 feet, must stand for the Yule limestone and Parting 

aU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 212-239. 
bU. S. Geol. Geog. Surv. Terr, , [Eighth] Ann. Rept., for 1874, 1876, p. 119. 
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quartzite combined. The thin, dark-colored limestones, interbedded with shales and 

sandstones, which overlie bed 68, apparently belong to the Weber shale, though pos­

sibly they should be referred to the Leadville limestone . . At all events, bed 38, with 

its well-marked Upper Carboniferous fauna, must be higher than the Leadville, and 

perhaps represents the upper limit of the -vVeber shale, for immediately above occur 

some coarse sandstones, pretty well interstrati:fied with limestones, it is true, which 

seem more characteristic of the Weber grits. Less than 2,000 feet of Weber grits 

then follow, after which there is a repetition of the basal portion of the section. 

Beds 11 to 19 are again the Potsd-am, as pointed out by Peale, and belong to the 

Sa watch quartzite. This formation seems here to have a thickness of . only 110 feet, 

while Peale points out that in Mosquito Gulch the thickness is 160 feet and in 

Buckskin Gulch over 200. The average thickness of the Potsdam group along this 

range he believes to be abont 150 feet and the remainder of ·the Silurian about 200 

feet. The rest of the section, consisting of about 230 feet, probably belongs in the 

Yule limestone, unless bed No. 2, consisting of 30 feet of blue limestone, belongs to 

the Leadville. 

In describing his observations made during the :field season of 18'75 Peale d~votes 
com;iderable space to comparisons and a summary,ain the course of which he gives a 

generalized section of the Carboniferous series. of the Park Range for comparison 

with that made out for the region of the Dolores River. This generalized section, 

which seems to be in large measure made up from the early sections, No. 9 and No . . 

18, I will quote as follows: 

Generalized section in the Park Range west of South Park on Fourmile Creek, district nj 1873. b (After Peale.) 

PERMIAN. 

Feet. 

Red, pink, and maroon-colored sandstones, gypsiferous and calcareous, "\vith limestones in thin 
beds. No fossils __________________________________________________________ . _ ~ _ _ _ 2, 000-2, 500 

COAL MEASURES. 

Conglomeritic sandstones, green and gray micaceous sandstones and shales, bluish limestones, and 

interlaminated sandstones . . Fossils, from below- Second layer: Productus nebraskensis, Pro­

ducttls prattenianus, Productus semireticulatus, Spirijer opimus, Pleurotomaria taggarti. · First 
layer: Productus, Spirifer, Trilobites ___ .. ___ ... ________ . ___ .. _ •...... _ ....... -.-_ .. ______ 2. 000 

SUBCARBONIFEROUS. 

Blue limestones and sandstone shales, limestones predominating; fossils are indistinct_- ___ --- 300-400 

Total _____ __________________________________ _________ _ . _______ ____ . ______ . . . . . 4, 300-4, 800 

aU. S. Geol. Geog. Surv. Terr., Ninth Ann. Rept., for 1875,1877, pp. 70-79. 
bSee s7ction No. 18, p. 229, report 1873. 

14364-No. 16--03-.-6 
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The most suitable standard sections with which to compare this of Peale's are 
those described in the Leadville monograph and in the Tenmile folio. There can be 
little doubt that in the Lower Carboniferous of Peale's section the Leadville lime-­
stone is included, and probably something more. He seems to have assigned to the 
Lower Carboniferous beds 40 t~ 72 of his detailed section No. 18. His Upper Car­
boniferous is probably the Weber grits of the Tenmile folio. The Weber shale of 
that folio I suspect to be equivalent to the upper part of his Lower and the lower 
part of his Upper Carboniferous. His Permian appears to correspond in the main 
to the Maroon formation of the folio, but it is possible that with it is included a 
part of the Wyoming sandstone, which in the main answers to his Triassic. This 
formation-i. e., the Permian-is in part described ;1s being pink and containing 
gypsum, characters rather suggestive of the beds which in o~her sections he calls 
Permian and Triassic, and also of the Wyoming sandstone; but . it is singular that 
none of the formations in either the Leadville monograph or the Tenmile folio is 
described as being gypsiferous, nor is this character mentioned in the original detailed 
sections from which the generalized one is supposed to be derived. 

J l!St as the lower part of I?eale's composite section for the Park Range is based 
mainly upon section No. 18 of 1873, the upper part is based upon section No. 9. In 
the latter all the higher beds up to 52 which he refers to the Triassic are" Permian." 
The Triassic, here 1,500 feet thick, probably represents the Wyoming formation, and 
the beds below, chiefly because of the abundance of limestone strata, would more 
naturally belong in the Maroon formation. If this is so, and if the upper part of · 
the composite section is based upon this, or, consistently, upon several detailed 
sections, then the ''Permian" of the general section would answer to the Maroon 
formation of the Tenmile folio without containing any of the Wyoming. Peale 
seeks to correlate the Permian beds of the Park Range with those in the Elk Moun­
tains for which the same designation is employed. To this there would be no objec­
tion, as both probably represent the upper portion of the Maroon form~tion without 
extending up into the Wyoming sandstone. He also, however, assigns both these 
groups to the Permian of the Eagle River section. This does not seem to me 
altogether probable, as I suspect that the upper portion of the Eagle River Permian 
belongs to the Wyoming sandstone. . 

The relation to that of the Dolores River region of this Park Range section is 
open to two interpretations. In the one case the Coal Measures and Permian of the 
latter represent the Coal Measm;es and lower portion of the Permian in the former. 
In the other case only the Coal Measures division of the Park Range beds represents 
the Coal Measures and lower Permian in the Dolores River region, the Permian of 
the former being wanting in the latter. The Park Range "Triassic;, would in any 

case answer to the upper part of his" Permian" combined with the lower part of his 
"Triassic" of the Dolores River section. 
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The so-called San Luis district which Endlich surveyed in 1873 a included the 

southern portion of the South Park region and the northern portion of the Sangre de 

Cristo region. As these outcrops are practically continuous, and as Endlich did not 
divide his discussion geographically, it will be less confusing in abstracting his 
report to pursue the same course. Therefore his account of the geology of that 

portion of the South Park region included in the San Luis district will be discussed 
in connection with the Sangre de Cristo reg·ion. The same is true of Stevenson's 

account of the geology of the South Park and Sangre de Cristo b regions, which, 
as it is brief and more general in character, less readily yields to consideration m 
different sections. 

SANGRE DE CRISTO REGION. 

Endlich's report upon the geology of the San Luis district is Jne of the most 
unsatisfactory with which I have had to deal. The omission in the majority of cases 

of the thickness of the beds whose succession he describes greatly enhances the 
uncertainties involved in a comparison of different sections, while his failure to indi­
cate upon the map many of the numbered stations with reference to which his obser 

vations are located is deserving of criticism. The presentation of his matter is 
obscure, so that with the defects already mentioned and other omissions and incon­

sist~ncies, it is a laborious task to effect a comprehension of what he has written. 
While some of the horizons of the Leadville 'and Crested Butte .::;ections can be rec­

ognized with reasonable certainty in those described by Endlich, there is evidence of 
considerable change in constitution from their occurrence to the north and west. 

There is also ground for suspicion that Endlich has in gome cases misinterpreted the 

mutual attitude of the beds and has possibly reversed their real succession. 
There being in the Sangre de Cristo region no detailed section of the Paleozoic 

rocks similar to those of the several monographic works dealing with central Colo­
rado, I have had to employ the latter as a basis of comparison in this region also. 

The area included in the San Luis district is "bordered on the north by a 

line running east to west 6 miles south of Pike's Peak, on the west by the one 

hundred and seventh meridian, on the south by a line running east to west 12 miles 

south of Saguache, and on the east by the eastern slope of the Front. Range." 
(Page 305.) Of the Carboniferous this area includes a strip along the Front Range 
(more correctly along the Colorado Range and the Wet Mountains) consisting chiefly 

of the series mapped as Triassic; of a somewhat branching body of outcrop, the 
northern portion of the Sangre de Cristo Range, the farthest extremity of which 
in the Park Range all but connects with the Carboniferous area reaching south from 

aU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 305-351. 
bU. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, 1875, pp. 307-501. 
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Leadville; and of two small outlying patches to the west. In the western part are 
two local Carboniferous areas, one of them, Fossil Ridge, being an outlier to the 
south of the Elk JVlountain area, and the other, called the Tomichi dome, a smaller 

and more isolated patch to the south of this. 
Referring, it would seem, in a general way to the stratigraphic series in his dis­

trict, rather than to any particular occurrence, Endlich says (page 308): "Resting 
immediately upon the granite, we find the Silurian characterized by but few fossils 

and the well-known quartzitic formation. At times the rock partakes more of the 

character of a limestone, but in that case segregations of siliceous matter, mostly in 
the shape of chalcedony and hornstone, afford a welcome l_ithologic 9haracter of 
distinction. Wherever the Silurian formation occurs in section a, it conformably 

underlies the Devonian and Carboniferous as far as could be ascertained." It would 
be natural to interpret the quartzite to which he refers as representing the Sawatch 

quartzite of the sections already discussed, his calcareous Silurian being the Yule 
limestone, which is also frequently characterized by cherty segregati9ns; but in some 

of his sections the calcareous beds are reported as underlying the siliceous ones, and 
the quartzite in these cases can not be the Sawatch but must represent the Parting 

formation. Endlich's expression would appear to indicate a belief on his part that 
the calcareous and siliceous beds are only different aspects of the same series of 

strata. There is some evidence, how;ever, that the Yule limestone rests in some 
cases immediately upon the granite, thus occupying a position sill}ilar to that of the 

Sawatch without, ofcourse, being in any sense its equivalent. 
While I believe that the Devonian is probably present _in this area, the evidence 

so far except in one instance is quite inconclusive, and the beds to which I make 

reference seem not to be those which Endlich had in mind, if, indeed, he entertained 
precise views upon the subject. That his uncertai.nty in one case wa~ considerable 

appears from the lines: "Whether any of the strata above the ones just spoken of 
should be referred to the Devonian, I am unable to say. The poorly preserved relics· 
of paleontological testimony that could be obtained were so few and unsatisfaetory 
that I am inclined to think the Devonian, if represented, is no formation of great 
extent, either vertically or horizontally." The same lack of evtdence and apparently 
the same uncertainty seem to have existed in other instances where the Devonian is 
cited. . 

The Carboniferous recognized by Endlich consists of three divisions; a lower and 
an upper limestone, and a heavy series of red sandstone inclnded between them. The 

lower limestone can probably be correlated with the Leadville limestone, or possibly 

the Leadville and Weber formations combined, and ~ expect that 'it will be foilnd to 
contain in addition to its Lower Carboniferous fauna, a Devonian one, similar to that 
of the Ouray limestone, just as is the case in the regions to the north and west of 
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this. Indeed, as the Devonian fauna of the Ouray limestone occurs very character­

istically at Salida, its presence throughout the South Park and S~ngre de Cristo· 

regions wherever the Leadville limestone is present may be inferred with probability. 
The red sandstone would s,eem to be the representative of the Maroon formation, 

while the equivalence of the upper limestone, unless it is a localization of limestone 
beds elsewhere Glistributed through the Maroon, is uncertain. a . 

The Red Beds generally called J uratrias in the Hayden reports are recognized 
by Endlich, but their occurrence· is apparently restricted. to the eastern side of the 

Front Range, wh~re they are accompanied by patchy outcrops of the Paleozoic series. 
The main body of the Paleozoic outcrop described by Endlich lies in the long 

and narrow strip brought up by the elevation of the South Park and Sangre de 
Cristo ranges. The portion considered by Endlich is from where Trout Creek 
divides the Mosquito Range on the north, nearly to Sangre de Cristo Pass on the 

south. His work, therefore, comes partly in the artificial area which has been called 
the South Park region, and partly in 'that whieh has been designated the Sangre de 
Cristo region. For the sake of continuity, however, both areas will be considered in 
the same P,ivision of this resume, and in .that portion of it devoted to the Sangre de. 

Cristo Range. 

Turning now to Endlich's report, it seems that his station 53, though I have 
been unable to identify it with certainty upon the map, is located at the extreme 

northern end of that portion of the South Park region included within the San Luis. 
district. A section running through station 53 is said to consist of the following 
elements. Resting upon the granite is a bluish quartzitic limestone in heavy beds,. 

hard and compact, containing numerous crinoidal fragments resembling H eterocrintts, 
and a few indeterminable specimens of Orthoceras. Then follows a thin layer of 
dark-gray slaty shales. These are succeeded by hard gray limestone containing in 

its upper portion a number of corals and Spongidre, above whieh follow thick beds 
of white, yellow, and pink quartzite, which turn higher up into a light-red sandstone. 

What is with little doubt the continuation of thi~. section is described on page 
311 of Endlich's report, and from this I condense as follows: ""Reclining upon the 
reddish Silurian sandstone and conformable with it is a thick stratum of yellowish 

an.d brown sandy shale, covered by light-yellow and gray shale. Upon these rests a 
limestone, grayish blue in color but weathering white, in which, apparently near the 

top, were found Orthis, Productus, and Orthoceras. Overlying the limestone are 
shales of gray and brown color, succeeded by others of a more sandy character, and 
these are brought to a close by a serie8 of heavy strata of dark-blue limestone capped 

by brown sandstone." 

a It perhaps represents the series of intermingled siliceous and calcareous beds called in the Leadville monograph 
Upper Coal Measures. 



86 CARBONIFEROUS FORMAXIONS AND FAUNAS OF COLORADO. 

Comparison of the series thus briefly characterized with other known sections 
in areas adjacent is hampered by lack of measurements of thickness which Endlich 

fails to supply, and by the meagerness of paleontologic data. Nevertheless, if this · 
series be closely compared with that of .the Leadville monograph, though the result 

shows considerable changes in lithology between Leadville and the southern end of 

the Park Range, yet certain horizons seem to be recognizable as probably equivalent 
in the two sections. In view of its lit4ology and position, the siliceous limestone at 
the base of the section can be taken as representing the Yule limestone, and with it 

would probably go the overlying limestone containing ·corals a-q.d sponges. The 
Cambrian Sawatc._h quartzite appears from Endlich's statements to be entirely lack­
ing. The light-colored limestone with Orthis and Productus is probably the Lead­
ville limestone (or its more or less close equivalent, the Ouray limestone). The · 
:quartzite between these two calcareous formations should, from its character and 
position, be the Parting quartzite. The light-red sandstone and the heavy shale series 

above it, however, seem to have no lithologic equivalent in the Leadville section. 
Perhaps they should, in conjunction with the quartzites, be taken as representing the 

Parting formation. The shales above the supposed equivalent of the Leadville 
limestone present some claims of similarity to the Weber shales, but the succeeding 
beds certainly do not at all resemble the Weber grits series as it is described by 

Emmons. It seems rather more probable that the massive blue limestone above, as 

well as the lower fossiliferous one, belong in the horizon of the Lead ville limestone, 
and. of course, , with it would be carried the intermediate series of shales. The dark 
sandstones with which the section closes certainly are more similar to the Weber 
grits than any of the beds below. 

Results not altogether satisfactory attend the comparison of this section with 

that described by the same author as occurring at Fossil Ridge in the Elk Mountain 
region. The series of Ordovician beds in the two sections are probably to be corre­
lated with each other and with the Yule limestone. ln the South Park region these 
consist of a blue quartzitic limestone with crinoids and Orthoce~as, overlain by a hard 

gray limestone containing corals and sponges, with a thin interstitial shale. At Fos­

sil Ridge this series comprises 320 feet of light-gray limestone, with quartzitic segre­
gations and sparse remains of crinoids. The two limestone series which I . correlate 
with the Leadville limestone are also probably equivalent. At Fossil Ridge these 
comprise 260 feet of light-gray and yellowiE?h limestones, interstratified with narrow 
bands of shale; 40 feet of light shale; and 20 feet of dark-blue limestone carrying 

upper Devonian or lower Mississippian fossils. The bed last mentioned can be 
assigned with great probability to the Leadville or Ouray limestone. A.bove it 

come 45 feet of light shale, 150 feet of light-blue . and yellow limestone, and 50 

feet of yellow, reddish, and whitish shales, which may belong with the Leadville 
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limestone or with the W eher limestone. In the other section th '3 Leadville seems 

to consist of a lower series of gray limestone, an upper one of dark-blue limestone, 
and an intermediate one of shales. A certain resemblance to this series will he 

oh;erved in the Fossil Ridge section, though the latter contains some overlying 
sh.ale and limestone which appear to he without equivalent in the other. 

Intermediate between the Yule and Leadville limestonesat Fossil Ridge occur 

80 feet of yellow and gray shale and 175 feet of variegated shale and limestone. The 

former especially seems to resemble in thickness and character the upper member of 
the original Yule limestone, which Spurr correlates with the Parting quartzite, but 

the other and heavier bed may possibly belong to the same series. In the South 
Park section Endlich describes a white, yellow, and pink quartzite and red sand­
Rtone as occurring just above the Yule, followed by yellow and brown shale and light.J 

yellow and gray shale. The quartzite is not represented in the Fossil Ridge section, 
but is suggestive of the original Pa~ting quartzite in character and position. The 

overlying shales have more the character of the Parting formation of the Elk 
Mountain region. The circumstances thus detailed suggest the possibility that the 

Parting beds, as identified at different localities, are of a dual character, consisting 

of quartzites below and variegated shales above, the shales alone being found in the 
Elk Mountain region, the quartzite alone at Leadvi1le, both shale and quartzite in 
Endlich't:l section, and neither shale nor quartzite at Red Cliff. At all events, this 
formation apparently varies considerably from point to point both in character and 

thickness. 

South of the point at which the preceding section occurs, according to Endlich, 
the Silurian retains its characters, the quartzitic limestone resting directly upon 
granite, and at a point designated by him as station 56 another section was taken 

across the same line of outcrop. 
This station I have been unable to locate exactly, but it appears to he situated 

southeast of station 53 and not far to the west of the more northerly transsection by 

Badger Creek of the Paleozoic outcrop. The stratigraphic succession at station 56 
consists of the following member~: Resting upon porphyritic granite are found a 
series of yellow to light-brown, hard quartzites, followed by :fine-grained white and 

· pink quartzites, and covered by shales that can be referred to the Carboniferous. 

Endlich suggests that the blue limestone which formed the base of the other section 

underlies the quartzites, although it was not found at this point. The continuation 
of this section also appears to he found upon page 311 of Endlich's report. "Over­

lying," he says, "the yellowish :;hales, interstratified with quartzites, which have 
been referred to the Upper Silurian, are a series of blue limestones, irregularly alter­
nating with gray shales containing Orthis and crinoids." On page 309 of his report, 
however, the yellowish shales are not referred to the Upper Silurian but to the Car-
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· boniferous, and no reference is made to their being interstratified with quartzites. 

The blue limestone and shales Endlich prefers to regard as · oldest Carboniferous 

rather than Devonian. "Bluish shales that have been eroded considerably follow, 
· forming the bottom of a narrow valley, and are covered in turn by a saccharoidal 

limestone rising steeply from them." Apparently following the limestone comes 
· "the red sandstone, which has not appeared for 4 or 5 miles along the line of 

Carboniferous outcrop," nor, it might be added, has it appeared specifically men­
tioned before in Endlich's description, though it is probably the sandstone casually 
referred to on page 310-311 and the same as his Arkansas sandstone. 

This section is so nearly a repetition of that made at station 53 that the correla­
tion of the constituent members is obvious. A conspicuous feature is the absence of 

the basal limestone, which, however, appears to be only local, as Endlich states (page 

310) that it reappears south of station 58 _and remains entirely or partially exposed 
southward to beyond the Arkansas. This circumstance conspires with several others 
to render it probable that the granite in this case is not the Archean granite, but an 

intrusive body. 
The Carboniferous formations are reported as following the Silurian to his 

station 58, at which point the sandstones, farther north of no great dimensions, are 

enormously developed, and the upper limestones iuake their appearance. Of the 
latter a spur branches off to the east and runs through a granitic country for a dis­
tance of about 7 miles, dipping northeast to east, and then comes to an end· without 

connecting again (page 310). 

This sandt::Jtone is said to be uniform in appearance and to be greatly developed, 
reaching a thickness of more than 5, 000 feet, and even exceeding this in section b 
south of the Arkansas. To this formation Endlich .gives_the name "Arkansas sand­
stone." Running parallel with the Arkansas sandstone was found an outcrop of gray 

· and bluish limestone already referred to, which, "for stratigraphical reasons, must 

be co~sidered as properly belonging above the Arkansas sandstone." In this lime­

stone were found Favosites .and a few other fossils. As the range of Favosites, so . 
far as known, does not extend above the lowe~· Mississippian, the ·presence of this 
genus in this limestone, if the generic identification can be relied on, seriously 
contradicts other statements bearing evidence as to the geologic age of this bed. 
In the Hayden atlas, moreover, this spur is represented as consisting of Lower 

Carboniferous and Middle Carboniferous sediments. As there can be but little 

doubt that the Lower Carboniferous of this map is Endlich's lower limestone, and 
that his Arkansas sandstone is the Upper Carboniferous, it seems clear that the best 
information at the time the map was constructed indicated that the limestones of the . 
spur were not a new series of limestones overlying the Arkansas sandstone, but a 
repetition of the series lying beneath it. 



• 
RESUME OF LITERATURE. 

The Paleozoies south of the Arkansas (sections b and c of Endlich's district) come 

in the area which I have d~fined for my purposes and named the Sangre de Cristo 

region. Here the Silurian is again found, though in small quantities, but the 
Carboniferous occupies Jarger areas. The latter consists chiefly of the Arkansas 

sandstone, which forms the main bulk of the Sangre de Uris to Range. The typical 
Arkansas sandstone is here found to be more or less interstratified with dark shales and 

isolated limestones, the combined thickness of which is said in one instance probably 
to exceed a mile. The lower limestone, determined by its petrographic character 

and position, also occurs south of the river, and accompanies the Arkansas sandstone 

for some miles. No fossils were found in it (pages 326,327). 
Farther west, along the southern end of the Arkansas Valley (in section c of 

Endlich's district), the Silurian is again reported. It consists of light-colored 

quartzites of yellowish, bluish, and reddish tints, which are conformably . overlain 
by gray to bluish limestone with siliceous segregations. Lithologically they are 

said to be identical with those found north of the Arkansas River. 

One can hardly doubt that in this instance the quartzite is the Sa watch quartzite, 
and that the limestone is the equivalent 'of a similar bed at Fossil Ridge, in the Elk 

Mountain region, of the basal lirpestone at station 53 in the South Park region, and 
of the Yule limestone of established sections. Endlich qalls attention to the resem­
blance which these strata bear to those north of the river, but in the latter area 

the quartzite is represented as lying upon instead of under the limestone, so that its 
position is not that of the Sawatch but of the Parting quartzite. The Sawatch, 

indeed, appears to be wanting, but I can not altogether banish the suspicion that the 
sequence is wrong in Endlich's sections north of the Arkansas. 

In the Hayden report for 1875 a is found Endlich's account of the geology of the 

so-called Southeastern district. He described the boundaries of this district in the 
following terms (page 105): "'The district assigned to our party during the field ;:,eason 

for 1875 extended from longitude 104° 30' west to longitude 108° west, was bordered 
on the south by north latitude 36° 45' and on the north by north latitude 37° 50'. On 
the west side it connected with the work of 1874, and on the north with that of 1873." 

The geologic discussion is distributed into five divisions based upon geographic 
occurrence. These are the Sangre de Cristo Range and the Huerfano region, the 
San Luis Valley, the southern extension of the Sa watch Range, the Rio San Juan and 
its drainage, and the Post-Cretaceous formations of the Trinidad region. Only one 

of these chapters, that upon the Sangre de Cristo Range, contains anything of 

importance i.n our discussion. 
Though present in the more northern portion of the Sangre de Cristo Range (see 

Endlich's report for 1873), the strata of Silurian and Mississippian age gradually 
- ·--,··-- --· --- - --·----- ----- ---------

aU. 3. Geol. Geog. Surv. Terr., Ninth Ann. Rcpt., for 1875, 1877, pp. 103-215. 
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disappear and are not found at all farther south, and the Arkansas sandstone gen­

erally rests directly upon the Archean. An exceptior;t to this statement seems to 
exist in the vicinity of Trinchera Peak, where a grayish-brown, compact shale, sanrly 

in part, and interbedded with limestone, was seen conformably underlying the red 
Carboniferous sandstone. The position and character of these strata make it 

probable that they represent the Weber formation, or else, as suggested by Endlich, 

the horizon of the Ouray and Leadville limestones. 
It was in the southern part of this area mapped by Endlich as "Lower Carbonif­

erous" that Lee made a section and collected fossils as hereinafter de~cribed. The 

fauna obtained by Lee not far above the contact with the Archean is unquestion­
ably of Pennsylvanian age, and is related to that of the Hermosa formation and 

of the Weber limestone and lower :Maroon formation. Unless still l.ower rocks 

occur in other parts of the are~, it is evident that the "Lower Carboniferous" 
color, so far as th~ "Lower Carboniferous" of the Hayden survey is understood 
to be equivalent to the Leadville limestone, is wrongly introduced in the vicinity 

of Trinchera Peak. 
The remainder of the Paleozoic consists of the Arkansas sandstone, whose out­

crop covers large areas on both sides of the Sangre de Cristo Range, extending as 
far south as Costillo Peak. This formation is made up chiefly of red sandstone, with . 

which are interstratified red shales and blue limestones. In the vicinity of Costillo 
Peak Endiich reports some whitish sandstones and a q uartzitic bed in association 

with the red sandstone (page 122). Although in his previous work the Arkansas 

sandstone had been placed in the Carboniferous, the fir~t paleontologic evidence was 
not obtained until 1875. Hayden a had, however, collected Carboniferous fossils in 
this range in 1869 and Ruffner in 1873. b Endlich cites Productus semireticulatus, 
Seminula subtilita, and Spirifer at one station, Calamites and Sigillaria at another, 
while a third furnished Productus, Orthis, Spirf;fer, and crinoids. The latter fauna 
suggests those which he obtained in 1873 from rock~:; of supposed Mississippian age, 

but otherwise are diagnostic only of the Carboniferous as a whole. The thickness 
of the Arkansas sandstone is here given as 2,000 feet, while farther · north it was 
reported by the same author as in one place not less than 5,000 feet. This great 

diminution in bulk, conjoined with the entire absence of. the series which Endlich 

aApparently the first adequate evidence as to the age of these beds was obtained by Hayden in 1869 (U.S. Geol 
Surv. Terr., Ann. Rept. for 1867, 1868, and 1869, 1873, p.175) , who observed n ear Sangre de Cristo Pass an extensive series of 
reddish sandstones, some of which contain impressions of Calamites, while from a bed of limestone, in a series of alter­
nating limestones and sandstones, were obtained several species of P.roductus, ''Spirijer sttbtilita, Rhynchonella rocA:ymontana, 
Spirijer lineatus, and numerous corals and crinoidal stems." The names of species in this list are singularly mangled , but 
it is evidently an Upper Carboniferous fauna tha t is presented. These were found near the junction of the sedimentaries 
with the (Archean ?) granite. 

In his paleontologic report the year following Meek lists (U. S. Geol. Survey Wyoming, etc., Preliminary Rept. 
[Fourth -Arm. Rept.], 1871, p. 295) Productus punctatus, P.rod1tctns semireticulatns, and Seminula subtilita from Sangre de 
Cristo Pass. ' 

b Ruffner's Rept Recon. Ute Country, 43d Cong., 1st sess., House Ex. Doc. No. 193, p. 61. 

.. 
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in 1873 disti guished by the name of Upper Carboniferous (if, indeed, the beds so 

designated really occupied the position ascribed to them), would indicate that the 

southern po1tion of the Sangre de Cristo Range had been the scene of severe post­

Carboniferous erosion, though doubtless to the unconformity which preceded the 

deposition o~ the Arkansas sandstone may be ascribed an important share in the 
influences th~t produced this difference in bulk. · 

. Endlich /reports no Triassi~ in the Southeastern district, except at the southern 

end of the 'T et Mountains. To these exposures I shall refer in connection with the 
Front Range region. 

In 187 4 f as published Ruffner's report upon a reconnaissance in the Ute country a 

made the y~ar previous. The map accompanying the report co-vers an extemd-ve 

territory, e~tending from the thirty -seventh parallel on the south to north latitude 

39° 30', an~/ from 105° 30' west longitude on the east to 108° on the west. The 
primary object of the expedition was not geologic, but two geologists in the persons · 

of F. and L J Hawn accompanied it, and their accounts form Appendix B (pp. 59 to 

. 88) of the Jeneral report. The identification of the different outcrops described 

with the reJognized Paleozoic formations or Colorado is in many cases difficult or 

impossible i ecause of the brief mention made of them, but in se-veral instances 

the citation bf Carboniferous faunas removes all doubt with reference to formations 

of tbat perjod. The geologic observations so far as they coneern this resume fall 

into the Sa1 Juan, Elk, Sangre de Cristo, and Front ranges. These aceounts add 
little to the subject, on account of the more detailed <;haraeter of subsequent work 

in the sam areas, and the interest which attaches to them is largely historical. 

In the earliJ r portion of the work, which is dev-oted to a general description of the 

route, not infrequent reference is made to the oecurrence, . charaeter, and e-ven thick­

ness of the ]rocks observed, but with these I ha-ve not concerned myself, dealing 
only with tlle descriptions in the geologic reports. 

In the !sangre de Cristo Range the chief line of observation was the road 
between Pueblo and Fort Garland by the way of Sangre de Cristo Pass. Mention 

is made of the Carboniferous limestones and brown. sandstones (p. 61) of Sangre de 

Cristo Pass, and from the former are eited Oyathophyllum sp., Productus equicostatus, 
Productus femireticulatus, . Productus cora, Spirifer cameratus, Spin'j'erina ken­
tttckyensis, and Seminula subtilita. This is one of the earliest accounts b that I 

ha-ve found 

1

1of this occurrence of fossiliferous strata, though authors have several 

times made subsequent mention of it. 
Carbon~ferous rocks appear to have been found also at the extreme northern 

end of the ange, and it is possible to reeognize as the Lead-ville limestone a bed 

aU. S. War :J;>ept., Rept. Reconnaissance Ute Country in 1873, by Ruffner, Washington, 1874, pp. 1-101. 
b Hayden found these fossiliferous beds as early as 1869 (see U.S. Geol. Survey Terr., Ann. Rept. for 1867, 186~, and 

1869, 1873, p. 175). The fossiliferous Carboniferous beds of the Sangre de Cristo Range are also mentioned by Cope (p. 64, 
Ann. Rept. Whe ·ler Survey for 1875), but in a very cursory manner. 
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which is described a as a gray, cherty limestone containing small fragments of 

Oyatlwphyllum. This is succeeded by hard, ferruginous gray and blue sandstone, 
which in all probability belongs in Endlich's Arkansas sandstone. The point at 

which this observation was made is on the Arkansas River ~hove its pass through 
the Sangre de Cristo Range and somewhat above the mouth of the Little Arkansas. 

This place can not be far from the locality, near Salida, at which were found the 

fossils in our collections representing the Devonian and Mississippian phases of the 
Leadville limestone. 

As a portion of the extensive area embraced in Stevenson's report in Volume 

III of the Whee~er survey, the geology of the highlands on the west side of South 
Park, more or less directly connecting southward with the Sangre de Cristo Range, 
is briefly described. b What he says about the former should properly be considered 

in the section of this discussion devoted to the South Park region, but I believe that 
its relations will be easier appreciated in connection with the beds belonging to the 
Sangre de Cristo division. 

To the Silurian Stevenson refers ''all strata underlying the Carboniferous lime­

stone;" (page 357) and, thus defined, it is exposed in numerous outcrops along the area 
mentioned. In his section of the Silurian made on Bald Peak in the canyon of 

Fourmile Creek (page 357), the five lowest beds (6 to 10) can safely be referred to the 
Sa watch quartzite. They consist of sandstones, and have a combined thickness of 16.2 

feet. The40-foot limesto~e represented as bed 5 is probablythe Yule limestone, though 
it appears to be here of only half the usual thickness. The 170 feet of sandstone 
overlying can hardly be anything but the Parting quartzite, and possibly with it 

should be included the 20 feet of limestone of bed 1. The Sawa0h quartzite is 
reported at numerous . sc~ttered localities. Its color varies from white to dark blue, 
and it ranges in thickness up to 200 feet. In the canyon of the -Arkansas a very 
different section of these beds is given. I quote as follows (page :359): 

Sect·ion in canyon of Arkansas River. 

Feet. 

1. Sandstone, partially altered, with layers of quartzite; somewhat argillaceous; weathers to 
ochery color; contains many large fragments of jasper _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 75 

2. Clay, calcareous, indurated, reddish, weathers into mud ________________________ .. ___ ~ ____ 20 

3. Limestone, siliceous above, more argillaceous below, with thin layers of comparatively pure 
bluish limestone ______ . __________ .. _______ .. ____ . ________ . ~ _. _ .... ______ . ___ . __ . _ _ _ _ _ 27 

4. Limestone, varying from dove color to black; several . argillaceous layers; near the top vast 

numbers of crinoidal stems, with many sections of cyathophylloid corals and Brachiopoda. 

As these are not silicified they can not be separated. Near the base is a thin, argillaceous 

layer which contains many compressed individuals of Rhynchospira sp. and occasionally a 
bryozoan. From this layer was obtained also a fragment of a large trilobite. __ . ______ .... 35 

a l:{uffner., op. cit., p . 80. bU. S. Geog. Geol. Surv. W. lOOth Mer., Rept.,' vol. 3, 1875, pp. 307-501. 
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Feet. 

5. Limestone, mostly quite siliceous and compact; varies from dove color to black; layers of 

the latter c+ o; very fetid when struck; weathers in lines and disintegrates readily; almost 

entirely nonfossiliferous, but near the top saw a few crinoidal plates and some very indis-
tinct bryoz~ans ... _ ....... _________ ________ . _____ ~ ___ -.- _____ ...... _ ...... ___ .. -·- . . . _ _ 50 

6. Sandstone, grayish blue in color, fine grained, and entirely converted into quartzite. Below 

this we find an exceedingly dark, hornblendic gneiss. 

· The sandt tone at the base (No. 6) presumably represents the Saw~tch quartzite. 
Stevenson states that the limestones, Nos. 3, 4, and 5, are certainly the equivalent of 

No. 5 of the ~ald Peak section, but the dark color of the limestone, together with 
the character of the meager fauna cited, might suggest that these do not belong to 
the Yule but to the Leadville limestone, which is known to be present in this region 

(e. g., at Sali<ia). In the former case the sandstone and clay (1 and 2) would prob­
ably be the P~rting quartzite; in the latter they would be the earliest beds of the 

Upper Carbohiferou~. The Arkansas Canyon is the most southern point along the 
range at whi1h Silurian beds are cited by Stevenson. . 

Carboniferous strata' appear to be exposed almost continuously along the line of 

the South Pai.k and Sangre de Cristo ranges, and are mentioned at numerous locali­

ties from Quf ndary Peak to the divide between V\r et Mountain Valley and Huerfano 
Park. The series seems to be twofold, consisting of limestones below and sandstones 

I • 

above. The rower member is a dark limestone of undesignated thickness, and it is 

u~ually referl ed to by Stevenson simply as'" the limestone." Near the Ark~nsas Can­
yon the uppe j' member is described as an enol'mous mass of reddish and gray sand­
stones and shales, not less than 2,500 feet thick, which forms the canyon's walls to 

I 

its mouth at f.leasant Valley (page 371). At the nortnern end of the range, in the 

Leadville regjion, it is spoken of as "an enormous mass of red and gray sandstones, 
more or les~ finely conglomerate, capping the mountains on the main divide, and 

including sevbral of these thin limestones, two of which are seen in Hamilton Pass." 

(Page 374.) ]Near its base the upper series is gypsiferous. "In Sangre de Cristo 
Pass the sand

1

stones are finely exposed, and at one locality the limestone is seen with 
many imperfect fossils, of which Prod?IctrttS semireticulatrtts is most abundant." 

(Page 371.) I 
The limestone member of the Carboniferous is evidently the Leadville lime­

stone, while ~.he sandstone member represents wholly or in part the weber shale, 

Weber gritsr and Upper Coal Measures, or the Weber and Maroon formations of 
Emmons's work, and the Arkansas sandstone of Endlich's. In the north, because of 

the presencd of interbedded limestones, and because both the divisions of the 
Upper Carbbniferous which Emmons in the Tenmile folio distinguished a~ the 

Weber and ~aroon formations, are known to be present, Stevenson probably saw 
nearly the whole series. Farther south, however, at Arkansas Canyon, he allows a 

I . 
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thickness of but 2,500 feet and does not mention interbedded limestones. In both 
particulars this agrees especially with the Weber grits formation alone. Still 
farther south, on the other hand, fossiliferous limeststones are present, as we have 
just seen. Trustworthy and detailed information about the whole . range south of 
the Leadville region is, unfortunately, sadly lacking, but I judge that the Upper 
Carboniferous sandstones and conglomerates, represented southward by the Arkan-

1 

sas sandstone, are thinner in the southern part, and suspect that this will prove to 
be due to erosion of the upper surface by one or several combined of the erosion 
periods that appear to have succeeded the deposition of the Maroon · sediments. 
Stevenson found no Triassic in this region, and, in fact, the bright Red Beds appear 
to be in large measure wanting. They are, however, found in the .Tenmile region, 
and their apparent absence farther south is possibly owing to the same cause by 
which the thickness of the Maroon sediments appears to have been seriously dimin­
ished. a Wherever any representation of the Wyoming formation occurs in the area 
examined by" Stevenson it was evidently included by him in the Carboniferous. 

In the supplement to volume 3 of the reports of the. Wheeler survey b Steven­
son described the geology of. an extensive territory in New Mexico and southern 

· Colorado. It probably included in the latter State all the mountainous portion 
south of north latitude 37° 20'. Two Carboniferous areas are described, one of 
which is situated entirely in Colorado and the other entirely in New Mexico. The 
Colorado area, which is described in less detail than the other, occurs ·on the east­
ern slopes of the chain of mountains called in the· Hayden atlas the Sangre d'e 
Cristo Range, and extends from Spanish Peaks to Costillo Peak. The Carbonifer­
ous beds rest upon the Archean. The base of the series is a conglomerate sand~tone 
not far from 800 feet thick which contains sonie beds of fine-grained red sand­
stone and red shale. Above this comes in the lowest limestone, which is 7 feet 
thick, blue, slaty, hard, and somewhat fossiliferous. Next occurs an interval of 
700 feet filled with red shale and sandstone. This is succeeded by a blue, very 
compact limestone, of which 20 feet are exposed, · showing some · calc~ par but no 
fossils. Above the limestone occur 300 feet of red sandstone and reddish shale. 
Next follows another limestone which is gray, not very hard, richly fossiliferous, 
and not far from 100 feet thick. Above the limestone are about 1,800 feet of 
reddish, thin-bedded, fine-grained sandstones, holding beds of · red shales. The 
rocks thus far mentioned, which have a total thickness of 3, 727 feet, seem to 

a! have suggested the probability of an extensive time break and period of erosion between the brick-red or 
"Triassic" Red Beds and the Maroon formation . To this the reduction in the thickness of the upper Maroon from 2,500 
feet in the Crested Butte quadrangle to 300 feet in the San Juan region (Rico formation) has been ascribed. Possibly the 
same influence was felt to the east and the Maroon reduced before the deposition of the "Tri11ssic," which has been 
itself removed. The great thickness of the Maroon (Arkansas sandstone) farther south in the Sangre de Cristo would 
rather seem to indicate that the thinness of these beds in the region of the Arkansas was a local matter and probably the 
·result of comparatively recent causes. 

bU. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 3, Suppl., 1881. 
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constitute lower series and are overlain by an upper one of reddish-brown 
conglomerate sandstone not far from 2,500 feet thick. Large fragments of granite, 
gneiss, andl quartzite prevail, but with them are some of sandstone and limeetone. 
''This par~ of the section bears close resemblance to the upper division of the 
Carboniferous series seen on the Eagle River of central Colorado." No Triassic 
was found lin this area, the Carboniferous underlying the Dakota throughout. 

It rna~ be added that neither has the "Triassic" series or "Red Beds" been 
reported by any of the geologi8ts who have written of the Sangre de Cristo region, 
nor is it re~re8ented upon the Hayden maps. Its absence in this area is in agree-

1 

ment with l'ts absence over the southern part of the .S. outh Park region, the southern 
part of the Elk Mountain region, and the southern part of the Front Range region, 

where the ~, ,Red Beds" apparently belong in the Fountain and not in the Wyoming 
formation. At the same time HillR remarks that a small thickness of brick-red 
sandstone ~ccurs in the Sangre de Cristo Range above the Arkansas sandstone and 
in the Wal~enburg quadrangle above the Badito formation. Yet, though the posi­
tion and relor of this bed rather suggests the "Tria8sic," it can probably be 
provisionally regarded as part of the Arkansas sandstone. · 

No fo~sils are cited from the Carboniferous, so that conclusive evidence is 

lacking as fo the presence or absence of the Mississippian limestone in this section. 
The Hayd~n atlas, it is true, represents an area of Lower Carboniferous at and about 
Trinchera Peak, and this division frequently contains beds of Mississippian age, but I 
am disposeh to think that the 1\tiississippian is really wanting, if not at the Trinchera 
Peak localfy, at least from Stevenson's section, first, because there is nothing in it 
comparablj to the massive and persistent Leadville limestone, unless it be the highest 
limestone 9f the section, and, second, because the limestones of Sangre de Cristo Pass, 

which are ~robably the equivalents of those in Steven. son's section, appear from their 
fossils to bf Upper Carboniferous. It would thus appear probable that the whole of 
the Carbo, iferous section is of Pennsylvanian agea and to be compared with the 
Maroon conglomerate of the Crested Butte section and with the Weber grit and 
Upper CoJl Measures of the Leadville section. The two divisions of Stevenson's 
section arJ indeed comparable to the two divbions of . the original Maroon. The 
resemblande in both lithology and thickness in the case of the upper divisions is 

I 

rather striting. The lower one in Stevenson's section, however, though not unlike 
the other l"thologically, is much thicker. But with indications. of an unconformity at 
the base of the Maroon, and a possible time break between its two divisions, disparity 
in the thic ness of the lower portion in different areas would not be surprising. 

a This ap ears to be certainly the case in Lee' s section west of Trinidad, but it is possible that here, as along the 
Front Range, he Mississippian limestone and earlier Palezoic formations may underlie the Arkansas sandstone in 
disconnected p tches: 
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Very recently W. T. Lee a published a detailed section taken at the crest of the 

Sangre de Cristo Range directly west of Trinidad, Colo., between the sources of 
the Middle· Fork and the North Fork of the Purgatory River. This point is near 

Culebra Peak, not far from the southern border of the State. Lee's section comprises 
about 400 feet of strata immediately ·overlying the Archean granite. Lithologically 

the series consists of coarse grits, conglomerate, and sandstones, with some shales and 

a number of thin limestones. Upper Carboniferous fossils were found in abundance 
about 150 feet above the base, and an extensive faqna is cited. Lee calls attention to 
the fact that Endlich had m~pped Lower Carboniferous rocks at · this point. Every 

test shows the inaccuracy of Endlich's work; but Stevenson, as long ago as 1881, 
described the section in such a manner as to leave no reasonable doubt that the Lower 
Carboniferous was generally absent from the Sangre de Cristo Range, at least from 

Spanish Peaks southward to Costillo Peak. The whole series is referred by him to 
the Carboniferous, apparently on paleontologic mridence, though no identified spe­

cies are cited. Upper Carboniferous fossils had long been known from this series, 
however, having been obtained chiefly from the vicinity of the Sangre de Cristo Pa~s. 

The horizon of the earlier collections with relation to the granite was never, I believe, 
ascertained. The fauna cited by Lee is much more abundal}t than had 'ever been 

previously known from these rocks, and the stratigraphic position is far lower than 
any fossiliferous horizon mentioned by Stevenson. The combined evidence, both 
stratigraphic and paleontologic, tends to confirm Stevenson's early reference of the 
entire series to the Upper Carboniferous. The Lower Carboniferous and 'earlier 

Paleozoics must be either entirely missing or represented by local fragments, for I 

little doubt that they once extended over this region. Geologically the beds described 
by Lee doubtless belong at the base of Stevenson's lower series, which I am disposed 
to correlate with the lower portion of the Maroon formation. 

The collections made at this point have recently come into my hands, though too 

late to be incorporated into the paleontologic discussion. The fauna, while not 
without individuality, is distinctly related to that of the Hermosa formation and of 
the Weber limestone and lower Maroon series, and quite distinct from that of the 
Rico formation. 

In 1898 E. C. and P. H. Van Diest published a note on the geology of the 
western slope of the 'Sangre de Cristo Range in Costillo County. b The area of 
observation was along. the Rito Seco, northeast of the town of San Luis. In this 

area Endlich had indicated (Hayden atlas) extensive areas of Upper Carboniferous. 
~pparently this series does not occur there, but instead Archean, Cam brian, and 
Silurian strata were found. The Sawatch here consists of white saccharoidal 

quartzites, with a thin basal conglomerate. These are succeeded by a thin bed of 

aJour. Geol., vol. 10, 1902, pp. 393-396. bColorado Sci. Soc., Proc., vol. 5, 1898, pp. 76-80. 

I 
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argillaceous shale, "and the whole section is topped by layers of light-gray siliceous 

limestones ~or about 200 feet, where a quartzy parting separates them from others 

of somewhaf dar.ker color."a Though no .fossils were ~ou~d in these beds, their 
occurrence ~nd hthology, as the authors pomt out, make 1t highly probable that the 

quartzite is the Cambrian and the limestone the Ordovician of the Paleozoic sections 

of central 1olorado. Except that the wording seems to indicate an insignificant 

thickness.fof the siliceous bed above the lig-ht-colored limestone, one might see in it 
and in the dlrker limestone above, representatives of the Parting quartzite and the 

Leadville lilestone. Neither Endlich n~r Stevenson, nor, so far as I have ascertained, 
any other geologist, found the older Paleozoics in the Sangre de Cristo Range, 
except in itsl northern part, while Lee's section seems to afford positive evidence that 
they are in laces actually absent. 

FRONT RANGE REGION. 

The ch racter and correlation of the Paleozoics of the East as they reappear along 
the front of the Rocky Mountains after their long sequestration beneath the plains 

under deposits <;:>f later geologic ages is a subject qf peculiar interest. In Colorado 

Paleozoic elposures (except fo. r the Red . Beds) are neither numerous nor extensive 
along the F ont Range, and circumstances have combined to make their correlations, 

both with different outcrops of the same series and with the typical sections of the 

East, often I matter of difficulty. 
The Pi,es Peak quadrang-le, which lies just west of Colorado Springs, contains 

part of one ff the few areas of recognized Carboniferous in thi~ region. Although 
much literalue upon the geology of the Front Range had appeared before the Pikes 

Peak foliob [as published~ inasmuch as I shall use the nomenclature and definitions 
adopted in i for the different formations, it .seems best to employ the logical rather 

than the his orical order in this discussion. 

The Pi}es Peak quoidrangle, therefore, includes portions of two more or less 

distinct Pal, ozoic areas, and as they seem to have passed through somewhat differ­

ent geolog-iq histories, or at least to show differences of note in the histories pre­

served to ust. it will be more intelligible . to consider the sequence in each separately. 
In the southern part is an area which extends southward and eastward beyond the 

limits of the lq uadrangle and reaches the well-known locality of Canyon. In the north 
is a somew,at smaller area, the southern extremity of the isolated Manitou Park 

Paleozoic tric.t. The basal formatio.n in. both areas resting upon granite and gneiss 
is called the Manitou limestone. A small thickness of quartzite and cherty limestone 

at the base i probably Cambrian, but the main body of the formation is Ordovician. 
"'In Garden Park it consists of fine-grained pink or reddish dolomite less than 100 

a Colorado sri. Soc., Proc., vol. 5, p . 78. 

1436 No. 16--03----7 

bU. S. Geol. Surv., Geologic Atlas U. S., folio 7, Pikes Peak, 1894. 
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feet thick, and contains Opldleta, Oama~rella, and a few other invertebrate fossils 
characteristic of the Lower Silurian formation in the section at Manitou Springs and 
at :Manitou Park, whence the name is derived." In the northern part of the quad­
ra-ngle this limestone is not dolomitic, and is connected directly with the typical 
locality at the north end of Manitou Park. In the southern part of the quadrangle 
the Manitou limestone is immediately overlain by the Harding sandstone, which is 
predominantly a fine-grained, · saccharoidal sandstone in alternating banks of light­
gray and pinkish or variegated colors, and sometimes calcareous at the base. The 
maximum thickness is about 100 feet. This horizon is characterized by numerous 
remains of fishes of types not elsewhere found below the Devonian, and it carries 
also a rich invertebrate fauna of Trenton age. '~The Harding sandstone is not found 
in Manitou Park, nor at lYianitou Spring-s, and has not been identified at any other 
locality." In Garden Park the Harding sandstone rests with apparent conformity 
upon the Manitou limestone, but evidence elsewhere indicates that before its deposi­
tion the Manitou limestone was subjected to a period of erosion. 

Succeeding the Harding sandstone with apparent conformity there occurs a 
bluis,h-gray or pinkish dolomite which has a thickness in Garden Park of about 100 
feet, but increases southward, and ne~r Canyon reaches a maximum of 270 feet. 
This is partly through the development of an upper and highly fossiliferous member 
not seen in Garden Park. The Fremont limestone in Garden Park is especially 
characterized by Halysites catenulat'us, and it also contains a large invertebrate fauna 
like that of the upper Trenton of New York. This limestone horizon has not been 
recognized in other sections of Paleozoic strata along the east base of the mounta:lns, 
nor has its equivalent been found in any other part of the West. Its present limita­
tion eastward from Garden Park, on the slopes of the range, is by erosion, which 
took place after the deposition of the Millsap limestone. 

The long period between the depositi~n of the Fremont .and the Millsap "seems to 
have beeri one of elevation and erosion, though there is seeming conformity between 
the two limestones in local exposures. Of the Millsap itself only remnants are found 
resting upon the Fremont limestone in Garden Park and along the western line 
towar_d Canyon. The formation is now represented by about 30 feet of thinly 

bedded, variegated, dolomitic limestone, with a few thin sandstone layers. Chert 
nodules in the upper part carry a limited fauna, elsewhere described. 

The Fountain formation includes a series of red sandstones, grits, and conglomer­
ates, a part of the so-called "Red Beds." The typical locality is in the northern part 

' of the quadrangle, but it seems to have essentially the same lithoJogic characters in 
Garden Park. The thickness is estimated at nearly 1,000 feet. The Fountain beds 
rest unconformably upon the edges of ·the en~ire Silurian section in Red Ridge, at 
the upper end of Garden· Park, and along· the southern end of the Colorado Range 
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they come in contact with the Harding sandstone. Beyond the eastern line of the 

quadrangle they are usually found to abut against granite or gneiss. 
The Fountain formation is succeeded by the Morrison formation, and the Morri­

son by the Dakota. "The Morrison strata rest with apparent conformity upon the 

Fountain grits in the main foothill section, but in Twelvemile Park and in the higher 
plateau region to the north they lie directly upon granite. There is thus a great 
stratigraphie break between the Morrison and the Fountain formations. An exten­

sive vertebrate fauna found in the Morrison formation shows that its age is post­
Paleozoic." a 

The Paleozoic Aeries, then; in the southern part of the Pikes Peak quadrangle 
has at its base a slight development of Cambrian sediments, too thin to be mapped, 

upon which rest in succession the :Manitou limeston~, Harding sandstone, Fremont 
limestone, Millsap limestone, and Fountain formation. The Manitou, Harding, 
and Fremont formations represent Ordovician time, the lVlillsap and Fountain, Car­

boniferous. The age of the Fountain formation is determined only by analogy; that 
of the other formations rests upon paleontologic evidence. Unconformities occur 
between the Manitou limestone and the Harding sandstone, between the Fremont 

limestone and the Millsap limestone, and between the Millsap limestone and the 
Fountain formation, whil~ still a fourth and very important one is found between 

the Fountain formation and the overlying l\1esozoic. 
The section in the northern, or Manitou Park, Paleozoic area is similar to that 

in the southern one, except that the Harding san<;lstone, the Fremont limestone, and 
the Millsap limestone are lacking in it. 

In connection with the field work leading up to the Leadville monograph, Whit­

man Cross made a visit to the exposures in Manitou Park, on the eastern side of the 
Front Range. b 

"'Although only 50 to 75 miles distant from the Mosquito Range exposures, the 
beds were found to vary so much in lithological composition that it was impossible 
to obtain an exact correspondence of horizons. The purely siliceous beds at the base 
are much thinner than in the Mosquito Range, the great~st thickness found being 
50 feet. They are succeeded by calcareous sandstones and shales of variegated colors, 
red prevailing, which pass up into white or drab limestones, sometimes containing 
chert secretions and alternating with shaly beds, with an aggregate thickness of 
about 200 feet. These beds may be considered as the equivalents of the Lower 
quartzite and White limestone of the l\1osquito Range." 

From the east b:;tnk of Trout Creek (Bergens C~·eek on· the Hayden map), 2 miles 
below the hotel, Mr. Cross obtained fossils which have been identified by Mr. C. D .. 

\Valcott, as follows: 
From reddish-brown sandstone, 45 feet above the Archean. 

a Much of the preceding digest is sta ted in the words of the original. 
bU. S. Geol. Surv., Mon., vol. 12, 1886, p. 62. 



100 CARBONIFEROUS FORMATIONS .AND FAUNAS OF OOLOR . .ADO. 

Lingulepis sp. ~ An elongate form allied to L. pinnmformis of the Potsdam . 

sandstone of Wisconsin. 

From red calcareous. sandstones, alternating with white limestone, 105 to 122 feet 

above the Archean. 

Glytocistites (?). Single plates. 

Lingula sp. undet.; probably new. 

Orthis desmopleura Meek. 

Metopton'la new sp. 

Cyrtolites. 
Orthoceras sp. undet.; probably new. 

Bathyurus simillimus Walcott (? )'. · 

These formations probably represent the Cambrian beds and Manito~ limestone 

of the Pikes Peak folio. 

For the same reason that the discussion of the geology of the Front Hange area 

was introduced with the . Pikes Peak folio, T will prefer the consideration of the 

Denver Basin monograph to accounts whi~h preceqed it in point of time. 

In 1896 appeared Monograph XVII of the United States Geological Survey, by 

Emmons, Cross, and Eldridge, describing the geology of the · Denver Basin. The 

map of areal geology shows what may be taken as the limits of this area. It is 

bounded on the south by parallel 39° 30', its northern boundary being 3 or 4 miles 

north of the fortieth parallel. Its eastern boundary is about an equal distance east 

of longitude 104° 40', and its western, the edge of the Archean mass of the Rocky 

Mountains, or approximately meridian 105° 20' west. The oldest sedimentaries 

recognized are the Rocky Mountain Red Beds, which are described as the Wyoming 

formation. This · consists of briiliant red conglomerates, sandstones; and shales, 

'vith . thin limestones and gypsum in the upper. part. The thickness exposed in the 

Denver Basin varies from 500 to 3,000 feet, but is generally somewhat under 1,500 

feet. The variation, which relates chiefly to the lower beds, is accounted for as 

being due to the unevenness of the ancient floor upon which the formations were 

laid down. 

"The formation is separable about midway into a lower division of soft, friable 
conglomerates and coarse sandstones with fine shale, and an upper one of shales, with 
some prominent 8andstone bands, narrow beds of limestone, and small local deposits 
of gypsum." (Page 52.) 

The lower 'V\T yoming has below a mass, chiefly red sandstone and conglomerate, . 

with a normal thickness of 1,200 feet, while the upper portion consists of the 

" creamy sandstone" 200 t? 400 feet thick. The upper Wyoming contains in its 

lower half bright brick-red arenaeeous shales and sandstone, with important inter­

calations of limestone. The strata above the limestone become more and . more 

arenaceous, though still retaining in large degree their shaly nature. 

"At 150 or 200 feet below the top of the Trias· the strata become more clayey 
and take on a variety of irregularly distributed bright colors-gray, yellow, green, 
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pink, and lilac. In this zone gypsum and brown earthy limestone are common." 
(Page 36.) 

The Wyoming formation is succeeded by the Morrison, consisting essentially of 

fr~sh-water marls, and having an average thickness of about 300 feet. Its upper 
limit is sharply defined by the Dakota sandstone. Its Mesozoic age is po.sitively 
determined by its contained saurian remains, and it is referred to the Jurassic. The 

age of the Wyoming formation is assigned, on some":: hat indirect and conflicting 
evidence, to the Triassic. 

The Wyoming formation is thought to overlie the Fountain formation described 
in the publication previously discussed, which is referred to the Carboniferous, and 

on this account a new name was given to the Wyoming beds. It is not improbable 
that the greatly varying thickness of the Wyoming formation in the Denver Basin 
may be due to the presence of local undifferentiated fragments of the Fountain series. 

The same suggestion is made by Emmons on page 19 of the monograph. 
In 1901 Darton a read a paper before the Geological Society of America entitled 

"Comparisons of Stratigraphy of the Black Hills with that of the Front Range of 

the Rocky Mountains." This paper was never publisheq·except in abstract, in which 
form it appeare<l in the bulletins of the society and in Science. Speaking of the fine 

sections at Morrison, west of Denver, he says: 

'"There was found an extension of the Purple (JYiinnekahta) limestone of the 
Black Hills, having precisely similar stratigraphic relations in the Red Beds and 
containing some of the same Permian fossils, although 'these are scarce and not well 
preserved. The limestone was traced south for a considerable distance, and found 
to merge into a sandy bed, which was finally lost in the great mass of coarse, red 
deposits in the vicinity of the Garden of the Gods. Its very distinct occuri·ence,at 
Morrison affords the means for a precise correlation with the Black Hills regjon. 
The underlying mass of coarse sandstones against the crystalline rocks represents 
portions, or perhaps all, of the Carboniferous formations of the Black Hills. The 
Red Beds overlying· this Minnekahta limestone at Morrison are gypsiferous shales, 
similar to those of the red valley encircling the Black Hills." 

The geologic position of the horizon containing Permian fossils mentioned ~y 
Darton is evidently in the vVyoming formation, and his characterization of the over­
lying beds as gypsiferous shales would indicate that it was in the upper division, from 

200 to 300 feet below the top. Darton's correlation once accepted, the Paleozoic 
age of nearly the whole of the Red Beds of this area would be demonstrated, the 

Triassic being absent altogether or represented by a few hundred feet below the 

Morrison beds. 
However, the character of the fossils upon which this correlation is based is 

not stated, so that it is impossible to pronounce upon the weight which should 

a Geol. Soc. America, Bull., vol. 12, 1901, pp. 478--479. 
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be given to it, and the fossils themselves can not be found. A small collection 
supposed to belong to the same horizon was obtained somewhat farther north, at 
Lyons, but it proves to be of little Vtllue in determining the questions at issue. It 

:would be impossible to form from it a well-founded opinion as to whether the age is 
'Mesozoic or Paleozoic. A minute ga.steropod, resembling Natica or JYctticopsis, was 
obtained, and some small pelecypods, suggesting by their shape several Paleozoic and 
Mesozoic gene.ra. While on one hand the gasteropod is probably distinct from Natica 
lelia, with which one would first compare it, it is at the same time at present unknown 
in the Minnekahta fauna. The pelecypod also appears not to occur there. Though 
it may be the same as some indeterminable forms from the Black Hills, I helieve, so 
far as the poor preservation justifies an opinion, that . it is distinct. Paleontologic 
evidence, therefore, j£ given any weight at all in this instance, seems to be somewhat 
adverse to this correlation, which, based upon little but lithology and stratigraphic 
occurrence, can not under existing conditions be given unreserved acceptance. 

Darton further says of the horizon from which he obtained fossils at Morrison 
that it was traced southward for some distance, until lost in the coarse sandstones of 
the Garden of the Gods. These sandstones, howeyer > are supposed to represent the 
Fountain formation, and to occu,r stratigraphically entirely below the Wyoming, or · 
to be equivalent to some of the lower beds included in it in certain sections. 

One of the earliest reports which relate to the geology of Colorado, and perhaps 
the earliest whose scope :;tnd method give it real scientific value, was Hayden's 
account of the geology and natural history of the Upper Missouri. a This is the first 
of a number of papers from the pen of the same author in which the geology of this 
portion of Colorado is discussed, but the later ones mark but little ad vance, so far as 
the Paleozoics are concerned, over this earliest contribution. The map which accom­
panies this report, and the report itself, extend sufficiently far west to include the 
northern half of the Front Range in Colorado and its extension into Wyom~ng, 
though the chief field of observation was' farther east. Hayden -maps a continuous 
strip of Lower Silurian, Carboniferous, Permian, and Red Beds strata (which are · 
here referred to the Jurassic) along the eastern flank of the Front Range from 
Laramie Peak southward to Pikes Peak. Of the existence of these series to the ' 
north and east Hayden had more or less satisfactory paleontologic evidence. Their 
identification along the Front Range was influenced by the idea that the sequence 
there was complete and unbroken, and was in most cases dependent upon similarity 
in lithologic characters or evidence still less appreciable. 

The Lower Silurian of the Front Range is apparently the red sandstone and 
limestone underlying the fossiliferous 'Carboniferous limestones. which play out just 
south of Colorado's northern line. King,b it will be remembered, later compared 

-------····-------------------------------
aAm. Phil. Soc .. Trans., vol. 12, n. s., 1863, pp. 1-219. 
bU. S. Geol. Expl. 40th Par., Rept., vol. 1, 1878, p. 129. 
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these strata with the "Primordial" of the Black Hills, and tried to correlate them. 

Hayden's Carboniferous, a series of calcareous, areno-calcareous, and arenaceous 

beds said to occur on both sides of the Rocky ~Iountain Divide, probably includes 

the fossiliferous strata already mentioned. His Permian color, I think, must have 

been introduced on general principles without, it may be, his having any definite 

beds in .mind. and certainly without any definite evidence of their Permian age. 

Regarding this same area, Hayden writes in 1868: a 

"At the head of Pole Creek on the eastern margin and in the Laramie Plains 
west, the Carboniferous rocks are mostly of a red arenaceous character, with a few 
layers 2 to 10 feet in thickness of whitish or yellowish limestone. From these 
limestones I collected Prod-ucttts prattenianus, Athyr/s sttbtilita, and other well­
known Carboniferous forms. Above these red beds which ·contain intercalated beds 
of limestone is a considerable thickness of purely red arenaceous beds, but in studying 
all these rocks with some care from · Pole Creek nearly to Pikes Peak, I could not 
separate the red beds from. the Carboniferous by any break in continuity, and I was 
rather inclined to the opinion that inasmuch as a large portion of the gypsiferous or 
variegated beds could be shown to be Carboniferous t-hey might possibly all be 
included in that period." 

In 1R69 Hayden b made an extended and apparently a hasty trip chiefly along 

the eastern edges of the Rocky Mountains from Cheyenne, Wyo., as far south as 

central New Mexico. His observations dPal in large measure with the eastern 

margin of the Front Range, but as they appear to be inaccurate in many particulars, and 

have been duplicated by the more detailed work of later geologists, I have made no 

serious attempt to compare or to harmonize them with known facts or present systems 

of classification. Hayden recognized the general absence of Paleozoic outcrops along 

the Front Range, and refers the Red Beds to the Triassic, with the reservation that 

they may in part be Jurassic. c But he is by no means consistent in maintaining this 

opinion, even in the course of the single paper under consideration, for, after citing 

a limestone with an undeniable Carboniferous fauna from the line of the "Cnion 

Pacific J;lailroad just north of Granite Canyon, ct he says that near Park station are 

some dull-purp1ish sandstones and pudding stones "which are probably of Carbon­

iferous age," e while to the same period he assigns a considerable thickness of lime­

stone observed on Boxelder Creek in association with red Triassic sandstones.! 

The .last two localities are in Colorado, but the first is in Wyoming. On the other 

hand, on page 126, the statement occurs: 

"I do not know of any portion of the West where there is so much variety 
displayed in the geolog}r as within a space of 10 miles square around Colorado City. 
Nearly all the elements of geolog cal study revealed in the Rocky Mountains are 

aA.m. Jour. Sci. 12), vol. 45, 1868, p. 324. 
bSee U. S. Geol. Geog. Surv. Terr. , First, Secontl , and Third Ann. Repts., 1873, Third Ann. Rept., pp. 103-251. 
c ibid. , p. 113. dlbid., p. 111 eibid., p. 118. !Ibid., p. 120. 
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shown on a unique scale in this locality. The same may be said, though in a less 
degree, of the valley of the Arkansas as it emerges from the mountains near Canon . 
City. I am inclined to believe that it is only in these localities that rocks older than 
the Triassi~ or Red Beds are shown along the eastern flanks of the mountains south 
of Cheyenne. 1 have looked in vain for a single exposure of well-defined _Paleozoic 
strata from Big Thompson to Colorado City, a distance of over 100 miles. I am 
now convinced . that in the North the Paleozoic rocks are often concealed .for long 
distances, although I have usually represented them by colors on a geological map 
by continuous bands along the mountains. That they exist continuously along the 
eastern margins in Colorado and New Mexico I can not doubt, but only at these 
specially favored localities do they appear from beneath the Triassic or Red Beds. 
Th~y are, however, far more frequently exposed _farther northward, and I think 
much more largely developed." a 

Yet a little beyond, on page 133, he mentions the Jurassic Red Beds and the 
Paleozoic. sandstone as occurring in Boulder Valley. 

The actual presence of the older Paleozoics at several points along the Front 
Range was recognized by Hayden, as is seen in the · passages above quoted. It is 
to one of these occurrences that be refers on page 144, without assigning any 
geologic age. On pages 145 and 148, however, he cites Carboniferous beds at 
Camp Cre~k Canyon and at Oil Creek. ·From the geographic position of these 
occurrences, and from the fact that practically all the Carboniferous along the Front 
Range, if Carboniferous at all, consists of Red Beds, which Hayden places in the 
Mesozoic, and from other associated circumstances, it is fairly certain that the rocks 
mentioned in all three instances are Ordovician. 

In 1868, b referring to the Red Beds of Coloradoand Wyoming, Hayden expresses 
the belie£ that their lower portion is of Carboniferous age, and that it .is quite possible 

that a portion is Triassic, while the yellow, gray, and rusty sands and sandstone 
above are Jurassic. This was a preliminarJ; statement prepared immediately after 
the field work which furnished the material for the report above q·uoted. 

In his annual report for 1874 Hayden c again takes occasion to describe the 
geology of the Front Range. "Up to this time," he says, "'we have determined 
the existence, in this belt in Colorado, of the Silurian, Carboni fergus, Triassic ( n, 
Jurassic, Cretaceous, and Tertiary groups; yet, while the more mQdern formations 
are very persistent throughout the entire distance fr:om the nol'th to the south line, 
some of the older beds are · wanting in many places." From Fort Laramie to 

· Colorado Springs, a distance of over 200 miles, no Silurian beds were recognized, 
with the possible exception of the variegated sandstones which lie next to the granite 
at Pleasant Park .. 

a Essentially the same view is expressed in different language on page 139. 
bAm. Phil. Soc., Proc., vol. 10, 1868, p. 474. 
cU. S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, pp.l9-58. 
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Hayden speaks in some detail of the sections at Colorado Springs and Canyon, 
· referring to the Silurian, at the latter, the sandstones at the base of the section, and 

600 to 800 feet of limestones (ying ~bove. The thickness in the latter case is 

probably erroneous, for in Peale's section at Glen Erie. there are only 300 feet of 
beds which are, with any probability, Silurian. Hayden compares the sandstone 
at the base,of the section at Canyon with "the Potsdam sandstone as seen in other 

localities farther 'to the north." But the ~:mudstone at Canyon is Ordovician in age, 
and not Cambrian. "This sandstone passes up ·into a hard and rather massive 
limestone, evidently the same as that noted at Colorado Springs." This correlation 

is a very natural one, but at the same time is probably incorrect, for the limestone 
at Can.yon, what part of it is not Carboniferous in age, is the Fremont limestone, of 

which Cross states that it has not been recognized in other sections along the east 
base 'of the mountains. 

Of the Carboniferous he speaks in a general way, touching chiefly upon its 
distribution. He says: 

''The Carboniferous group is a little more persistent, and yet this seems to be 
wanting over extended intervals unless a portion of what have been called the Red 
Beds is of this age. This group is extensively exposed along the flanks of the moun­
tains 100 to 150 miles north of Cheyenne, as was shown in the annual report of 1870. 
It seems, however, to diminish somewhat in force and to contain comparatively few 
fossils in its southern extension until we reach Canon City. From thence south­
ward into New Mexico it increases again in thickness and importance, and yields an 
abundant supply of its characteristic fossils." 

The Red Beds he refers to the Triassic, with some admitted uncertainty on 

account of the general lack of fossils. This group, he says, "is very persistent, 
and if absent at all, only at very short intervals." "Geographically, it is one of the 
most widely distributed formations in the vV est. From the northern boundary to 
the southern line and east of the vVasatch Range in Utah this red formation makes 

its appearance wherever a mountain range is elevated so as to expose the various 
sedimentary groups. The evidence indicates that it extends without any important 

interruption over the broad area as defined a hove." He states that this series varies 

In color from a pale, dull tint to a deep purple, in texture from a rather coarse con­
glomerate to a fine sandstone, and in . thickness from 400 feet to 2,000 feet. He 

remarks (page 43) that he formerly held the view that the elevation of the Front Range 
was a single event and comparatively modern, and that the changes in the position of 

all the groups were brought about by the same cause and at the same time. "There 
could not be a strict conformity in the sedimentary groups, inasmuch as entire groups 

are wanting, and in some cases only fragments of others are remaining." "'We 
now have the evidence, from the texture of these Red Beds and their position on the 
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underlying granitic rocks, that the F~ont Range, during the supposed Triassic period, 
formed a vast shore line, and that the sediments of the Red Beds w~re deposited upon 
the base against the sides of the granitic range." It seems probable, indeed, that 
this condition has been one of periodic occurrence, and that the Front Range repre­
sents a line of permanent weakness which has been repeatedly elevated, denuded, 
and submerged. 

Peale's district for 1873 a includes, besides other territory west of this, the 
Front Range f~om the South Platte to Colorado Springs. Important detailed 
sections were J?lade on the South Platte, through Pleasant Park, and at Glen Erie, 
and four others of almost equal interest were described from Trout Creek. The 
strata i:r: the Front Range sections are classed as Silurian, Carboniferous, Triassic, 
Jurassic-, and Cretaceous. 

The southern part of the Trout Creek or Manitou Park PaleozoiQ area is included 
m the northern part . of ~he Pikes Peak quadrangle, which in its southern portion 
embraces a larger area of the Paleozoics about Canyon. In the section given 
by Cross for that portion of the Manitou Park area jncluded in the Pikes Peak 
quadrangle, the Ordovician, as we have just seen, is represented only by the 
Manitou limestone, and the Carboniferous by the Fountain formation. The fou~ 
sections given by Peale deal only with the strata which underlie the Red Beds, or 
Fountain formation, which are mapped as Triassic, and therefore only with the 
Cambrian rocks and the :Manitou limestone~ The Mil1sap limestone apparently is 
entirely lacking, and the Hayden atlas shows no Carboniferous color in this area. 
The Cambrian is shown by Peale's sections to be considerably thicker ,here than 
in the Pikes Peak quadrangle. It consists of yellow, purplish, pink, and green 
sandstones, reaching a thickness in one case of 80 feet, from which Cambrian fossils 
( Obolus , and Lingulepis) were obtained. The Manitou limestone contains red, 
white, and pink limestones, attaining in one instance a thickness of 130 feet. A 
well-characterized Ordovician fauna was obtained from them. 

In the section made at Glen Erie, whose outcrops are all but connected with 
those of the 1\1anitou Park area, the best-characterized bed is that numbered 13~ which 

. "-
by reason of it.s fossils, its character, and its position clearly belongs to the Manitou 
limestone. With it can probably be associated the 26 feet of variegated calcareous 
beds next below, as indicated by Peale, while the sandstones forming the base of the 
whole section are probably Cambrian. Above bed 13 follows 279 feet of gray, . 
purplish, and yellowish limestone, unfo_ssiliferous and not otherwise differentiated. 
From the fact that there is no fossil evidence i,ndicating that any portion is of 
Carboniferous age, and that the Millsap limestone, so far as is known, is absent from 
the ~anitou Park area, this entire thickness may be regarded as belonging to the 

aU. S. Geol. Geog. Surv. Terr. , [Seventh] Ann. Rept., for 1873, 1874, pp. 193-273. 



RESUME OF LITERATURE. 107 

Manitou limestone. On the other hand. the horizon of the Millsap limestone is 
certainly present at PleaRant Park, and its occurrence in this region is too fickle to 

admit of a strong presumption based upon its presence or absence in neighboring 
areas. a The Trias belongs to the Fountain formation or to the Fountain and 
Wyoming combined, and the Jurassic has the characters of the :·Morrison formation. 

Considering next the section through Pleasant Park and comparing it with that 

of the Pikes Peak quadrangle, a convenient point of departure is found in bed 8, 
which, with but little doubt, belongs in the Mil!sap limestone. It is impossible at 
this distance and without further information . to reach a conclusion as to whether the 

beds below this horizon are all Carboniferous, as Peale has it, or in part earlier 

Paleozoic. The 80 feet of white sandstone at the base of the section. and the other 
sandstones above, in position and character are so like the Cambrian of the Glen 
Erie section as to suggest to my mind that perhaps they are equivalent beds. 
However, the fact that this correlation did not recommend itself to Peale, who was 

personally acquainted with the sections, is an impeachment of its correctness. b At 

all events in the fossiliferous, calcareous stratum (bed 8), and probably in the thin 
limestone just below, we are assured, all things considered, of a;n equivalent of the 
Millsap limestone and the presence of Lower Carboniferou:; sediments. The Triassic 

of the Pleasant Park section probably represents the Fountain formation in part and 
in part the Wyoming. The Jurassic corresponds to the J\!Iorrison formation, and 

the massive sandstone which overlies it, '.'No. 1 Cretaceous," as it is called, to the 
Dakota sandstone. .The thickness of the ~ed Beds is here about 1,500 feet. This is 
about the average thickness of the Wyon~ing formation, which was described from 
the area of the Denver Basin, near by. But the Fountain beds also are known not 

far off, _ in the northeast corner of the Pikes Peak quadrangle. Lee refers part of 
this series to the Carboniferous and correlates it with the Fountain formation, while 

the portion which he calh; "Trias," though not accepting this as its true geologic 
age, probably finds its equivalent in the vVyoming formation. 

Section No. 1 of Peale's report, which was taken on the south side of the South 

Platte River, comprises about 4,000 feet of strata referred to the Triassic, Jurassic, 
and Cretaceous. The Triassic, which here rests immediately upon the granite, 

consists of from 1,500 to 2,000 feet, chiefly of red and red and white sandstones~ and 
600 feet of white sandstones overlying them. The locality where this section was 
made is probably just included in the southwestern corner of the Denver Basin. 
There can be little doubt that the Dakota sandstone of the Denver monograph is 

a Mr. A. W. Grabau has recently informed me that he has collected a Carboniferous fauna from the upper portion 
of this limestone. It is not probable that this is an Upper Carboniferous limestone, and the conclusion seems safe that it 
represents the Millsap formation. Whether the entire thickness belongs to the Millsap or the lower part represents the 
Manitou limestone can not be ascertained. 

b Hayden, however, suggests the same thing, for he writes, remarking upon the Calciferous group- "It is possible 
that in Pleasant Park, about 50 miles south of Denver, there are traces of this formation in the variegated sandstones 
that lie next to the granites, as shown in the section. '' (Ann. Rept. for 1874, p. 41.) 
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the basal member of Peale's Cretaceous (bed 7). Beneath this, in Peale's section, is 
a space estimated at 600 feet, a portion of which only is equivalent to the Morrison 
formation, as the 'latter has an average thickness of but 200 feet. The remainder 
and major portion of Peale's ,Jurassic, and his Triassic, having a maximum aggregate 
thickness of 3,100 feet, must be included in the Wyoming formation. The heavy 
bed of white sandstone (No. 14) forming the top of Peale's Triassic is probably the. 
"creamy sandstone" which constitutes the upper member of the lower Wyoming. 
The Wyoming formation is referred to the Trias in the Denver Basin monograph, 
but, as already pointed out, in view of the great variation in thickness of the lower 
member, especially if the Fountain formation does occur as near as at Perry 
Park, it seems probable that the heavier sections of the Wyoming may include 
at their base portions of a distinct series, most likely the Fountain beds. This 
has been suggested also by Emmons, one of the joint authors of the Denver Basin 
monograph. 

The bed~ here at the base of the section resemble tho::;e in Pleasant Park 

similarly situated. The latter, I suspect, may prove to be Cambrian, and the 
resemblance noted suggests the possibility that the base of the section here also may . 
be of Cambrian age. The Millsap limestone, if the name may still be applied at 
Pleasant Park, had there thinned to complete insignificance, and if absent altogether 
the Red Beds of the Fountain f~n·mation would rest immediately upon the basal 
sandstones. It seems more probable, however, that the whole early Paleozoic 
section is here missing. . 

In a recently published paper W. T. · Lee a describes the areal geology of the 
Castle Rock region. Except for the Red Beds, the only Paleozoics described occur 

"in Perry Park. No detailed section is given and the characters of the geologic 
sequen.ce descr_ibed may be condensed as follows: The only Cambrian outcrop occurs 
6 miles south of the area mapped, near Deadmans Creek. It is a -deep-red quartzite . 

· 25 feet thick and corresponds in character and stratigraphic position with a similar 
quartzite in Manitou Park referred to the Cambrian in the Pikes Peak folio. Above 
the red quartzite appears a series of cherty limestone layers interstratified with 
red clay. Some obscure brachiopods, identified ~s Dalmanella test,udinar>ia, indicate . 
that the age . of this bed is Ordovician. 

The Carboniferous is thus described: 
' . 

'"At the base of the formation occur 40 feet of coarse-grained, crumbling sand-
stone, conglomeratic in places and' mottled in varying shades of red· and gray. 
Above this sandstone is a series, · 10 to 15· feet thick, of deep red to white cherty 
limestone in layers, alternating with red shale. Near the top of this series is the 
fossiliferous seam. Above is a series of several hundred feet . of coarse-grained 

a Am. Geol., vol. 29, 1902, pp. 96-109. 
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sandstones and conglomerates, which appear to be perfectly conformable with the 
fossiliferous series. They are colored irregularly in various shades of red and gray 
to an extent which gives the series a conspicuous mottled appearance. The gray 
predominates near the base. From thence upward the red becomes prominent and 
the series passes gradually into the so-called 'Trias'--the Red Beds. No line of 
demarkation was found between this formation and the Trias." · 

The fossils mentioned, together with a series collected by Whitman Cross, are 

discussed in the paleontologic portion of the present paper. Of the Carboniferous 

age of this fauna there can be no doubt, and it can safely be referred to the Lower 

Carboniferous. The upper portion of Lee's Carboniferous section he correlates, 

by stratigraphy and lithology, with the Fountain beds of the Pikes Peak quad­

rangle, and the opinion seems to be entertained that by this series, together with the 

typical Red Beds into which it graduates, the Carboniferous and Perm5an, as well -as 

the Triassic periods are represented. A nearly vertical series east of the park 

undoubtedly belongs to the Red Beds proper (Lee). 

The relation of the beds in Lee's map io such as to indicate an unconformity 

by overlap of the Red Beds, which seem to be the \Vyoming formation of the 

Denver Basin a;rea, upon the supposed equivalent of Cross's Fountain formation. 

Peale's section in Perry Park, or Pleasant Park, as it appears to have been called 

at that time, must include the same strata described by Lee. Peale refers all the 

lower part of the section down to the granite to the Carboniferous, as does Lee, but 

I inclined to identify as Cambrian the sandstones at the base of his section, founding 

the opinion upon the resemblance in lithology and position to strata in other near-by 

sections from which he reported Cambrian fossils. Hayden also suggests the possi­

bility of the view held by me. All the lower part of Peale's section below the Red 

Beds seems to be equivale~t to Lee's Carboniferous (except the part supposed to 

represent the Fountain formation). The fossiliferous limestone at the top in each 

case is the Millsap limestone. Of this, Peale cites 9 feet, and Lee 10 to 15 feet. 

As occurring beneath the limestone, Peale mentions 105 feet of red, white, and 

purplish sandstones, while Lee finds 40 feet of red and gray sandstones. The 

differences so far noted are not important, and doubtless result from the two sections 

not having been made at the same exposures. The sandstones in Peale's section, 

however, rest on granite~ while in Lee's section one would infer that they were 

underlain by the Ordovician limestone already referred to. The Ordovician lime­

stone, however, appears not to have been found in the Castle Rock quadrangle, but to 

have occurred with the red Cambrian ( ?) quartzite south of the area mapped by Lee. 

Several interesting possibilities present themselves. The most probable is that 

the sandstones under the Millsap limestone are really not Carboniferous, but Cam­

brian, and that the place of the Ordovician limestone is not below but above them, 

the limestone itself ha.ving been cut out by the erosion by whicn the Millsap lime-
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stone is known to have been preceded. If Lee is correct in placing the Ordovician 

beneath the sandstone; the latter either belongs with the Millsap, as Lee and ~eale 
have it, and is a new element introduced into the formation, or else it represents the · . 

Harding sandstone, the Ordovician limestone in all probability being the Manitou. 

This seems to me altogether improbable, as the Harding sandstone appears to ~e 
wanting north of Garden Park. • 

Peale's Trias, of course, is the more or less precise equivalent of Lee's Red Beds, 
including also the sandstones and conglomerates lying above the Millsap limestone, 
which he places in the Carboniferous. The raison d'etre for the introduction into 

literature of the name Wyoming appears to have been that it was supposed to be 
Triassic and of later geologic age than the Fountain formation which Cross provis­

ionally referred to the Carboniferous. Although in the Pikes Peak quadrangle the 
Fountain beds are followed by the Morrison formation, east of the Pikes Peak area 

the Wyoming formation is supposed to. interven'e. As Perry Park is intermediate 
between the Denve1~ Basin and the Pikes Peak quadrangle, and as the Red Beds 

there seem to have the characters of the Fountain formation in the lower part and 
of the Wyoming· formation in the upper part, it seems not improbable that the dis­

tinction made by Lee is correct. The 'Vyoming and F?untain formations and their 
supposed equivalents in other areas have the appearance of being continuously 
deposited, but the evidence of overlap here and in the Dolores River region seems 

to prove that this was not the case. 
The area immediately north of that surveyed by Peale in 1873 was examined by 

Marvine a the same year: Th·s, the Middle Park division, contains no beds referred 
by him to the Carboniferous or even to the Paleozoic, but as I regard the Red Beds 

which ge maps as Triassic as possibly Carboniferous in age, his remarks upon that 
division are germane to our study. The area embraced by the Middle Park division 
is included between parallels 39° 30' and 40° 20' north latitude and meridians 104° 45' 

and 106° :10' west longitude. It contains three topographic and geologic areas, the 
plains, the mountajns, and · the park, but it is only in the plains skirting the moun­
tains that any of the so-called Triassic beds occur. They al"e there continuous with 

the series which Peale describes under the same name, and they extend without break 
to the northern limit of the Middle Park district.. Their occurrence here differs 
both from the exposures to the north in Wyoming and those to the s~uth in Peale's 

district in having no recognized Carboniferous beneath, resting directly upon the 
smoothed but uneven surface of the granite. The R~d Beds vary in thickness in 

this area from over 1,600 to 2,000 feet down to 400 feet. The thinnest sections are 
found a few miles north of Golden, from which point the series thickens rapidly to 
the north and to the south. . The color is for the most part a dark red, though in 

aU. S. Geol. Geog. Surv. T err. , [Seventh] Ann. Rept., for 1873, 1874, pp. 83-192. 
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some places lighter colors predominate. In texture the rock is a sandstone with 

coarse grits and shaly layers. Though conglomerates may occur anywhere in the 

series, they are mostly confined to near the base, where they are often plainly 
derived from the subjacent rock. In this series, and in the Jurassic above, no fossils 
of any sort were found. 

The area of Marvine's district completely embraces that of the Denver Basin 
monograph, and Marvine's Triassic and Jurassic in a general way correspond to the 

Wyoming and Morrison formations of the latter. lYiarvine's district also adjoins 
Peale's on the south, anq from the uniformity in the thicknesses assigned to the 
Triassic and Jurassic by the two authors in their respective areas, a it seems that the 

same limits were adopted by both for these formations. ·As, in the case of Peale's 

Jurassic, it was found that only the upper portion belonged in the Morrison forma­
tion, as defined in the Denver monograph, so it seems necessary to assign to the 
Wyoming formation the lower part of J\'Iarvine's Jurassic, to which he gives a 

thickness of 770, 660, 870, and 400 to 500 feet in different sections, while the 
JVIorrison averages but 200 feet. As I have had oceasion to remark in connection 

with Peale's report and the Denver monograph, the great variations in the thickness 
of the \Vyoming formation as measured at different points may be due to the presence 
and inclusion of local undifferentiated remnants of the Carboniferous Fountain beds. 

It is too well known to require repetition that the field of o_bservation of the 
King survey was along and chiefly to the north of the fortieth parallel, and that it 
included a strip quite across the State of Colorado whose northern boundary is the 

forty-first parallel. Within this occur two areas of Paleozoic outcrop. One of these 
is found in the lJinta Mountains and their outliers; the other consists of two narrow 

strips--one on the east, the other on the west side of the Front Range. The report 
of this survey as it relates to the Uinta Mountains has been discussed elsewhere. I 
will here consider its discussion of the Paleozoics along the Front Range. It might 
be added, however, that, instead of the original descriptive account ·by Arnold Hague, 
I have considered e;:;pecially the summary report by King,b in which much the same 

facts are presented in a more convenient arrangement. 
The beds referred to the Paleozoic by King on the east side of the range begin 

just south of the forty-first parallel, buc on the west side they do not come in until 
some distance north of it, and therefore are not strictly within the limits of my paper~ 

but as their northern continuation bears somewhat upon the construction to be placed 
upon the succession farther south, I will summarize King's remarks upon them. 

King's discussion, unfortunately, begins with a misstatement of fact, which, 
though unimportant, nevertheless stands open to correction. He says : ''In Colorado 

a In the South Platte section, as I have already had occasion to quote from Peale, the thi::!kness of the Trias is from 
1,500 to 2,000 feet. 

bU. S. Geol. Expl. 40th Par., Rept., vol. 1, 1878, pp. 127-139, 249-259. 
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Range, between Colorado Springs and latitude 41° , the lowest sedimentary rocks 
found in contact with the metamorphic Archean series are sandstones of the Triassic 
age.'~ In fact, however, the Hayden maps show · Carboniferou·s rocks at the head of 
V'tr est Plum Creek, north of Colorado Springs, and there is reason to believe that 
some of the Paleozoics still exist in the canyon of the South Platte. 

On the east side of the range, according to King, except for Tertiary overlaps, 
there is a continuous chain of Paleozoic outcrops from the headwaters of Boxelder 
Creek for 70 miles northward. Here the total Paleozoic series is limited to 850 feet. 
Of this the lower 150 feet consist of red limeRtones and a redd!sh sandstone of vary­
ing fineness. The upper portion consists of gray and blue arenaceous limestone and 
calcareous sandstone. At the base of the upper division Upper Carboniferous fossils 
occur. The specie.s cited are Prqductus cora, Productus seJniret?:culat"us, and S e_minula 

subtilita. King compares the rocks of thi~ area, both as to lithology and to sequence, 
with those of the Black Hills, and comes to the conclusion that the lower series here 
is the same as the Primordial of that area. He believes, indeed, that into the 150 to 
200 feet of beds below the horizon bearing Coal Measure fossils is condensed a com­
plete and conformable series of all the sedimentation of Paleozoic time prior to th~ 
Upper Carboniferous. He says (p. 129): "Although we have actually found no 
fossils in this horizon [the lower division], we feel the greatest confidence in asserting· 
that the whole Paleozoic series, from the Primordial to the Triassic,_is here com­
pressed wi~hin the 850 feet." And again (p. 132): ''It may be predicted that sooner 
or later the missing horizons between the Trias and the Cambrian are likely to be in 
large part discovered, for i~ an ocean in which undisturbed deposition took . place 
from the beginning of the Cambrian to the close of the Mesozoic age.no great period 
of time would be likely to elapse without sedimentation, and it is to be predicted 
that one after another the now missing main horizons will be identified, even if 
reduced to extreme thinness." And also (page 138): "Although they are barren of 
fossils, from the downward sequence of beds, we have no doubt whatever that the 
red sandstones, conglomerates, and quartzites underlying the C~rboniferous lime­
stones belong, as we have correlated them, with the Primordial of the Black Hills 
and Colorado Range. On the east side of Laramie hills the Paleozoic series reaches 
its greatest compression, namely, 800 feet in thickness. There is absolutely no 
unconformity from the base to the summit. Therefore in this thin deposit is repre- . 
sented all the time from the Cambrian to the Trias, and yet organic life is only 
represented by types of the Coal Measure epoch and the Permian." 

This hypothesis hardly deserves consideration at this day, but it is possible that 
the lower beds of the section may be, as claimed by King, pre-Carboniferous. 
Possibly the apparent nonconformity by overlap, cited by King, from the south 
branch of Crow Creek, by which the lower part of the section ·is missing and the 
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upper is in contact with the Archean, should be regarded as evidence favorable to 
this view. But the strata at this point have a nearly vertical position, and this 
circumstance suggests that the thinning of the series here may be due to structural 

causes. The fact that King compares the compact conglomerate, which is the lowest 
bed exposed, with one ""which is interstratified far up in the limestone, as seen 

at various points on the western slope," would seem to indicate that if an actual 
overlap the horizon of transgression does not coincide with the top of the lower of 

the divisions recognized by him, but took place at a higher level. On the whole, I am 
disposed to consider it more probable that the lower beds belong to the same series 

as the upper · and that all are of Pennsylvanian age. The paleontologic evidence 
necessary to settle this point one way or the other is as yet unfortunately wanting. 

"'Along the west flank, as already mentioned, the series makes a continuous 
outcrop from the northern limit of the map to a point 2 miles north of the Pacific 
Railroad, where it is overlapped by the conformable red Trias." "Always next to 
the Archean series occur the red sandstones, which we correlate wi_th the Black 

Hills Primordial, presenting toward the east a rather abrupt, but low, mural 
outcrop. " Here, however, a greate'r thickness of the whole series is developed ,than 

on the eastern side of the range, for it contains beds amounting to 1,200 feet. ""On 
the western side no fossils were obtained from the uppermost members, but distinct 

Coal JYleasure types were obtained within 200 feet of the base." The species, which 

are the same as found to the east, consist of Froductus semiretie1tlatus, Productrtts 
costatus, P rod1tet1t8 cora, S eminrttla subtilita, B elleroplwn sp., and Ortlwceras sp. 
Much the same series, apparently, occurs at several points in the Medicine Bow 

Range, but at Rawlins Peak is one which rather suggests that in central Colorado. 
At the base is about 700 feet of gray and white qua~·tzites and ·sandstones, the 
uppermost bed being a ferruginous sandstone 15 feet thick. These are suggestive 

of the Sa watch quartzite. The drab lithographic and white siliceous limestone next 
above may possibly represent the Yule limestone, while the dark blue, earthy 

limestone with Plerttroplwru8 oblongus and P roduct·us, both as to color, position, and 

fossil content, shows points of resemblance with the Leadville limestone, in which 
Whitfield identified Pl. oblongrtts at Leadville. a ~he gap of 500 feet not far above, 
which is supposed to be largely made up of calcareous and. argillaceous beds, 

possibly represents the Weber formation. ""Above this is another gap, without 
outcrop, of 400 feet, limited above by the distinct and characteristic Triassic beds." b 

Apparently in the Triassic near its base was found the species Naticct ? lelia, which 
King believes to indicate the top of the Permian, but which is now generally placed . 

• 
in the Mesozoic. Considered hy itself, this species can hardly be allowed much 
diagnostic force, and from this locality, at all events, no associated fauna is known. 

aU. S. Geol. Surv., Mon. , vol.12 , 1886, p. 66. bU. S. Geol. ExpL 40th Par. , Rept. , vol. 1, 1878, p . 137. 

14364-No. 16-03-8 
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King seems to take it for granted that the siliceous bed at the base of the Rawlings 
Peak section is the same as that occurring in a similar position ·on the flanks. of the 
Laramie Mountains, but as the latter consists of red sandstones and red limestones, · 
and the former of whitish quartzite without any limestone at all, there seems to be 
room ,for skepticism. I£ my conjectures prove at all true, the geologic ages of the 

two are entirely different. 
As previously noted, south of the forty-first parallel, the strata bordering the 

Archean nucleus and ·resting upon it belong to the well-known Rocky Mountain Red 
Beds of supposed Triassic age. Locally, at several points south of this parallel, ·and 
mor·e generally north of it, the Red Beds are underlain by strata of recognized Paleo­
zoic age. King states that the rel~tive position of the Red Beds and Paleozoics is 
one of conformity, but from the marked overlap of the Red Beds, it seems clear that 
the conformity can be only apparent. 

"The beds along the southern limit of the map, bordering the ~ig Thompson and 
the Cache la Poudre, attain a thickness of 800 to 850 feet, thinning thence northward 
and reaching a minimum in the region of Horse and Lodgepole creeks, where they 
scarcely attain 300, but thickening agai~ in the region of Chugwater and Bush creeks 
to nearly 700 feet. 

' • On the western borders of the range the conditions thus sketched are repeated. 
North of the Union Pacific Railroad the soft, easily eroded beds of the Trias, vary­
ing from 400 to 800 feet in thickness, rest directly upon the uppermost limestones of 
the Coal Measures. South of the railroad the Trias overlaps and, as on the eastern 
side of the range, comes in contact with the Archean. 

"Taken as a whole, and with the exception of the gypsum and limestone beds, which 
nowhere within our field of observation exceed 40 feet in thickness, it is essentially 
a sandstone series, for both clays and shales are exceedingly arenaceous, and the 
dominant color is a brick red for the lower half of the series, and variable lighter 
reds, pinks, and yellowish reds for the upper half. While this division of color holds 
good in general, it is often varied by extremely brick-red, almost vermilion-colored, 
beds appearing near the top, and light ones intercalated in the region of the heavy 
red lower strata. 

"'The Red Beds of Colorado Range have thus far yielded to our search no organic 
remains, saving obscure pieces of half-petrified, half-carbonized wood, which crumbles 
on exposure to the air, and displays no characteristic structure." 

The distribu~ion of the Triassic, so far as concerns the region discussed by King, 
consists chiefly of two strips, one on the eastern and the other on the western side of 
the Colorado Range, of an area of outcrops at Elk Mountain at the northern extremity 
of the Medicin~ Bow Mountains, of another at Rawlins Peak, of a bordering of 
outcrop on,both sides of North Park near its northern end, and of one on both sides•of 
the Uinta Mountains. In North Park the thickness is nearly 1,000 feet, and in the 
Uinta Mountains in the region of Vermilion Creek it is 2,000 feet. 
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It seems probable that this upper brick-red series is the Wyoming formation of 
the Denver Basin area, while all the series between it and the Arehean, part of which 

cont~ins Carboniferous fossils, may be the equivalent of the Fountain formation. 
Because of their stratigraphic position and of the lack of fossil evidence as to 

the age of the Red Beds (by which term is here designated the upper or " Mesozoic" 
portion), King, as we have seen, refers them to the Trias.a 

Quite recently W. C. Knight b reported the discovery of a Carboniferous fauna 
in the Red Beds of Wyoming. The locality is near Red Mountain, on the Colorado 

line, in the Laramie quadrangle, where the King atlas represents the · Triassic as 
overlapping the Carboniferous and resting upon the granite. The horizon is about 
725 feet above the base of the series, whose whole thickness is given as 1,578 feet. 
Knight states that the calcareous beds which King maps as Carboniferous a little 
farther north do not in · reality underlie the Triassic series of Red Mountain, but, 

merging into it, are equivalent to its lower portion. He remarks on page 420: 

" ,Just what proportion of the Red Beds will be equivalent to the limestones has 
not been determined, but probably not less than 500 feet of the strata near the Colo­
rado line will correspond to limestones and light-colored sandstones some 15 or 20 
miles to the northward, and possibly a greater thickness." 

Of the Carboniferous age of the fauna found at R~d Mountain it i~ impossible 
to entertain a doubt, but one may not draw from this occurrence . any strong 

inference as to the age of the beds above, of the ''Triassic" series _farther north, or 
of the vVyoming formation of the eastern flank. A question may well be raised, 

however, as to the existence _of the series consistently called ''Triassic" by King 
and other authors; or, in other words, since the lithologic characters which locally 

distinguish the Carboniferous and "Triassic ' ' beds break down within so short a 
distance as 20 miles, leaving the series uniform and indistinguishable, whether 

there is sufficient evidence to warrant separating 800 feet at the top and placing so 

important a division line as that between Paleozoic and Mesozoic in the midst of 
so thin and uniform a series. The consideration of this question is bewildered 

through the lack of paleontologic data or of refined stratigraphic evidence, of which 
we have some, but far too little. However, the Red Beds, including· the so-called 

"Triassic," of this general area may prove to be Carboniferous, as suggested by 
Knight; but a closely similar case may be instanced in the Rico and Dolores forma­
tions of the San Juan region , where fossils seem to demand a division. 

Probably the first account of the Paleozoics about Canyon is to be found in 

Ruffner's report on a reconnaissance in the ·Ute country, published in 187 4. c 

Hawn's description contained therein amounts to little more than a mere mention of 

aU. R. Geol. Expl. 40th Par., Rept., vol. 1, 1878, p. 249 . 
bJour. Geol. , vol. 10, 1902, pp. 413-422. 
c Ruffn er 's Rept. Recon. in the Ute Country, 43d Cong., 1st sess., House Ex . Doc. ; No. 193, 18?4. 
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the beds, without any attempt to determine their age. He says: "On descending 
again later in the day we met heavy formations of limestone dipping at nearly 
_every angle and crowning some of the high foothills. The~e strat~ are hard, 
cherty, massive, and compact. They soon disappear with a general dip toward ~ the 
east. we then pass on to thick beds of conglomerate ferruginous oxides, cementing 
rounded pebbles and 1yater-worn bowlders." (Page 81.) The heavy limestones can 

probably be safely identified with the Ordovician and Mississippian limestones, which 
· have subsequently been named the Manitou, Fremont, and Millsap formations. The 
· conglomerates are possibly the Fountain beds. On page 81 fish remains are cited 
from Canyon~ and it seems probable that they were derived from the horizon their 
occurrence in which has caused especial interest to attach to the Ordovician of this 
locality. 

In 1876 S. G. Williams published a section along Oil" Creek from the head of 
Oil Creek Park to the Arkansas River. a The essential portion of this section lies 
within the limits of the Pikes Peak: quadrangle, and it is possible to. identify 
Williams's formations with some accuracy. The whitish limestone at the .base of 
his section (No. 1) is, with little doubt, the Fremont limestone. Fifty · feet were 
measured and the bottom not seen. The mottled marble above (No.2), 15 feet thick, 
is the :Millsap limestone of Cross. The three red sandstones overlying (Nos. 3, 4, 
and 5), which have a combined thickness of 1,140 feet, can be no other than the 
Fountain formation. Williams says: 

"Nos. 1 and 2 are probably Carboniferous; rocks holding the same relative 
position in the Arkansas Canyon, and from which I have fossils, are certainly of that 
age." b 

If my correlations with Cross's section are correct Williams is of course mis-· 
taken as to the age of his lowest bed. 

In 1892 C.' D. Walcott described the geologic section at' Harding's quarry, about 
1 mile northwest of Canyon. c He distin,guishes, describes, and names the Harding 
sandstone series and the Fremont limestone series. _ The former included beds 1(a. to 
f); the latter, beds 2, 3, 4 (a-c), and apparently 5 of his section. Fossils of Ordo-

. vician age were found in 1c and a few in 1b, just below. The latter are indecisive, 
but probably indicate the same age. Bed 4c contains a large and varied fauna of 
the Trenton type. Bed 5 consists of impure variegated limestone with interbedded 
sandstones and argillae~ous shales, and has a thickness of from 15 to 30 feet. It 
contains a few species of fossil Brachiopoda which are correctly assigned to the Car­
boniferous. It thus appears that probably the whole of this section except its upper 

aU. S. Geol. Geog. Surv. Terr., Bull., vol. 1, 2 ser., 1876, pp. 249-25L 
b Ibid. , p. 249. 
cGeol. Soc. Amer~ca, Bull., vol. 3, 1892, pp. 153-172. 
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bed is of Ordovician age. There seem to be no traces of the Silurian and Devonian 

groups. 
Comparing this section with that in the Pikes Peak quadrangle near by, we find 

both the Harding .sandstone and the Fremont limestone recognized as such, Cross 

having adopted the names from the Canyon exposures. Bed la of Walcott's section 

rests directly upon gneiss and schist, while in the Pikes Peak quadrangle, beneath 

the Harding sandstone, is found another limestone formation, named the :Manitou 

limestone, and an inconsiderable thickness of Cambdan. The Cambrian and part of 

the Ordovician, therefore, seem to be missing in the Canyon section. 

The propriety is somewhat doubtful of including in a single formation beds of 

geologic age as diverse as Ordovician and Carboniferous, and Cross has therefore 

distinguished the Carboniferou~ portion of the original Fremont under the name of 

the Millsap. limestone. 

In the third volume of the Wheeler Survey is a report by Stevenson, in which 

the geology of a large portion of Colorado is described. a Carboniferous is reported 

in a number of areas. Neither Silurian nor Carboniferous rocks are recognized 

along the Front Range, however, and the opinion is expressed that their western 

outcrop is far to the east of the base of the mountain, deeply buried under the more 

recent formations. b The series of red sandstones and conglomerates which was 

observed from Golden to the Greenhorn Mountains this. author refers to the Triassic. 

At Beaver Creek, a few miles northeast from Canyon, a thickness of 2,700 feet · is 

ascribed to it. At Manitou a bed of shale and another of limestone were observed 

at the base of the Triassic., and the suggestion was put forward that· they might be Car­

boniferous. The Triassic is said to be unconformable with the overlying Jurassic, 

which is in turn conformable with the Cretaceous. The ~T urassic on Oil Creek near 
·canyon consists of light-colored sandstones and shales, amounting in all to about 

120 feet, overlying a limestone. 

Stevenson's Jurassic corresponds in geologic position, lithologic character, and 

thickness with the Morrison formation. His Triassic appears to include in dif­

ferent sections now the '\\.,.yoming formation, no"\Y. the Wyoming and Fountain, and 

again only the Fountain formation. Beaver Creek, the point at which he records an 

estimated thickness of 2, 700 feet of Triassic strata, is in the extreme southeastern 

corner of the Pikes Peak qu~drangle. His "Triassic" corresponds in this instance 

only to the Fountain beds, but as Cross gives this formation a th!ckness of but 

1,000 feet, it seems that that assigned to it by Stevenson was overestimated. 

'Vhile the "Triassic" of Stevenson em braced in the main only the Rocky Moun­

tain Reel Beds, in the limestones seen at Manitou it probably includes some Ordovician 

as well. However, the distribution along the Front Range of the older Paleozoics is 

aU. S. Geog. 'Geol. Surv. W. lOOth Mer., Rept., vol. 3, 1875, pp. 303-501. 
b Ibid, p. 376. 



118 CARBONIFEROUS ]fORMATIONS AND FAUNAS OF COLORADO. 

so sporadic · that with this exception it might easily be that none came under his 
observation. 

The Pueblo quadrangle corners with the Pikes Peak qu~drangle, which lies 
immediately to the northwest, and it is bounded upon the south by·the Walsenburg 
quadrangle. Many of the formations occurring in the Pikes Peak are found also in 
the Pueblo quadrangle. The Paleozoic section consists of the Harding sandstone, 
Millsap limestone, and · Fountain formation, above which follows the Morrison 
formation. 

The Cambrian and the Manitou limestone of the Pikes Peak quadrangle appear to 
be wanting in the one under consideration, the earliest deposits preserved being a white 
sandstone which rests on the Archean, and which Gilbert correlates with the Harding 
sandstone. Above the Harding follows a series of gray and purple limestones 200 
feet in thickness, with some shales in the lower part and with 30 feet of coarse gray 
and red sandstone on top. This series Gilbert calls the Millsap limestone, from 
which it would appear that the Fremont limestone of the Pikes Peak quadrangle is 
regarded as absent. His position upon this point is stated as follows: 

"In a bed near the middle of the overlying limestone were found a few fossil 
shells of Spiriferct rockymontana, -a Carboniferous species found also in the Millsap 
limestone of the Pikes Peak quadrangle, but nothing was found to mark the presence 
of the Fremont limestone (Silurian), which in the Pikes Peak district separates the 
Harding and Millsap formations. The application of the name Millsap to .the whole 
series of the Pueblo district is a somewhat arbitrary proC'edure, and is subject to cor­
rection when more facts are available." 

As the Millsap limestone in the Pikes Peak quadrangle is only 30 feet in thick­
ness, and as the Fremont is reported by Cross as 270 feet at .Canyon, the natural 
expectation would. be that the Millsap would be the one to die out in the Pueblo· 
quadrangle. There can, however, be little doubt of the upper half at least of 
Gilbert's Millsap being correctly correlated. In any event, that formation shows a 
much increased thickness, and should it prove that the whole bed represents the 
Millsap, it will afford but one more instance of the sporadic and fragmentary repre­
sentation of the Paleozoic horizons alqng the eastern line of the Front Range. It is 
not clear whether Gilbert includes in the Millsap the 30 feet of sandstone above the 
calcareous portion, but this would seem to be the case. One would think that these 
beds belonged to the Fountain formation. In view of the conditi9ns observed in 
the Pikes Peak quadrangle I do not see how there could be . conformity between 
the Millsap and Harding formations in the Pueblo quadrangle, especially ·if the 
Fremont limestone is absent, so that the MilJsap rests on the Harding. 

The Fountain formation in the Pueblo quadrangle has a thickness of 2,100+ feet, 
as against a maximum of 1,000 feet in the Pikes Peak quadrangle. The question 
might be raised whether a part of this does not represent the Wyoming forma-
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tion. Gilbert refers the whole to the Juratrias. Only so far as any part of these 
strata belong to the series which farther north has been called the Wyoming forma­

tion do I believe this reference to be a correct one. The Fountain formation I have 
little doubt is Carboniferous. Of course, without fossils, opinions as to its age are 

largely matters of ~onjecture. • 
The Fountain formation is, aecording to Gilbert, conformably overlain by the 

Morrison formation; but Cross has shown the existence above the Fountain of an 
important erosion interval. 

These Paleozoics, whieh Gilbert .refers to the Harding and Millsap formations, 
form, by their outcrop, part of an area which is represented under the Lower 
Carboniferous color in the Hayden atlas. Endlich described these beds as grayish 

limestone and shale, from which it would appear that he missed the Harding beds. 
The ~"~"alsenburg quadrangle is a 30-minute quadrangle whose northwest corner 

is formed by the intersection of the thirty -eighth parallel north latitude and the one 
hundred and fifth meridian. It lies immediately south of the Pueblo ,quadrangle and 
its northern border is not far south of the town of Pueblo, Colo. The geology of 

this quadrangle has been described and the formations mapped in the folio atlas of 
the same name. 

According to the Hayden atlas, this .quadrangle should contain a small area of 

Carboniferous in its southwestern corner (Arkansas sandstone), but this area proves 
to be occupied by Eocene ( ?) and Upper Ci·etaceous rocks. 

The northwestern corner includes part of the southern end of the Wet Moun­
tains, or of the Greenhorn Mountains, the area in which Endlich described Juratrias 

rocks as mentioned above. 
The oldest sedimentary formations recognized by Hills in this quadrangle are the 

Badito and the ~Iorrison formations, of which the former is referred questioningly 
to the Carboniferous, and the latter to the J uratrias. Of the Badito, Hills says: 

'• The upper half of this formation consists of brick-red sandstone, about 100 
feet in thickness, generally massive or thick bedded~ but sometimes shaly on the 
weathered surface. It apparently corresponds to part of the Fountain formation, 
but to what portion of it is uncertain. The lower half consists of about the same 
thickness of very coarse conglomerate of a brownish-red color. * * * No organic 
remains by which the age of these beds could be satisfactorily determined have been 
found within the limits of the quadrangle. In the Sangre de Cristo Range, to the 
westward, the stratigraphic section corresponds very nearly with that at the southern 
extremity of the Greenhorn Mountains, except in respect to the thickness of the 
conglomerate. Below the Cretaceous beds and the .1\'lorrison formation there is in­
each case about the same thicknes~ of capping red sandstone, but the coarse con­
glomerate and sandstone on which it rests attam in the Sangre de Cristo a thickness 
of several thousand feet. In that locality the beds have afforded remains of an 
Upper Carboniferous fauna and flora. The evidence of a similar character from the 
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Fountain formation on the eastern slope of the Rocky Mountains is meager and 
contradictory, and it is still a question whether it should be classed as Permian or 
Triassic." . 

It would thus appear that the earlier Paleozoic is entirely unrepresented in this 
quadrangle, even the Harding and Millsap formations recognized-in the Pueblo quad­
rangle having disapp~ared. A change of tint similar to that noted by Hills as 
occurring in the Badito formation has been described in many local sections of the 
red-colored beds of Colorado. The upper strata are often spoken of as brick red 
and the· lower ones as being brownish red or ~aroon colored. Hills compares the 
lower part of his Badito formation with the Arkansas sandstone, thus suggesting a 
correlation with the Maroon formation and its equivalents in other parts of Colorado, 
while the upper, bright-red portion may represent the Lenado beds, the Wyoming 
formation in the Tenmile district, etc. Upon this hypothesis the Bad ito formation 
would contain the dividing line between the Wyoming a.nd Fountain formations, and 
include about 100 feet of each series, the one above, the other below. This may be 
the case, and could be explained in its relation to the conditions existing in the Pueblo 
and Pikes Peak folios by considering the uncomformities which preceded th~ Fountain 
formation, the Wyoming formation(?), and the Morrison formation. But in view 
of the great thickness of the Fountain beds in the Pueblo quadrangle immediately 
north and of the apparent absence there and in the Pikes Peak quadrangle of the 
Wyoming formation it seems as if the color change in this case were being misinter:. 
preted and as if the Badito formation represented the Maroon and Fountain horizon. 

The Spanish Peaks quadra~gle adjoins the Walsenburg quadrangle on the south. 
In its northwest corner this quadrangle should include, according 'to the Hayden 
atlas, an area of Carboniferous ro~k, probably part of Endlich's Arkansas sandstone; 
but the facts brought out in this folio show the Hayden mapping to have been 
incorrect. The oldest strata recognized in the Spanish Peaks folio is the Morrison 
formation, there being no Archean or Pale<?zoic in this area. 

·In his report upon the San Luis district a Endlich described the geologic suc­
cession along the Front Range from a point somewhat south of Colorado Springs to 
the thirty-eighth parallel. b South of Canyon an overlap of younger deposits con­
ceals the beds of the J uratrias, which reappear, however, north of the limit above 
referred to. The northern area at least has been the subject of other reports, espe­
cially that of Cross upon the Pikes Peak quadrangle and Gilbert upon the Pueblo 
quadrangle; fortunately; since it seems impossible to make much out of Endlich's 
account. In this northern and more extensive area he gives three sections, to which, 
as usual with this author, measurements of thickness are lacking, and from these it 
would appear that he mi~sed all of the admitted Paleozoics along this tract, though 

aU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 275-361. 
b Pages 312 to 316 and 328 to 329 of his report. 
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some of them are delineated as Silurian upon the Hayden Atlas. He states that the 

sedimentar:ies maintain a rather uniform charact~r. The oldest of these he seems to 
refer to the Triassic and Jurassic, though adopting for them the name Mesozoic, 

which he employs in exclusion of the overlying.Cretaceous formations. His Meso­
zoic beds, then, include the Fountain and Morrison formations recognized by Cross 

and by Gilbert, and his Cretaceous opens with what they call the Dakota formation. 

But little space is devoted to the more southern exposures of the Triassic and 
Jurassic formations, which here, at least, seem to be discriminated, though it is not 
clear at what point the division is made. "South and southeast of station 78 ·:<· * * 
the shales of a dark red to a brown color seem to increase considerably in thickness, 
* -K· ·x- while those beds referred to the Jurassic formation seem to decrease in 

thickness." Combined. their bulk probably exceeds 1,000 feet, though by how 
much is not told. 

Near the southern limit of the tract grayish limestones and shales of Carbonif­

erous age identified by fossils are reported, and they are mapped in the Hayden 
Atlas as Lower Carboniferous. 'Shortly south of this occurrence the beds which we 

have been following are concealed by the -Cretaceous overlap. 
' ' 

This area which appears under the Lower Carboniferous color in the Hayden 
Atlas is partially included in the Pueblo quadrangle, and. the beds which Endlich 

discriminated in the manner above described are identified by Gilbert as the Harding 

sandstone and Millsap limestone, though apparently Endlich saw only the latter. 
In his Southeastern district Endlich reports :upon the tract along the Front 

Range, immediately south of that included in the San Luis district. He describes 

the Trias as occurring on the southern end of the Wet ~fountains, and it is so 

represented on the Hayden Atlas. 
Endlich's remarks about these strata are somewhat obscure, but apparantly he 

recognizes two groups, the lower of which, consisting of bright red sandstones, 

shales, and marls, he calls the Red Beds or Triassic, and the upper consisting 
of light shales and marls, is called Jurassic. The lower strata have single beds 
of white or yellowish sandstone mingled with them, and are said to attain a con­

siderable thickness. 
Endlich states that these beds are identical with those further north, and 

expresses surprise that in his area they have not a more general distribution. 
Part of the area which is colored Triassic in the Hayden Atlas falls within the 

"\Valsenburg quadrangle, and the beds grouped by Endlich under the title Juratrias 
are probably the exact equivalent of the Badito and Morrison formations of the 

Walsenburg Folio, though lithologically Endlich's beds resemble especially the 

Morrison formation as described and delimited by Hills. 
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SAN JUAN REGION. 

In 1900 appeared a careful description by Cross and Spencer of the 'geology of 
. the Rico Mountains, (t the same group which in the Hayden atlas is set down as the 
Bear River Mountains. The strataf described are classified as Devonian, Carbonifer­

ous, J uratrias, and Cretaceous. The Devonian is reported , as . consisting of three 
mem hers. · The lowest is a sandstone or quartzite, frequently conglomeratic in the 

lower part; the middle is a shale, and the upper a limestone, for which the name 

Ouray limestone is employed. It is said that the -same series occurs in the Animas 
region, and apparently some points in the description are amplified from this wider 

know ledge. " ln certain localities in the San Juan the quartzite was not deposited 
upon· the Algonkian, and elsewhere both the quartzite and the shale are missing, in 
which case the limestone rests directly upon the pre-Paleozoic; but whenever the 
lowest member is present it is always followed in order by the other two in conform­

able sequence. It is possible that the shale and quartzite are pre-Devonian." There 
are thus indications of a species of unconformity between the several portions of the 

Devonian beds. 
The quartzite is again described as massive, very dense, and · highly indurated, 

in color dull yellow and white, with red and brown staining. its thickness is given 
as about 200 feet. At the time this report was written no fossil~ were known from 

the quartzite, and its reference to the Devonian, as shown in the statement quoted 
above, was clearly made in a tentative manner. The character and geologic position / 

of this bed are so similar to those o:f the Cambrian of other parts of Colorado as to 

suggest the Cambrian age of this series also. Furthermore, in some talus, with little 
doubt derived from this quartzitic formation, Mr. Cross has recently found a slab 
containing numerous specimens of a linguloid shell, probably belonging to the genus 

Obolus (Lingulella). This evidence, though imperfect in several ways,' combined with 
the other, makes the Cambrian age of the quartzite member highly probable: This 
formation Cross now proposes to call the Ignacio quartzite. 

The central shaly member of the Devonian series is not specifically described, 
but its thickness appears to be about 50 feet. If the quartzite does, as I suspect, 
represent the Sawatch quartzite, the Yule limestone, as such, has no equivalent in 
the Rico section. The relation of the shaly member to the series established for the 
Crested · Butte quadrangle is of course altogether speculative, but the suggestion is 
made that it may correspond to the shale which in that section Spurr correlates with 
the Parting quartzite. This correlation is rendered somewhat the more probable 
because from this horizon Endlich b reports the occurrence of bones and scales o:f 
fishes of large size, a type of fossil that seems to characterize the Parting quartzite 
horizon. ____ .. ___________ _ 

aU. S. Geol. Surv., Twenty-first Ann. Rept. , pt. 2, 1900, pp. 7-165. 
b U_ S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, p. 212. 

.. 
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The Ouray limestone is made up of mas:sive beds of limestone, separated by thin 
intercalations of marl or shale. Fossils are to be found in most sections, and show 
the geologic age to be upper Devonian. Only the Devonian fauna was known at 

the time this report was written, but at certain localities, at least, the top strata of 
the Ouray limestone contain fossils of a distinctly Mississippian m:;pect. The same 
Devonian fauna occurs in the Leadville limestone at Glenwood Springs, in the vicinity 

of Salida, and in the Crested Butte quadrangle, while a similar Mississippian fauna 
is found in the upper portion of the Leadville at Salida, in the Crested Butte quad­

rangle, and at Aspen. It can be regarded as established, therefore, that the Ouray 
limestone is the equivalent of the Leadville limestone of the Elk Mountains. 

The Carboniferous of Cross and Spencer consists of the Hermosa and Rico 

formations, both of Upper Carboniferous age, for t!le Mississippian fauna of the 
Ouray limestone was not known at the time of their writing·, and the lVIississippian 
epoch accordingly was supposed to be unrepresented. On the evidence of the 
invertebrate faunas the Hermosa formation is referred to the Pennsylvanian period, 
and the Rico formation to the Permo-Carboniferous. 

• • Occurring between the Devonian limestone and the typical Red Beds, and 
sharply defined from each, there is a heterogeneous series of rocks which is gen­
erally distri. buted in the San Juan region, where it reaches a maximum thickness of 
about 2,000 feet ·x- ·x· * Lithologically the Hermosa is composed of limestones, 
shale, and sandstone, but all of these strata are more or less calcareous throughout. 
The limestones are of a blue-gray color, rather dense in texture, and usually very 
fossiliferous. They are frequently more or less bituminous, sometimes so much so 
as to afford a distinct odor of petroleum when struck with a hammer. The shales 
vary from black bituminous clay shales, rather fissile, to sandy shales and sand­
stones of an olive-green color. The sandstones are also of a greenish color * ·* * 
This formation has a considerable distribution in the western part of the San Juan 
r egion, but throughout the area of its occurrence it is not in general divisible, since 
individual beds and groups of strata change greatly in character from place to place, 
so that horizons can not be definitely recognized in localities separated from one 
another by more than short distances." 

At Rico, still more than in the Animas section, are the limestones persistently 
segregated in the middle portion of the formation. It is therefore possible to 
divide the Hermosa at Rico into ·three approximately equal parts. The Hermosa 
formation corresponds in a general mariner with the Middle Carboniferous mapped 

by the Hayden survey. 
Between the Hermosa formation and the Ouray limestone in the Needle lVIoun­

tains quadrangle occurs a bed of red shaly materi:~l whose character and occurrence 

are peculiar. It was not given particular description in the report by Cross and 
Spencer, but it is now proposed to discriminate it as the Molas formation. The 
following account of this horizon is abstracted from a description written by Mr. 

Cross: 
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" 
The Molas formation is the lowest of the three Upper Carbonif~rous formations ' 

distinguished in the Animas Valley and , adjacent region. · It is distinguished on 
lithologic grounds, because it records a preceding interval of erosion, by which 
formations of Mississippian age were in large measure destroyed, and, in a subor-

. dinate degree, because of certain faunal peculiarities which further collections may 
or may not affect. • The Molas beds were not included in the original definition of 
the Hermosa formation, although the Hermosa was said to rest on the Ouray lime­
stone. In the localities examined before that definition was formulated there was, 
in fact, a hiatus in the observations, the thin Molas ,beds being nowhere well 
exposed. This formation is especially characterized by its deep-red, friable, sandy 
strata, which are variably calcareous and often . shaly. . They are seldom very 
distinctly bedded, and disintegrate so rapidly on weathering that good exposures 
are rare. In the lower part of the formation dark chert nodules abound, often 
making a large part, of flat lentils· or discontinuous la}rers. ·The best section of 
the formation thus far observed is situated on the southwest slope of the Needle 
Mountain~, on the south side of Tank Creek. At that locality there is a continuous 
section, about 75 feet in thickness, representing the whole formation as there 
developed between the Ouray limestone and the Hermosa complex. There is no 
distinct stratification in the section. At the base is a zone of gradation into the 
Ouray limestone, for the upper zone of the latter is much broken up with the red 
calcareous mud of the Molas filling the interstices. This filling of the formation is 
very common. For some feet above this transition zone there is a chaotic mixture 
of ehert and limestone f1:agments, with not a few of bluish or white quartzite, but 
none of granite or schist. In all the lower part of the section much of the material 
is an impure limestone, reddish in . color, but wi~h the saccharoidal texture of the 

·Ouray. It is probably a limestone sand rock. The matrix in which the fragments 
of chert, quartzite, and limestone are held is a red marl-like material. There are in 
places indications that a calcareous mud was broken up before consolidation, and 
was worked over with the fragments of foreign rocks. Gradually the section 

· becomes more and more sandy, but chert fragmen~s were fou,nd almost U'() to the 
fossiliferous limestone of the Hermosa. 

The shale contains nodules of chert_ carrying a Mississippian fauna related to 
that in the upper portion of the Ouray limestone, and it is believed that they were 
derived from the Ouray. Otherwise the shale is almost unfossiliferous; but from 
some thin limestones in the uppermost part of the formation, in a single locality in 
the Needle Mountains quadrangle, a few species were obtained by Mr. Cross which, 
while not of themselves altog.ether diagnostic, are unlike the Mississippian fauna of 
the Ouray and similar to that which comes in at the base of the Hermosa, which is 
clearly Upper Carboniferous. On this a~count the beds down to the top of the 
Ouray are regarded as belqnging in the Upper Carboniferous. 
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The Rico formation includes the lower portion of the Red Beds in this region, 
the upper portion being described as the Dolores formation. Lithologically the 

two formations are quite similar, and their discrimination is based chiefly upon 
the evidence of fossils. The fauna of the Rico formation is of Carboniferous age, 

while that of the Dolores is Triassic. The boundary between the Rico and the 
Hermosa formations is well marked, but that between the Rico and Dolores "is at 
present entirely artificial, being based upon the highest known occurrence of the 

Rico fossils. The former is made to iflclude only strata characterized by the Rico 

fauna, whi.le the latter comprises the apparently unfossiliferous medial portion of the 
Red Beds, together with the upper part, of known Triassic affinities. The actual age 
of the unfossiliferous Red Beds is thus left in doubt; they may eventually prove to 

be either Permo-Carboniferous, true Permian, or Trias. · They correspond to what 
bas been called Trias throughout the Rocky Mountain province." The thickness of 

the Rico formation thus determined is about 300 feet, and it is made up of "sand­
stone and conglomerates with intercalated shales and sandy fossiliferous limestones." . 
The general characteristics of the Rico formation are again described as being, first, 

''its calcareous nature, in which it resembles the strata above and below; second, the 
very arkose character and the coarseness of the sandstones, in whieh respeet it differs 

from the Hermosa and resembles the Dolores; and, third, its ebocolate or dark­
maroon eolor, which contrasts sharply with the gray or green of the Hermosa and 
whieh is more or less distinct from the bright vermilion of the Dolores." 

With the Rico formation the portion of the seetio~ falling within the scope of 
my work is exhausted, but I will briefly recapitulate the important eharaeters of the 

Juratrias groups. ''All the Juratrias formations of the San Juan region," it is 

reported, "are represented in the Rieo Mountains. Beginning at the base, they are 
the Dolores Red Beds, 1,600 feet in thiekness; the La Plata sandstone, 250 feet or 

more; and the MeElmo shales and sandstones, exposed to a thiekness of 300 feet 
within the area represented on the map, but having a total thickness of nearly 900 
feet in the region adjacent." 

The La Plata sandstones and ~IcElmo formations are said by Cross and Spencer 
to represent, respectively, the lower and upper portions of the Gunnison formation 
of the Crested Butte region. The Ouray limestone, as already shown, can be corre­

lated with the Leadville limestone of that area, so that the Molas, Hermosa, Rico, 
and Dolores formations in one area and the \V eber and Maroon formations in the 

other oceupy similar positions in the section. The "' eber formatiQn appears to 
have no espeeially discriminated lithologie equivalent in the San Juan region. 
The Hermosa formation, in tbiekness, lithologie eharaeter, and position, is similar to 
the lower of the two divisions recognized in the :Maroon conglomerate. The Rieo 
formation in its eolor and lithology is similar to the upper divisiOn of the Maroon, 
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and both are ch~racterized by their arkose character, indicati~g that erosion having 
cut through the overlying sediments was playing upon the granitic basement rock. 

The Rico is, however, very much thinner, an~ its characteristic fauna has as yet not 
been found in the Maroon conglomerate, the fauna of the upper part of which is 

unknown. The bright-red Dolores beds appear to have no equivalent in the Crested • 
Butte quadrangle, but they can be compared to the similar deposits described by 
Spurr at Lenado Canyon near Aspen. The time interval between the Rico fauna 

and that characterizing the top of the Doleres is so great that I believe that a 

period of erosion or of nondeposition must have intervened, even though it is not 
now recognizable in the mutual attitude of the sediments. vVith such a theory .the 

great disparity in thickness between the Rico formation and the upper Maroon is 
in accord, and also the greatly reducl3d thickness of the upper Maroon in the 

southern part of the Crested Butte quadrangle reported by Eldridge. On the other 
hand, the Gunnison formation was preceded in the Crested Butte region by a 

recognized unconformity, and it is by pre-Gunnison erosion that the apparent absence 

of the Dolores format~on in that region may be accounted for. 
The paper which furnished the foregoing brief summary was one of the last 

dealing with the geology of this area, but because it establishes for the first time 
a section and a nomenclature, its consideration has been, as a matter of convenience, 

taken up before those of earlier date. 
In the geologic reports which accompany Ruffner's report upon a reconnais­

sance in the Ute countrya are accounts by F. Hawn and L. Hawn, of observations 
at Animas Park and Animas River in the San Juan Mountains. Most of the strata 
described along the Animas seem to belong to the Hermosa foi·mation, and Car­
boniferous faunas are-cited from them in a number of instances. At two localities 

in 'the vicinity pf Engineer Mountain fossils are cited from a cherty limestone, which 
are said to be of Eocarboniferous ~ge. The following species are reported (p. 68): 

CyatlwphJ(llum, Gorgonia, Crinoidea, Productus r·eticulatus, and Euomphalu~ latus. 
As the character of the rock, the locality, and, to a certain extent, the fauna agree 
with our collections from the top of the Ouray limestone, it seems probable that 
Hawn was correct in the age determination of these beds. The red sandstone 
mentioned on page 68, and reported as 1,000 feet thick, possibly represents the Rico 
formation, unless the color is due to metamorphism as suggested by Hawn. 

Stevenson's report in the third volume of t~e Wheeler surveyb touches briefly 
upon the geol?gy of . the San tT uan region. c The only beds which come within ,the 
purview of this discussion are referred to the Carboniferous and the Triassic. They 
were seen chiefly in the Animas Valley. The Carboniferous, distinguished by its 

a Ruffner's Rept. Recon. in the Ute Country, Forty-third Cong., 1st sess., House Ex. Doc. No. 193, 1874. 
bU. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 3, 1875, pp. 307-501. 
c Ibid., p. 374 et seq. 
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characteristic fossils, comprises sandstones, limestones, and dark shales. Their 

thickness is reported as 1,200 feet, and the series is correlated with the lower sand­

stone measures in the Eagle River section. The Triassic beds, having a thickness of 

1,500 feet, are said to abut against the lower sandstones of the Carboniferous. 

There i~:~ nothing to indicate that the older Paleozoics recognized by Cross and 

Spencer in their Rico Mountains section-were seen by Stevenson, and his Carbon­

iferous, therefore, is more or less completely the equivalent of the Hermosa forma­

tion. The character of the Triassic beds is not desc~ibed, but it is fair to assume 

that they are of the type of the Red Beds elsewhere in Colorado. With this inter­

pretation the Triassic would be in a general way the same as the Rico, Dolores, and 

La Plata formations of the Rico section. Stevenson's measurements are in both 

cases, it may be mentioned, somewhat less than those more recently made by Cross 

and Spencer. Stevenson's correlation of the Hermosa with the lower portion of his 

Eagle River section is of interest, and that correlation I, too, am disposed to favor. 

The area examined by Endlich in 187 4, called the San Juan district, a lies between 

the one hundred and seventh and the one hundred and eighth degrees of west longi­

tude, and between 37° 15' and 38° 15' north latitude. The Paleozoies in this area are 

largely confined to a more or less crescent-shaped outcrop on the southwest side of a 

subcircular Algonkian ( ?) nucleus, the northeastern half being concealed by eruptives. 

There are also a few small outlying bodies of outcrop, as that at Ouray. 

The a~rangement of this report is greatly improved over that of the preceding 

year, but we find employed the same objectionable method of indicating points of 

observation by numbered stations which are not systematically described or repre­

sented upon a map. 

At only one point, the canyon of Lime Creek, did Endlich observe any beds 

which he refers to the Silurian, but in his Devonian are probably included the older 

horizons of the Paleozoic section. The Lime Creek exposures are said to consist of 

white, coarse-grained sandstones deposited in thick strata, and it was Endlich's now 

very quaint-seeming opinion that the pre-Devonian beds generally, and these sand­

stones in particular, furnished the material for, and by metamorphism were trans­

formed into, the quartzites and other Algonkian(?) rocks of this area. Endlich 

implies that this sandstone underlies and is distinct from his Devonian, but it seems 

more probable that it is only a local phase of the siliceous lower portion of it (i. e., 

of the Ignacio quartzite). . 
His Devonian along Lime Creek is a light-blue to grayish limestone with 

abundant fossils, the entire series having a thickness of 1,200 to 1,500 feet. "Above 

the limestones the Carboniferous beds begin, while they are underlaid probably for 

aU. S. Geol. Geog. Snrv. Terr., [Eighth] Ann. Rept., for 1874, 1876, pp. 181-240. 
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a considerable distance by the Silurian sandstone. This was observed, however, only 
at one point." (Page 211.) 

The section at station 48, which appears to be located on the southern boundary 
of the metamorph~c area, has at its base a white to red and brown quartzite resting 
immediately upon granite. Next follows a thin stratum of yellow siliceous shal~ 
containing narrow interstrata of softer shale. This formation h~ characterized by , 
the presence of well-marked pseudomorphs after salt, together with scales and 
fragments of bone of large fishes. Above this the limestones set in. "'The entire 
thickness of the sedim~ntaries at station 48 amounts to about 200 f~et, yv-hile farther 
south the limestone alone reaches that :figure." The limestone, which is presumably 
the same in both sections, is evidently the bed to which Cross subsequently has given 
the name, Ouray limestone. Endlich cites a list of the species found by him in the 
Ouray limestone. I described and illustrated this fauna characterized by the :fine 
species, Oamarotmchia endlichi, in some detail in 1900, a and although it was for a 
time set down as Carboniferous, later and more complete collections vindicate 
Meek's early determination of its age as Devonian. The Ouray limestone was 
succeeded by an interval of erosion, not of course observed by Endlich, and locally, 
at least, it contains in its upper portion another and quite distinct fauna of MisRis­
sippian age, whose presence was not known at the time l described the Devonian 
fauna. Whether the differences in thickness, to .which attention is called by Endlich, 
are due to this post-Mississippian erosion, I am unable to say, but it seems probable 
that this was partially, at least, the case. If, as· <?ne would infer from Endlich's 
statements, the white limestone, called by him Silurian, underlies the so-called 
Devonian, the absence -on Lime Creek between the Silurian sandstone and the Ouray 
limestone of the quartzite and siliceous shale observed at station 48,- and of the Silu­
rian sandstone at the latter between the g-ranite and the Devonian, are equally 
inexplicable. It seems more reasonable to suppose that the white sandstone is a 
local phase of the siliceous beds at the base of the series exposed at station 48, or 
that it is a new group developed in the thicker section, probably at a higher horizon 
than the quartzite of the latter. The quartzite, both from its lithology and strati­
graphic' position when' compared ~ith other sections, and also from such scanty fossil 
evidence as it has yet furnished, is surmised to be of Cambrian age and equivalent to 
the Sawatch quartzite, while for similar reasons the siliceous shales can be compared 
with the Parting quartzite, or with that general horizon. The presence of fish 
remains in this formation rather enforces this hypothesis and brings to mind the fish­
bearing Parting beds at Aspen. 

Endlich divides the Carboniferous sediments into two divisions, which he calls 
the Lower Carboniferous and the Upper. As usual, these terms are to be divorced 

aU. S. Geol. Surv., Twentieth .Ann. Rept., pt. 2, 1900, pp. 31-63. 
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from their ordinary paleontologic associations. vVhile the Lower Carboniferous 
consists of sandstones, shales, and limestones, the Upper is confined almost 
exclusively to massive beds of red sandstone. '• In its lower strata the former 
shows mainly yellowish sandstones, interstratified with yellowish and gray shales, 
while higher up the blue limestone sets in, containing characteristic fossils. Imme­
diately above that the red sandstones begin, and continue in an unbroken series 
until the white sandstones of the Lower Cretaceous are reached. Trias and Jura 
are missing or reduced to a minimum, and only exposed locally." 

The "Lower Carboniferous" is reported by Endlich as entirely conformable with 
the Devonian. There is, indeed, an apparent conformity, but its earliest sediments 
were deposited upon the Ouray limestone' only after the latter had undergone a 
protracted period of erosion. Endlich gives no total or average thickness for this 

formation, but he states the thickness of exposures at several points. Near station 

49,, apparently, 1,000 feet were observed (p. 216); at station 40 but 400 feet (p. 216); 
and in the Animas Valley it. would appear to have a thickness of 1,400 to 1,800 feet, 
more or less (p. 219). Endlich found this series, which Cross has disting·uished as 

the Hermosa formation, to be sparingly fossiliferous, but from it Cross and his 
associates have obtained extensive collections. Endlich cites Prod·uct1-ts sernistriatus, 
Serninula subtilita, and Spirifer sp. The species first mentioned was not found in 
the recent collections, and if its occurrence is authentic, as I doubt, it is of some 

interest, seeing that the species is a rare one. Apparently, however, the name is a 
blunder of Endlich's for the common Prodttetus semireticulatus, for we seem to have 

his fossils among our present collections, and they belong to the type which I have 

discriminated as P. serniretimtlatus var. Aermosanus. 
The red sandstone or Upper Carboniferous of Endlich succeeds the beds which 

he calls Lower Carboniferous. This. series consists principally of red sandstone, as 
already pointed out, but it seems to contain a certain amount of dark shale and to be 
sometimes strikingly interstratified with beds of white sandstone (p. 218). . At one 
point a thin limeston~ occ'urs above the sandstone (p. 217). The thicknesses seen at 
several points are 2,000 feet on the east side of the Animas, 1,400 feet at station 40, 

and 1,800 feet on Bear Creek (p. 217). Fossils are reported as especially scanty, but 
Seminula subtilita is cited, and also Productus sernistriatus, though the latter was 
not found in place, and some doubt seems to have been entertained as to the 
sp~cimens really belonging to this horizon. Here also, if I judge correctly from 

the context, are reported crinoids and corals similar to those found in the red sand­
stone of the Sangre de Cristo Range. Indeed, that formation to which Endlich gave 

the name Arkansas sandstone he is disposed to regard as the stratigraphic equivalent 

of the Upper Carboniferous of the San Juan region (p. 240). 
From the color of Endlich's Upper Carboniferous series, and the fact that it is 

14364-No. 16-03--9 
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followed by the Lower Cretaceous sandstone, and also because he in one place 

assigned to the Lower Carboniferous a thickness almost as great as that of Cross and 

Spencer's Hermosa formation, the inference might be made that his Upper Carbo­

niferous represented their Rico, Dolores, and La Plata formations; but his faunal 

evidence seems to place this out of the question and make it nece.3sary to consider 

that series part of the Hermosa formation, unless, what is not improbable, his 

Upper Carboniferous is represented by the Hermosa in one instance and by the 

Dolores in another. 

The red sandstone is followed by the white sandstone of the Lower Cretaceous, 

which rests unconformably upon it, and Endlich points out that it was preceded by a 

deformation of the Paleozoic formations (p. 215). He says: 

"Although the Cretaceous beds of the southern and western portion have the 
same general direction of dip as the older ones, several localities have furnished. evi­
dence that the disturbances affecting the Devonian and Carboniferous must have 
occurred before the deposition of the Cretaceous. It is possible that to this fact, to 
the higher relative position at the time, the absence 'of Triassic ~nd Jurassic beds 
may be attributed" (p. 240). 

In 1875 W. H. ·Holmes was given charge of the geologic survey of the San Juan 

division, a and his report is found on pages 237 to 276 of the Hayden Annual Report 

for that year. The San Juan division is defined as the area which is "bounded ?n 

the west by 109° 30', on the south by 36° 45', on the north by 37° 50', and on the 

east by Mr. Wilson's work of 1874." Portions of this area lie in the States of Utah, 

Arizona, and New Mexico, but by far the greater part is in Colorado. 

This territm;y is chiefly occupied by rocks of post-Paleozoic age, and it is to 

these, consequently, that most of the discussion is devoted. · Carb<:niferous beds 

occur, however, overlaid by the Juratrias. To the latter are assigned beds 12, 

13, 14, and 15 of the general section, with a combined thickness of 1,500 feet. 

~~Group 12 consists of br~wnish and purplish laminate~ sandstones, generally less 

than 200 feet in thickness. This is the fossil-bone bed ·of Dr. Newberry, which is 

thought by him to be Triassic. Group 13 is the well-marked bed of massive white 

and pinkish sandstone. This is succeeded by a laminated series, and this by red 

sandstones." 

I find it difficult to correlate these subdivisions exactly with the formations 

recognized by Cross and Spencer in the Rico Mountains, though the general equiva­

lence is obvious It seems a safe hypothesis .,o suppose that the Upper Dakota of 

Holmes is .the sam~ as the Dakota sandstone of . Cross and Spencer. His Lower 

·Dakota; therefore; would pro9ably be the same as their McElmo formation. With 
this, however, the: resemblance seems to end. Though the two sets of ~ormations 

agree singularly in . thickness when ' arranged in parallel columns according to th~ 

aU. S. Geol. Geog. Surv. Terr., Ninth Ann. Rept., for 1875, 1877, pp. 237-276. 
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scheme, their lithologic and other characters do not agree. Bed 12, which Holmes 
believes to be the same as New berry's bone bed, invites comparison with the Dolores 

formation, which also is bone-bearing, but. the thickness is widely different. Simi­

larly the white sandstone, which is Holmes's bed 13, resembles the La Plata sand­

stone, but they differ widely in thickness, and if correlated the bone bed would occur 

above the division in one case and below it in the oth6r. Probably the Lower 

Dakot~ and the laminated bone bed combined are equivalent to the McElmo forma­

tion, the white and pink sandstone to the La Plata, and the red massive sandstone 

to the Dolores. 

The distribution of these beds is described by Holmes as follows: 

"The areas occupied by J uratrias· and Carboniferous rocks call for nothing more 
than a mere mention, as they are quite limited in extent, incomplete in exposures, 
and totally without fossil remains. In the La Plata Mountains there are exposures 
both of Red Beds and of Carboniferous sandstones; but they are to a great extent 
metamorphosed beyond recognition. About the sources of Bear River there are also 
exposures of the rocks of these ages, but I was not able to examine them. In 
Dolores Canyon, in the McElmo at the north base of Ute Peak, in the Montezuma 
Canyon, and on the Lower San Juan, there are slight exposures of the purple 
laminated beds and of · the pink and red sandstones. On three sides of the Carriso 
Mountains there are outcrops of the Red Beds, but these are mostly beyond our dis­
trict. From the summits of the Carriso ~fountains I obtained a comprehensive view 
of the tract of country about the valleys of Gothic Creek and the Rio de Chelly; 
nothing but red and white sandstones appear. A white or slightly pinkish sandstone 
is in this section peculiar to the upper part of the heavy sandstones of the J uratrias." 

Under the title of ''The geology and vein structure of southwestern Colorado," 

Comstock treats of an extensive area which includes the San Juan region. a The 

~andstones cropping out near the Animas Canyon this author refers to the Upper 

Silurian, and the Ouray limestone he makes Devonian. The Carboniferous is divided 

by him into an Eo- and a later Carboniferous series. The former, consisting of argil­

laceous, calcareous, and arenaceous beds with a thickness of 1,200 feet, is probably 

the exact equivalent of Cross's Hermosa formation. He remarks (page 227): "On 

Hayden's map they are marked Middle Carboniferous; but I can not find any good 

reason for this, and I suspect that we have here the representatives of both the 

Lower Carboniferous and Middle Carboniferous of other portions of the Rocky 

Mountains." In this, of course, he is undoubtedly in error, as the Ouray limestone 

represents the Lower Carboniferous, as the term i~ used and the beds generally 

identified, by the Hayden survey. Productus sem1'striatus, Athy·ris subtilita, and 

Spirifer sp. are cited from this bed, the fauna apparently being . borrowed from 

Endlich's account in the Hayden annual reports.b Under the term .Later Carbon­

iferous; he includes some 2,000 _feet of red sandstone which probably is about 

aAm. Inst. Min. Engrs., Trans., vol. 15, 1887, pp. 218-265. 
bU. S. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874,1876, p.-216. 
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equivalent to the Rico and Dolores .formations of Cross and Spencer. Possibly part 
of their Hermosa formation is also includ~d. 

DOLORES RlVER REGION. 

The district assigned to Peale for tlie year 1875 a was designated as the Grand 
River district. It lies between the parallels of latitude 37° 52'and 39° 15'. On the 
west it is limited by the meridian 109° 30', and on the east by the western Hmit of 
the work of 1874, . which is approximately the Gunnison and Uncompahgre rivers. 
In addition to this, there is a narrow strip of country south of the Gunnison River, 
from 10 to 20 milesin width, extending from meridian 107° to 107° 30'. 

It was found that over a great part of this area the Red Berls (Triassic) rest 
immediately upon the Archean rocks. "In the extreme western limits of the district 
it is probable that older formations lie between," but "there are no exposures o{ 

rocks older than the upper part of the Lower Carboniferous. * * * Along the 
western edge of the Uncompahgre plateau we have Permo-Carboniferous, and west 
of the Dolores two places where beds of Upper Carboniferous age appear." In fact, 
the Hayden atlas shows that the Dolores and some of its tributaries are bordered 
with "Upper Carboniferous" rocks almost from the thirty-eighth parallel to the 
junction of the main stream with the Colorado, and that they accompany the Colorado 
from that point westward beyond the one hundred and ninth meridian. In Sinbads 
Valley rocks of ''Middle Carboniferous" age are shown. 

Peale's section made at the head of Salt Creek, which is about ~ynonymous with 
saying in Sinbads Valley, is as follows (pp. 82 and 71): 

Section at head of Salt Oreek. 

(TRIASSIC.] 
Feet; 

1. Light-red sandstones, massive}- ____________________ -----_------·-----_-----.----- •..• · •. __ 600 
2. Dark-red shales------------- . . 
3. Massive blood-red sandstones ............... - .... _- ......• - ~--- •. --.--- .. - ••. - •.... _ •.. _ 700 

4. Brown sandstones with inter laminated red shales .... - . " ... - .. -- ................... __ .... .. 300 

1,600 

( CARBONI.FEROUS.] 

1. . Pink and red shales with conglomeritic sandstones becoming light-colored near the base 

and containing gypsum _. ___ . - .. -- ... ---.- .. - ..... -.--.----.- .. --- .. ---.----.-- ______ . 700 
2. Yellowish and black shales and sandstone with gypsum and salt. The creek, in passing the 

bluff where these beds are exposed, acquires a strong alkaline taste .. --------- •.. ___ . ___ . 300 

3. Space filled with shaly sandstones and, perhaps, bands of limestone. Beds for most part 

entirely concealed .-. __ ........ --- ............... - ..... -.- .......... ---.---- ... - ..... __ 3, 500 
4. Light yellowish and greenish shaly sandstones .. _ .. } · 

300 5. Blue limestone with Productus, crinoids, and corals · · · · · · · · · ·-- · · ·- · · ·-- ·- · ·--- · ·- · ·- · ·-

Total.-----------~ - --- : ____ __ ___ ____________________________________________________ 4,800 

aU. S. Geol. Geog. Surv. Terr., Ninth Ann. Rept .. for 1875, 1877, pp. 31-101. 
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The section as here given is compiled from two parts of what appears to be a 

single continuous series divided into its Carboniferous and Triassic portions, and 

separately described on pages 71 and 82 of Peale's report. For comparison with 
sections similarly arranged of other areas examined by him, Peale has ~ondensed 
the Carboniferous portion of this section and grouped its beds in the following 
form, which appears on page 77 of the same report: 

General section in region of Dolores River-district of 1875. 

PERMIAN. 
Feet. 

Pink conglomeritic sandstones and red gypsiferous shales ____________ . __________ • __ ••• _ 1, 000 

COAL MEASURES. 

Shales mostly arenaceous with calcareous and gypsiferous beds at the top. The beds 
are generally concealed; debris is light-yellow color _______ .. ________________________ 3, 500 

No fossils. 
' SUBCARBONIFEROUS. 

Limestone, only upper part showing fossils, indistinct and not determined. P1·oductus, 
corals, and crinoidal stems __________ . ________________________________ .- _ _ _ _ _ _ _ _ _ _ _ _ 300 

Total .. ___ .. _.-_---. ___ - . _ .. __________________ __ _______ .. _. _ .. __ ... __ .. _ ... _. _ 4, 800-5, 000 

The correspondence of this section with that previously quoted is obvious and 
requires little comment save in the case of the Permian. In the original section the 
shales at the base of this division are described as yellowish and black, while in the 
later form their color is said to be red. 

It is to be noted that the stratigraphic base of the section here is not given, 

and presumably was not observed. Peale is inclined to believe that the lowest bed 

is near the line separating the Mississippian from the Pennsylvanian. It may be 
provisionally regarded as representing the horizon of the Ouray and Leadville lime­

stones. Beds 3 and 4 are referred by Pealeto the Upper Carboniferous or Penn­

sylvanian, while 1 and 2 he calls Permian or Permo-Carboniferous. "Eastward the 

beds rapidly thin out and Nos. 2, 3, 4, and 5 disappear. No. 1 on West Creek rests 
on the granite and is made up of coarse conglomerates, especia~ly at the base, show­

ing the near proximity of land during their formation." "Along the Dolores River 
the pink conglomerates [upper Permian?] and sandstones appear beneath the blood 

red shales and sandstones that lie immediately below the massive red sandstones that 

cap the bluffs." These remarks describe the section quoted above, but appear to be 
less applicable to the Triassic exposures elsewhere. 

"The general character of the Triassic beds is as follows: A massive yellow, 
white, or pink sandstone forms the top of the series~ Toward the western part of 
our district this sandstone is calcareous. In many places the sandstones are mark­
edly cross-stratified. The color is subject to much change locally, passing from 
white, through orange and pink, into deep red. Below the massive sandstone are 
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blood-red shales, followed in most cases by massive brick-red sandstone. In Una­
weep Canyon the sandstones are laminated, while northward and westward. they 
seem to be consolidated into one massive bed. They are followed, as we descend 
in the series, by shales and blood-red sandstones, which, on the Dolores, change 
gradually into gypsiferous shales and sandstones." (P. 80.) 

The beds last mentioned are probably those which form the upper division of 
the Permian of his Salt Creek section. This description can not be strictly fitted to 

the section of the Triassic series observedin Sinbads Valley, and other sections show 

similar deviations in detail. The Jurassic consists of variegated shales and marls, 

with thin bands of limestone near the base. 
This series can most appropriately be compared with those of the San Juan 

district and of the Crested Butte quadrangle. The lowest bed seen can probably be 
correlated with that widespread calcareous horizon, the Leadville or Ouray limestone. 

The shaly sandstone above, of which Peale cites a _ thickness of more than 3,500 

feet, seems to correspond to the Hermosa formation of the San tT uan region. The · • 
Red Beds are the probable equivalents of the Dolores and La Plata formations, while 

the Jurassic is almost certainly the :McElmo formation. 
The correlation of the Hermosa formation with Peale's Carboniferous beds has 

much to recommend it, yet the latter have a 'thickness of over 3,500 feet, while the 
Hermosa contains but 1,800 feet. However, the faunal break between the Hermosa 

formation and ·the Rico is sufficiently important to suggest an unrepresented time 

interval between tho~·e formations, to which the upper beds in Sinbads Valley may 
correspond. The only fossils we have from Sinbads Valley come from near the top 

of the supposed Hermosa. The fauna is quite distinct fro~ the Rico fauna, and 
yet presents a different facies from the Hermosan fauna. So far the paleontologic 
evidence is favorable to this correlation and to the explanation suggested for tl:ie 
difficulties which arise from it. 

Lithologically the 300 feet of yellowish and black shale which Peale includes with 

the Permian is unlike the Red Beds above and more similar to the Hermosaformation, 

with which it seems to me more appropriate to unite it. This course is also justified 

by the overlap of the Red Beds portion of the '"Permian" upon the granite, as 
reported by Peale. The Rico fauna has not yet been found in the _Sinbads Valley 
section, but it may occur there, as so little is known of the paleontology of that area. 

If the Rico does occur, however, it must have undergone a lithologic change, as there 
are no chocolate or dark maroon measures at the base of the Red Beds. The possi­
ble correlation of the Rico formation with the upper member of the Maroon has 

already been suggested, and the total absence of the series in Sinbads Valley would 

be quite in line with its great reduction in the San Juan region. Assuming that the 
Rico is absent in this area~ that the base of the Red Beds begins ,with the upper half 
of Peale's Permian, and that the top ends with the base of his Jurassic, the interme-



RESUME OF " LITERATURE. 135 

diate beds would necessarily be the equivalent of the Dolores and La Plata forma­

tions combined. The massive, brick-red sandstone at the base of Peale's Triassic 

strongly suggests the Dolores formation, while the massive, light-colored upper 

portion is like the La Plata, but there is here an intermediate series, while below the 
beds similar to the Dolores 700 feet of Red Beds are found;which Peale places in the 
Permian. The total thickness of the Red Beds in the La Sal Mountain region, with 
the limits taken as above, is 2,300 feet. The Dolores and La Plata formations have 

a combined thickness of only 1,850 feet. The statement made by Cross and Spencer 
that the Dolores formation, which i's almost 2,000 feet thick in the Animas regi~m, 
i:::; reduced to scarcely half that amount in the vicinity of the La Sal lVIountains, a is 

in a measure offset by this fact, that the La Plata sandstone, which varies from 100 

to 500 feet in the San Juan region, expands to the northwest, and in the Canyon and 

Plateau regions, to two or three times the maximum figure for the' San Juan (loc. cit., 
p. 7 4). Furthermore, though the McElmo formation contains 300 feet in the Rico 

lVIountains, and though Peale assigns to his Jurassic a thickness of 250 feet, yet 900 

feet are said to be found in the region adjacent to the Rico section (loc. cit., p. 66); 

so that some of the upper beds of Peale's ·Triassic may go with his Jurassic to form 

the McElmo formation. 
Peale relates that upon "\Vest Creek bed 1 (the upper division of his Permian 

series) rests upon the granite, and that over large areas his Tria~sic beds occupy a 

similar position. The interpretation of these facts which is to me the most probable 

is that the~ record two distinct episod~s of submergence, if, indeed, it be granted 
that Peale has successfully performed the difficult task of correlating or tracing the 
variable members of his Red Beds sections. It may prov_e, however, that the con­

glomeratic beds on West Creek which he considers represent the upper member of 
his Permian are really identical with those producing the Triassic overlap; that there 

was a single submergence; and that parts of the section have been duplicated. In 
any event there appears to be a sort of unconformity between Peale's Permian, or at 

least the upper and larger portion of it, and the beds supposed to represent the 
Hermosa formation. As previously mentioned, there is evidence of this also in the 

fact that the Hermosa jn Peale's area is so much thicker than farther east, and that 
the upper portion carries a somewhat different fauna. These speculations, however, 

are ·subject to sueh varying possibilities that in the absence of accurate stratigTaphic 
tracing or the means for paleontologic correlation they seem almost futile. 

Comparing next Peale's section with that exposed in the Crested Butte quad­
rangle, it appears that if the lowest limestone of the former is really of Mississippian 

age, it is the equivalent of the Leadville limestone. The shaly sandstone above the 

limestone would then represent the Weber combmed with the lower member of the 
------------------------·-·· ·--·-··---------------- - ··-- --------- - -----·-··----------------------- ----~ 

aU. S. Geol. Surv., Twenty-first Ann. Rept., pt. 2, 1900, p. 67, 
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Maroon formation, while the upper heavy sandstone of the Triassic, together with 
the overlying Jurassic, would represent the Gunnison formation. Peale's Permian 
and the lower . part of his Triassic apparently have no equivalents in the Crested 
Butte quadrangle, where there is an important unconformity between the Maroon 
and Gunnison formations~ but they probably do find expression in the Red Beds 
which · overlie the Maroon at Aspen and other points farther north. The upper 
division of the Maroon has no lithologic equivalent _in the Dolores River region. 

Peale's district for the season of 1876 a was again called the Grand River 
district, and the extent and character of the geologic section seems to be similar to 
that described in the report for 1875. 

On the south side of Grand River there are a few isolated Bxposures of granitic 
rock, but neither Silurian nor Devonian was recognized. Upper Carboniferous 
beds were found in Paradox Valley and in the canyon of the Dolores, but ""both 
the localities noted on the map were seen from a distance, and therefore no details 
respecting them can be presented. They are probably_ similar to the rocks of the 
same age showing farther nortli and west, which were described in the · report 
for 1875 (p. 71). * * * The line separating them from the Trias has been 
arbitrarily fixed, as the soft sandstones and gypsiferous shales are much like the 
beds forming the base of the Trias." Another but unimportant outcrop is said to 
occur on the Grand River below the mouth of the Dolores. 

Speaking of the Juratrias, he says: ~'The line separating the Triassic from the 
Jurassic is almost as obscure as that separating the Carboniferous from the Triassic. 
The line has been drawn lithologically, the . massive red sandstone being. considered 
the top of the Triassic." Of the latter, he remarks: "A massive red sandstone, 
becoming lighter colored toward the top, cross stratified at many places, is the pre­
vailing characteristic rock. Its thickness is from 500 to 1, 000 feet. The beds become 
laminated below, and gypsiferous, passing gradually into the Upper. Carboi:tiferous." 
The Jurassic is said to consist of '' soft greenish and gray argillaceous and arenaceouF 
shales and marls near the top, passing into the Lower Dakota sandstone, and dull, 
reddish, laminated sandstones and shales at the base." 

Along Grand River the lithologic line separating the Trias and Jura is better 
defined. "The sandstones forming the upper part of the Red Beds are very mas­
sive, and the shaly beds just above contain thin beds of limestone. Below the 
massive sandstones come blood-red shales, followed by massive sandstones, gen­
erally of a deep-red color, although in many places the color fades, to almost white. 
The thickness exposed is nearly 500 feet, which represents only a portion of the 
formation." 

The correlation of the beds thus briefly described would apparently be the same 
----------------------~--------------------~--------------------------

aU. S. Geol. Geog. Surv. Terr., Tenth Ann . R ept .. for 1876, 1878, pp. 161-185. Ibid., p. 178. 
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as that suggested for the similar section described in the report for 1875, and it is 

similarly uncertain. The Lower Dakota of Peale's report may be safely correlated 

with the Dakota of Cross's and Spencer's Rico Mountains section, and his Jurassic 

is, in a general way, equivalent to their McElmo formation. Peale gives a gener­
alized section of his Jurassic beds, to which a thickness of 200 feet is assigned. 
At the base is a white sandstone, which may represent the whole or only a part of 

the La Plata sandstone. In either case Peale's Jurassic is considerably inferior in 
thickness to the McElmo formation. 

By analogy with his Carboniferous series of the year previous, part of that for 

1876 would represent the Hermosa formation and part would belong in the Red 
Beds. Indeed, in the passage quoted above, he calls attention to the similarity of 

the soft sandstones and gypsiferous shales forming the top of his Carboniferous to 

the beds forming the base of the Trias. Probably 700 feet of his Salt Creek section 
(which in 1875 he called Permian) should go with the Trias ( ?). The upper portion 
of his Carboniferous series, therefore, together with his Triassic, and possibly the 

white sandstone at the base of the Jurassic, probably represent the Dolores and 
La Plata formations. As the Triagsic is said to measure 500 to 1,000 feet, possibly a 

maximum of about 1, 700 feet would represent Peale's measurements, and this is not 
far from the combined thickness of the Dolores and La Plata given by Cross and 

Spencer, though all these formations appear to vary greatly from point to point. 
Peale's measurements made the year previous are considerably larger. He had 

then 250 feet of Jurassic and in the Salt Creek section 1,600 feet of Triassic. 
In 1901 Elmer S. Riggs described the Dinosaur beds of the Grand River Valley 

of Colorado. a The section treated by this author consists of so-called Mesozoic strata 
of this region, which is the vicinity of the Dolores, Grand, and Uncompahgre rivers. 
The lowest of these beds rest upon granitic rock and are referred to the Trias. The 
Trias is represented by a massive ledge of reddish sandstone, slightly cross bedded, 

and weathered in peculiar pinnacle and dome-like shapes. Below this is a softer 
stratum of vermilion-colored sandy shale, the entire thickness being about 400 feet. 

These are followed above by Jurassic strata, which range from 600 to 700 feet in 
thickness and admit of four subdivisions. The lower or marine Jura is from 100 to 

120 feet in thicknes_s, and consists of bluish and grayish gypsum-bearing clays in 
which thin layers of fine-grained sandstone and nodular ledges of limestone are inter­

spersed. The latter are never more than 6 or 8 inches in thickness, and are usually 
from 3 to 5 in number. In no instance were fossils found in these measures. Above 
this lower member lies a stratum of greenish shale about 100 feet in thickness, and 

then a darker zone 40 or 50 feet thick, containing frequent ledges of cross-bedded 

sandstone, and at the top a series of variegated clays reaehing a thickness of 300 or 

a Field Columbian Museum, Publication 60, Geologic series, vol. 1, No. 9, 1901, pp. 267-274. 
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more feet. The Jurassic strata have no bearing upon the present discussion, though 
possibly the Triassic ones, which may be partially equivalent tothe Wyoming sand­

stone, are germane to it. It is to be noted in this connection that Riggs conceives 

the granitic roc~ beneath the Triassic to be of intrusive origin (see pl. 39), but this 
formation has been regarded by the Hayden survey, and usually, I believe, as 
Archean. 

It seems that the Jurassic beds. of this paper, which have a thickness of 500 feet, 
are the same as the McElmo formation of the Telluride quadrangle, and they here 

have about the thickness as well as the character of that formation as it appears in 
the Rico region. It is also the ~ urassic or" Peale, though considerably thicker; and it 
does not contain the basal white $andstone which Peale in his report for 1876 includes 
in the Jurassic. 

The Triassic is comparable in character and thickness to the beds discriminated 
by Peal~ under the same name in 1876. His Tria§sic of 1875 was much thicker. The · 
character of Riggs's Triassic is similar to that of the Dolores formation, but it is 
thinner. It is difficult to understand the absence of the La Plata in Riggs's section. 



RECAPITULATION OF PALEOZOIC FORNIATIONS. 

It is proposed in the following pages to give a brief summary of the historical 
geology of the Paleozoic strata of Colorado. My discussion will be limited geolog­

ically to data furnished by the literature, and paleontologically to the literature and 

to the Carboniferous faunas which have come into my hands. Perhaps a considera­
tion of the Carboniferous strata is all that is strictly appropriate, but the distribu­

tion of the older Paleozoics is not without a bearing upon the mutual relations o;f 
land and water during Carboniferous time, and this in turn is prime in importance in 

the matter of the relations of the Carboniferous sediments and faunas. 
The presence of Paleozoic sediments is dem_onstrated over extensive areas in 

Colorado. They are concealed over large areas by later deposits, and in places their 

1 absence is an established fact; but I believe that originally they may have existed 

almost continuously over the State. Even if preserved from post-Paleozoic erosion, 
however, it seems improbable that the different groups would have had the same 
distribution, owing to erosion and disturbances within Paleozoic time itself. 

The only Paleozoic strata at present known in Colorado are those of the Cam­

brian, Ordovician, Devonian, Mississippian, and Pennsylvanian eras, which are rep­
resented in an imperfect and fragmentary manner. This condition is doubtless in 

part due to original deposition, but is, I believe, in larger measure than generally 
admitted, the effect of periods of Paleozoic erosion. The Cambrian, Ordovician, 

Devonian, and Missis~dppian beds are reduced to comparatively insignificant thick­
ness, and though these strata underlie broad areas, their outcrop is chiefly linear, 

following that of the present Archean and Algonkian masses. In some cases Carbon­

iferous or later deposits are brought by overlap into direct contact with the Archean. 
Some of the areas where early Paleozoic sediments might be expected, but are 

apparently lacking, are very extensive. Much of the work done in Colorado so far 
has been of a reconnaissance character, greatly deficient in detailed measured sec­

tions, careful tracing of beds, and the accumulation of paleontologic evidence. Thus 
it seems probable that thin measures of Cambrian or other Paleozoic sediments may 

have been overlooked, but in some cases they are obviously lacking. 

It is generally true that where one of these earlier Paleozoic groups is found the 
others also are present, but while this holds good in a general way, important excep:­

tions occur. 
139 
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The Upper Carboniferous formations, however, are much more important in the 
ma.tter o:f thickness; their outcrop covers extensive areas, and their distribution con­

forms only partially to that of the earlier Paleozoic:;. The largest body of Paleozoic 
· outcrop in Colorado is that in the central portion of the State, and as the Paleozoic 

. section is rather surprisingly uniform over this area the most advantageous manner 
of approaching the subject will be to consider the sediments and faunas of this region 

first, and to compare with them those of surrounding districts. 

CAMBRIAN. 

The Cam brian of central Colorado has been named the Sa watch quartzite. In 
the Crested Butte quadrangle this formation, which is extremely variable in thickness, 

permits of being divided into two portions. The lower division, which is from 50 to 

200 feet thick, is a white quartzite, and has a persistent conglomerate of pure white 

quartz at the base. The upper division, with a maximum thickness of 150 feet, is a 
red, ferruginous, and somewhat calcareous sandstone. In it a few fossils of the 
Potsdam type have been found. This divif'ion is in places entirely wanting, as at the 

head of Taylor Creek. 
The Cambrian about Aspen bears the same name and is essentially identical in 

its physical characters with that of the Crested Butte quadrangle. It is thicker to 
the south, where it measures 350 or 400 feet, but gradually diminishes northward, 

where it is 200 feet or le$S. Spurr does not recognize two divisions, as does Eldridge, 
but describes it as consisting a.t the base of a thin bed of conglomerate, which soon 

passes upward into fine white quartzite. The upper third is not so compact and pure 
as the rest, and consists of dolomitic quartzite, glauconitic grit, and sandy dolomite. 
The glauconitic grit has a peculiar reddish color, and others of the upper beds are 
stained with iron. 

In his Eagle River section Peale described 604 feet of siliceous rocks which I 
think must represent the Sawatch quartzite. At the base is 400 feet of white quartz­

ite which he identifies as Primordial, the remainder of the section being referred to 
the Calciferous. This consists of 10 feet of glauconitic sandston~ at the base, with 
quartzite and sandstone above. Both Eldridge and Spurr have described the Sa watch 

as being glauconitic,- and Spurr regards this as a characteristic feature. Peale does 
\ 

not mention the reddish sandstones to which Eldridge and Spurr make · reference, 

but if the glauconitic sandstone of his section can approximately be correlated with 
the similar bed in the Sawatch quartzite at Aspen, the horizon appears to be repre­
sented, even if that lithologic character is lost. 

At Red Cliff, according to Tilden, the entire sedimentary series below the 
Leadville limestone has a thickneHs of only 250 feet, and consists throughout of 
quartzite and sandsto:Ue. A few feet at the top of this series are refer~ed to the 
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Silurian, and are, I understand, supposed to represent the Parting quartzite. A 
simpler interpretation would be to refer the entire quartzitic series to the Cambrian, 

and to suppose the Yule and Parting formations to be absent~ owing, possibly, to the 

unconformity noticed at Leadville between the Leadville limestone and the Parting 
quartzite. The Cambrian at Red Cliff would then be somewhat intermediate in 

.thickness as well as in position between the Eagle River section, where it is at least 

400 feet, and that of the Tenmile district, where it is from 160 to 200 feet. 

In the Tenmile district and the area adjacent the Cambrian, which here also is 

called the Sawatch quartzite, has a thickneRs of from 160 to 200 feet. It consists of 

the typical white quartzite, with a conglomerate at its base, but seems to lack the red 

sandstone which distinguishes its upper portion at some points. However, it is said 

to pass upward into reddish and greenish argillaceous and calcareous shales, in which 

have been found fossils belonging to the Dikelloceplwlus. fauna of the Upper 
Cambrian. 

Of the Grand River area north of the Eagle and the Grand we have little or no 
precise knowledge. The indications are, however, that the Sawatch quartzite with 

all its distinguishing characters will be generally found there wherever the proper 

horizon is hrought to view. Although, aside from the sections mentioned above, our 

information is of a reconnaissance character, in view of the frequent mention by 
g~ologists of 'beds of quartzite of the character of the Sawatch and at the right 

horizon, the wide distribution of this formation in central Colorado is certain. 

The Sa watch quartzite at Leadville, called in the Leadville monograph the Lower 

quartzite, has an average thickness of about 150 to 200 feet. The lower 100 feet are 

composed of finely and thinly bedded white saccharoidal quartzite, with a fine­

grained conglomerate at its base. The upper 50 feet are shaly in character and more 

or less argillaceous and calcareous, and transitional to the Silurian limestone. above. 

On the east side of the Mosquito Range, however, the thickness is in some cases 

diminished to 40 feet. The upper division, which weathers brown or rusty, is 

extremely variable. On the east flank of Quandary Peak a species of Dikellocephalus 
near D. minnesotensis was found at an horizon apparently above the main body of 

quartzite and near the base of the transitional series. 

Y\' e may infer from Stevenson's account . that the Sa watch, as part of his 

Silurian group, is more or less continuously exposed from the Leadville district, · 

where it was first distinguished, to the southern limit of the South Park region. 

His section, made at Arkansas Canyon, represents it as a grayish-blue fine-grained 
quartzite resting on hornblendic gneiss and overlain by limestones whose faunas 
show them to be post-Cambrian in age. The thickness is not given, and the red, 

sandy member, which elsewhere appears in the upper portion, seems to be missing. 
Endlich's observations upon this area are confined to the southern portion, and . 
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are, l fear, not to be whollyrelied on. In one case he describes at a certain "station 
56" yellow and br9wn quartzites resting upon porphyritic granite and followed by 
white and pink quartzite, the~ by shales and yellow quartzite, and finally by blue 
limestone and gray shales, which are .. ~robably Carboniferous. The other section, 

made at ~tation 53, shows a different. s'eries. Resting on granite is a heavy quartzitic 

limestone, which can hardly be older· than the Ordovician, and this is followed by 

thin shales, gray limestone, white, yellow, and pink quartzite and red sandstone, 

yellow and brown sandy shale, gray limestone, gray shale, sandy shale, dark blue 
limestone, and brown sandstone. · The gray limestone near the 'top of the section 

appears to belong to the Lower Carboniferous. 
The section first mentioned can· probably be best ~nterpreted by taking the 

porphyritic granite as an intrusive, and considering the basal quartzite as the Parting 

formation and equivalent to the very similar quartzite of the other section made at 
station 53. Unless the granite of the latter is also an intrusive it would appear that . 

through nondeposition or ancient erosion the Sawatch is wanting in places even in 
the South Park region, so that the Yule rests directly upon the Archean. 

Endlich found the "Silurian," under which title the Sa watch quar.tzite is else­
where included, in small quantities south of the Arkansas, and the Hayden Atlas 

shows the Silurian color in the northern end of the Sangre de Cristo region bordering 

the river. In section c of the San Luis district Endlich describes the Silurian as 
€~onsisting of light-colored quartzites of yellowish, bluish, and reddish tints, con-

. formably stratified with the superincumbent gray to bluish limestone with siliceous 

segregations (p. 338). These beds certainly suggest the Sawatch quartzite and 

Yule limestone of standard sections, and Endlich states that lithologically they are 
identical with the Silurian north of the Arkansas. As described by Endlich, the 
lit~ologic resemblance is in some cases striking, but an unexplained contradiction 

seems to exist i1_1 stratigraphic position. In Endlich's Fossil Ridge section (Elk 
Mountain region) only the limestone is cited, the quartzite, if present, probably 

lying unexposed ·beneath it. In the series 9-escribed as occurring at station 53, north 
of the Arkansas, both quartzite and limestone are found, but with their relative 
position the reverse of that recorded in section c, for the quartzite there rests upon, 
not under, the limestone. In the section at station 56, also north of the Arkansas, 
only the quartzite is found, resting upon a porphyritic rock which probably can 
be best interpreted as an intrusive concealing the limestone wh,ich, as at station 53, 
near by, lies beneath the quartzite. From its reported position in the two sections 

north of the Ar~ansas, the quartzite must be regarded as the Parting formation, 
while in that cited from section c . it must be the Sa watch. It seems, therefore, 
either that Endlich's correlation of the beds is faulty, or, what is not improbable, 
that his observations as to the position of the quartzite is in error in one case or the 
other. 
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Southof the Arkansas border____:_that is, over almost the whole of the Sangre de 

Cristo reg-ion,-the Sa watch, together with the. qther early Paleozoics, is lacking, per­

haps through nondeposition, but more probably, I believe, through erosion prior to 

the deposition of the Arkam;as sandstone !Vhich rests for the most part upon the 
granitic foundations of the range. However, on the west side of the . Sangre de 

Cristo Range, in the vicinity of Culebra Peak, in an area mapped by Endlich as 
Arkansas sandstone~ the Van Diests have recorded the occurrence of beds which 

. probably represent both the Sawatch· quartzite and the Yule limestone. 
The identification in this case, though based only upon lithologic character and 

geologic position, is fairly conclusive, and this isolated occurrence makes it not 
improbable that similar disconnected areas of older I:aleozoics may be discovered in 

this and other regions where they now seem to be wanting. 
In the Uinta Mountain region the section is so different from that of centr~l 

Colorado that a comparison of the lithologic sequence without further means of 
paieontologic correlation is hazardous. The great formation which Powell desig­
nates the Red Creek quartzite must belong to the series now called Algonkian. This 

. is immediately overlain by the Uinta sandstone. 1£ the recognition of this forma­
tion by geologists of the King survey as the equivalent of the Weber quartzite of 

the \Vasatch 1'Iountains be correct, since the latter is of Pennsylvanian age, the Cam­
brian would appear to be absent in the Uinta Mountains. Yet, as the Uinta sand­
stone is so much thicker than the \Veber formation, it is possible that its base may 

comprise an undifferentiated series belonging to the Sawatch quartzite, and even that 

other pre-Carboniferous horizons may be represent~d there by siliceous equivalents. 
On the whole, however, it seems to me probable that the Uinta sandstone comprises 

Carboniferous strata above, with probably a considerable thicknesss of Cambrian 
beds in its lower part. 0 nfortunately, about the exposures north of Eagle River, 
whose conduct might afford a clue to their relation with the Uin~a section, very little 

is known. 
Along the Front Range the Paleozoic are largely concealed by the Red Beds, 

though I have no doubt that they are present somewhere to the east, under the 
plains. The Cambrian outcrops but scantily along the Front Range, and it is no 

longer the white quartzite which formed such a distinctive feature of the Sawatch, 
but is composed largely of reddish sandstones, resembling rather the upper beds of 

the ~Sa watch and the Cambrian of the Black Hills. In the Pikes Peak quadrangle 

Cross describes it as follows: 

'"No Cambrian formation is represented upon the map, although it is probable 
that a small thickness of quartzite and of cherty limestone below the Manitou Silu­
rian limestone belongs to that period. In Manitou Park and near Manitou Springs 

- brachiopod shells, Lingulepis and Obolella, have been found in quartzites beneath 
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the Manitou limestone, and the cherty limestone at the base of the series in Garden 
Park has yielded a trilobite Ptychoparia. "· 

Peale, in his report for 1873,a gives a number of sections near Trout Creek and 

in Manitou Park, or, as he calls it, Bergen Park. In the section across Trout 

Creek, just below the canyon (sections No. 4 and 5 on page 208), the series consists 
of (1) granite, (2) yellow sandstone, (3) pinkish sandstone, (4) dark, purplish-brown 
sandstone, (5) green sandstone, and (6) blood-red calcareous .sanqstone. Of these there 
are about 100 feet. From the upper bed Lingulepis and Obolus are cited. Above 
the fossiliferous horizon occur pink Jjmestones (7) with an extensive, Ordovician 

fauna. Peale refers 6 and 7 to the Quebec group, and the sandstones below to the 

Potsdam . . The two genera cit~d from 6, however, are, if correctly identified, clearly 
indicative of Cambrian, while the fauna o-f 7, t~ough not without contrad~ctions, 
probably indicates Ordovician. On a small stream flowing into Trout Creek (section 
-, p. 207) he gives. 40 feet of yellow, brown-purplish, and green sandstone resting 

on a granite, which, with little doubt, reptesents the Cambrian of the preceding 
section, and these are succeeded by 130 feet of Manitou ~ limestone. Another small . 

tributary of Trout Creek gives the following section: (1) Granite, (2) white and 
yellowish sandstone, (3) pink sandstone, (4) dark, purplish-brown sandstone, (5) 

green sandstone, (6) brick-red shaly limestone, (7) pale-pink and gra;y: limestone, 
(8) pink limestone (sec. 7, p. 209). The sequence here is the same as in sections 4 

and 5 preceding, and as the limestones are said to contain the same fossils it will he 
necessary to draw the Cambro-Silurian line at the top of bed 6, giving the Cambrian 
a thickness of 86 feet. 

Passing now to the very margin of the Front Range, the early Paleozoics are 
represented by the Hayden atlas as absent over all the northern portion from the 

Wyoming line southward to Manitou Park. King, however, held the view that into 
an unfossiliferous . series of red limestones and reddish sandstones only 150 feet 
thick, occurring below a thickness of Red Beds measures in which Upper Carbon­

iferous fossils ar~ found, the whole of earlier Paleozoic time is condensed. This 
series, which he correlates with the "Potsdam" of the Black Hills, he include~ 
under the Carboniferous color in two bands which extend along both fl·anks of the 

Colorado Range, and on its eastern side reach a short distance into the State· of 
Colorado, where a similar area is represented (as Carboniferous) on the Hayden 

maps. While it is possible that the series thus differentiated by King is of Cam9rian 
age, the evidence so far adduced is very slight. It nevertheless resembles lithologi­
cally, those beds farther south along the range whose fossils seem to demonstrate 
their Cambrian age, as well as the Cambrian of the Black Hills. 

Although not represented upon the Hayden maps, Cambrian beds probably occur 

aU. S. Geol. Geog. Snrv. Terr., [Seventh] Ann. Rept., for 1873,1874, pp.193-273. 

r . 
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in Pleasant or Perry Park, the series to which I refer being apparently included by 
Hayden in the Carboniferous. 

We have two sections of the Perry Park beds, one by Peale and the other by 

Lee. These have been discussed and a certain lack of agreement pointed out. 
Peale's series is as follows: 

Section at Perry Park. 
Feet. 

8. Fossiliferous limestone with chert pebbles ............ ____ .. _........... 6 

7. Irregular limestone, with pebbles of chert and limestone_._ ... ___ ....... 3 

6. Red calcareous sandstone .......... __ . _ .. _____ .. _ ... __ .... _ .. _ .. __ . __ . 3 
5. Compact red sandstone .. ____ . _. _ ... _____ . __ . ___ . __ . __ .. __ .. ___ . _. _ _ _ _ 15 

4. Dark-purplish cherty limestone. ____ .. ____ .. ____ . ___ _ ...... _. ___ .. _ ... _ 3 

3. Red calcareous sandstone ... __ . _____ . ____________ ..... ___ .. _ ... _____ .. 4 

2. Very coarse white sandstone .. __________ . _____ . __ ... ______________ .. . _ 80 

1. Granite. 

This first is of Carboniferous age, the equivalent of Cross's Millsap limestcne. 
It seems to me probable that the lower beds of this section, possibl}r even from 2 to 

6, inclusive, may be Cambrian. 
Lee found some quartzites overlaid by cherty limestones, not m Perry Park 

itself, but :;orne distance to the south. The quartzite he believes to be of Cambrian 
age, and the same as the Cambrian quartzite of the Pikes Peak quadrangle. The 40 
feet of coarse-grained crumbling sandstone at the base of his Carboniferous section 
in the park is evidently the same as the basal sandstones of Peale's section, which 
seem by analogy 'with other sections to be Cambrian. 

In the vicinity of Colorado Springs, Peale gives a section, which is No. 3 on page 
201 of the same report. The series here is as follows: 

Section near Colorado Springs. 
Feet. 

5. Brick-red sandstone, with green layers ______ . __ .-.: . ... _._____________ __ 20 

4. Coarse gray sandstone . __ . ____ . ......... " ... ____ ... _. _ .. ___ . . . . . . . . . . . 6 

3. Coarse dark-green sandstone~ ___ .. _. ____ ...... __ .. __ . __ .. _._ . ... _._._. 4 

2. Coarse grayish-white sandstone. ____ ._. __ . __ . ____ .. _._. ____ .. _._._..... 20 

1. Granite. 

Peale says (p. 202) : "Beds Nos. 2 to 5 I have referred to the Potsdam group, 
while those just above are undoubtedly of the Quebec group, as in beds lithologically 
the same on the western side of the range I found characteristic fossils." This is 

not altogether conclusive, but certainly the correlation suggested appears the most 

satisfactory one. Yet it is possible (though not probable, since that formation is not 
found in Manitou Park) that these lower beds are the Harding sandstone, which 

Cross says on the southeast side of the range rests locally on the basal cherty 
. limestone (Cambrian), or even on granite. The beds immediately above 5 are red 

limestones, from which no fossils are known, but which Peale refers to the 
14364-No. 16-03--10 
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Quebec group. Cross -also visited Manitou Park in connection with the work of the 
Leadville monograph. He found about 50 feet of reddish-brown sandstone resting. 
upon the Archean and · succeeded by about 200 feet of calca,reous sandstones .and 

shales of variegated colors, red prevaili~g, which · pass up into white or drab 
limestones; s~metimes containing chert secretions and alternating with sha.ly beds. 
The lower beds furnished a Lingulep 'ls related to L. pinniformis, while from 60 to 
77 feet above, an Ordovician fauna was obtained. The limestone is without doubt 
the Manitou limestone, and the .Cambrian is correlated, by Emmons, with t.he Lower 
quar~zite (Sawatch (}uartzite) of the Leadville area. In the Pikes P.eak quadrangle 
the Cambrian is reported · fl.s· present, but in measures too thin to be given · separate 
representation upon the map. It consists of quartzite and cherty limestone. 

In Walcott's Canyon section no paleontologic evidence has been found to indicate 
the presence of Cambrian, and there hardly seems room for it below the earliest 
Ordovician strata. It appears, there.fore; best to regard the Cambrian as abs~nt at 
this point:' Walcott's section rests immBdiately upon the Algonki~n, and Cross's 
remark regarding· the Harding sandstone, which I have quoted above, was apparently 
made with reference to a case similar to this. 

No Silurian, under which term the Hayde? geologists. included also Cambrian, is 
represented in the Hayden atlas · along th~ mountain f~ont south of 'the Canyon 
outcrop, and at some points it is almost certainly wanting, as in Lee's section in 
the . Sangre de Cristo Range west of Trinidad, near the southern border of the 
State. Indeed it is probably wanting over much of the range e:xcept its northern 
portion, but E. C. and P. H. Van Diest have shown it and the Yule ' limestone . to 
exist on the west side of the Sangre de Cristo Range near Culebra Peak, as ·I have 

. already mentioned. The evidence is purely lithologic and str~tigraphic, but t4e 
occurrence seems to be authentic. The formation here· is a white quartzite with a 
basal conglomerate closely similar to the typical Sa watch quartzite. 

In the San Juan region the Cam brian is probably represented by the 200 feet 
of yellow, white, red, and brown quartzites oc.currin.g below the Ouray li~estone: 
These were tentatively placed as the lower member of the Devonian by Cross -and. 
Spencer, but their Cambrian age is suggested by their lithology and stratigraphic 
position when compared with other Colorado sections, and by the fac:t that Mr. Cross 
has found among · some talus very probably belonging to this. formation, a block of 
quartzite covered with linguloid shells which can·apparentlv be referred to the genus 
Lingulella. 

In the valleys of Grand and Dolores rivers and many of their tributaries the 
Cambrian appears to be unrepresented, the Carboniferous in some cases arid in others 
sediments of later age resting immediately upon the Archean. 

Two of the most marked peculiarities of this formation are · its diminution in 
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thickness eastward, and its change of character along the Front Range. Its 
thickness in · the Crested Butte quadrangle is from 50 to 350 feet~ near Aspen 350 

to -:fOO feet in the south and 200 feet or less in the north. On Eagle River it is 604 

feet (Peale); at Red Cliff 235 feet (Tilden); in the Tenmile district 160 to 200 feet; 
in the Leadville district 150 to 200 feet. On the east side of the Mosquito Range 

it is only 40 feet; in Manitou Park, at different points, 40, 86, and 100 feet (Peale); 
in Perry Park 105 feet (Peale)~ at Colorado Springs 50 feet (Peale); in the Pikes 

' Peak quadrangle, too thin to be mapped; at Canyon (and all . but a few places along 
the Colorado an'd Sangre de Cristo ranges) absent; near San Luis 160+ feet (Van 
Diest); in the San ~ uan_ region 0 to 200 ~eet. It seems to be generally present over 
the Grand River, Elk Mountain, and South Park, and in the northern end of the 
Sangre de Cristo areas. 

· The Cambrian of the Front Range for the most part seems to consist of reddish 
sands.tones more or less comparable to the Black Hills Cambrian and to the upper 

. part of the Sawatch quartzite which rests upon white quartzite in the Crested Butte 
district and · elsewhere. If the -red sandstones of the Front Range do prove to be 
the same as the reddish .part of the Sawatch considerable evidence of an unconfor­
mity between its two members seerps to be furnished by the fact that the red 
member is lacking in some areas (e. g~, on Eagle River, at Red Cliff, and locally 
at Crested Butte), and the white quartzite is lacking in others (along the Front 

Range). 
ORDOVICIAN. 

There is . no evidence of the presence of Upper Silurian strata in Colorado. 
The only Silurian known is that of the Ordovician, though many of the older surveys 
employed this tern1 to include the Cambrian also. In central Colorado this is a lime­

stone formation, and has received the name of the Yule limestone. The Silurian is 
not a formation of great thickness anywhere in the State. Its outcrop is linear and 
generally follows that of the C~mbrian Sawatch quartzite. 

In the Crested Butte quadrangle, its typical area, the Yule limestone is assigned 
an aggregate thickness of 350 to 450 feet. Three subdivisions are recognized, the 
lower of which consists of quartzite, the middle of limestone, and the upper of marly 
variegated beds. The quartzite, 75 to 100 feet thick, is generally white, often cal­
careous, and contains indistinct fo~sil remains. The limestones of the middle division 

are 250 to 280 feet thick, lig·ht colored, thin bedded, frequently siliceous, espe­
cially. at the base, and carry grayish-white cherts. They contain characteristic 
fossils, among which may be mentioned the fish scales abundantly found at this 
horizon near Canyon. The upper division is 60 to 90 feet thick, and its horizon is 

· said to be wonderfully persistent in retaining the sa-.;ne lithologic characters. 
In the Aspen district, to the Silurian are referred some pure dolomites of light 

gray-blue color, hard and compact, with a fine frosty luster. They are also some-
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what siliceous. 'Like the Cambrian, these beds are said to thick~n toward the south 
and to range from 250 to 400 feet. It seems to me probable that Spurr's Silurian 
corresponds to only the middle division of the three :which Eldridge makes in the 
Yule limestone, for the upper division of Eldridge's section Spurr correlates with 
the Parting quartzite. The lower division may not exist at Aspen or elsewhere, 
and is in fact very variable at Crested Butte, being even wanting in places. It is 
more like Spurr's Cambrian than his Silurian, and thel:e seems a possibility that the 
line between Cambrian and Ordovician may have been variously taken in different 
areas. The occurrence of a glauconitic horizon, to which Spurr calls attention, in 
the upper part of the Sawatch in the Crested Butte and Aspen districts, and in 
Peale's Calciferous group on Eagle River, seems to warrant a provisional correlation. 
Above the glauconite at Aspen occur sandy dolomites of unrecorded thickness, while 
above the glauconitic sandstone in Peale's s~ction are found about 175 fe~t of sand­
stone and, quartzite that may represent the quartzite series at Crested Butte which 

Eldridge, apparently upon fossil evidence, separated from the Cambrian and placed .• · 
in the Ordovician. The lower member of the original Yule limestone, therefore, 
probably represents the transitional beds elsewhere grouped with the Sawatch 
quartzite. 

In Peale's Eagle River section the quartzite and sandstone of his Calciferous 
group are succeeded by 219 feet of light colored magnesian limestone. This is the 
Yule limestone. Spurr found this formation to be thinning toward the north. Its 
thickness in the northern portion of his area was 250 .feet, and its reduction to 219 
feet in Peale's section is quite in line with this observation. 

Tilden describes the entire section below the Leadville limestone at Red Cliff 
as consisting wholly of quartzite and san~stone, with a total thickness of but 250 
feet. He denominates a few feet at the top of this series as" Silur.ian quartzite," by 
which may be meant the Parting formation, and while it seems more probable that 
this, like the be~s below, is Cambrian, there is evidently nothing i~ the sub-Leadville 
3eries which invites corpparison with ·the Yule limestone. 

In the Tenmile district the Yule limestone is represented by a series of light 
drab-colored limestones, which are often magnesian and always mol'e or less siliceous, 
sometimes passing into calcareous sandstone. Their thickness averages 120 to 160 
feet, and the scanty paleontologic evidence determines their age to be probably 
Ordovician. 

In the Leadville district this formation was originally called the White limestone, 
and was said to consist in the main of light drab dolomite, with from 10 per cent 
upward of silica. It is characterized by -concretions of white, semitransparent 
chalcedony or chert. The average thickness is 120 to 160 feet. 

Farther sout};l in the Mosquito Range our information is less ·satisfactory. 
Stevenson found the Silurian, under which title are included all the sedimentary for-
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mations below the Carboniferous limestone, to be pra:::.tically continuous from Mount 
Lincoln to the Arkansas, and it is thus represented on the Hayden atlas. The Silu­

rian appears upon the west but not upon the east side of South Park, apparently 

indicating an overlap of the Carboniferous at this point along a line having a north­
south trend. In the canyon of Fourmile Creek the beds referred by Stevenson 
to the Silurian consist of two limestones separated by 170 feet of sandstone, with some 

Cambrian quartzites at the base. The lower limestone is 40 feet thick, siliceous, and 
contains fossils which probably indicate the Ordovician. The upper limestone is 20 

feet thick, red, a.tgillaceous, fissile, and without distinct fossils. The intermediate 
sandstones are converted into quartzites, and it seems to me probable that they 

represent the Parting quartzite. In this event of course the upper limestone would 
not belong to the Yule. On the other hand the succession at this point suggests the 
Manitou, Harding, and Fremont formations of the Front Range. In the Arkansas 

Canyon the Yule compromises 112 feet of limestone, varying from dove color to 
black, overlain by partially altered sandstone with layers of quartzite. The latter 

probably is the Parting member, and Stevenson is, without much doubt, correct in 
correlating the limestone with the Lower limestone of the former section. 

Endlich also describes two sections in the South Park region, but without giving 
the thickness of the constituent beds. They are located in the southern portion of 
the region, but their exact situation can not now be ascertained. The beds observed 
at station 56 have at the base a porphyritic granite above which occur yellow and 

brown quartzite, white and pink quartzite, yellowish shales interstratified with 
quartzites, blue limestone alternating with gray shales, etc. It ,seems probable 

that the porphyritic granite is an intrusive rather than an Archean body, in which 
case the quartzite, because of its relation with the rest of the section, would better 

be taken as the Parting quartzite instead of the Sawatch, which would be the 
natural interpretation if the igneous basement rock were the Archean . The blue 

limestone with Orthis, crinoids, etc., would then be the Leadville limestone, while 
the red sandstone above is cleai'ly the Arkansas sandstone. In the section made at 
station 53 the beds which appear to belong to the Yule are described as a blue 

quartzitic Hmestone with crinoids and Orthocercts, separated from .a hard gray 
limestone with corals and Rponges by a thin shale bed. The gray limestone is 
overlain by white, yellow, and pink quartzites, which I take to represent the 
Parting quartzite, and to be the same series that formed the base of the previous 
section. The blue siliceous limestone rests · immediately upon coarse-grained red 
granite. It does not seem altogether probable that in this instance the granite is 

intrusive, and in the event of its belonging in the Arehean this seems to be an 

instance of the overlap of the Yule over the Sawatch member. 
The Silurian is accordingly mapped in the Hayden atlas almost continuously 

along the west side of South Park to the Arkansas River, and south of the river in 
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the northern end of the Sangre de Cristo Range. Endlich describes it ·in section c 
of the San Luis district as a gray to bh1ish limestone with siliceous segregations, 
characters which apply equally to the typical Yule of the Crested Butte district or 
to the White limestone at Leadville. It. rests upon a quartzite having the characters 
of the Sawatch quartzite. Except in the vicinity of the Arkansas River neither 
Endlich nor · Stevenson found any Silurian in the Sangre de Cristo region, and in the 
Hayden atlas it is represented as missing, the Arkansas sandstone resting immediately 
upon the granitic axis of the range. 

In a recent detailed section by Lee, made near Culebra Peak, the older Paleozoics 
certainly seem to be unrepresented. E. C. and P. H. Van Diest, however; on the west 
side of the range, at a point nearly opposite Lee's section, in an area in which the Car­
boniferous color appears on the Hayden map, found not the Arkansas sandstone, but 
beds which appear to belong to the Sawatch and Yule formations. The supposed 
. Silurian rests upon the white Cambrian (?) quartzite separated only by a thin bed 
of argillaceo':JS shale, and consists · of light gray siliceous limestone about 200 feet 
thick, with others of darker color above. a Possibly other isolated occurrences simi-

·lar to the foregoing will be discovered in the Sangre de Cristo region. 
Of the Paleozoics of the central Colotado . area· which lies north of the Eagle 

and Grand rivers, we know next to nothing except that there seems to be a much 
greater development of the Cambrian and Ordovician. b 

The section of the Uinta Mountains is lithologically unlike that of the rest of 
Colorado~ and our paleontologic evidence is so incomplete and · to a certain extent so 
·contradictory that it will be useless to look there for the Yule limestone or a repre~ 
sentative of it until better information is at hand. It appears, at least, to be absent 
in its character of a limestone, and should it prove to be represented there, it must be 
by some as yet undifferentiated portion of the Uinta · sandstone. I am not unpre­
pared, however, to find that the whole Uinta series is of Carboniferous age. 

Turning now to the Front Range we find the Ordovician section, like the Cam­
brian, different from that of the interior of the State. The most complete section is 
that of the Pikes .Peak quadrangle, and I will briefly recapitulate the formations 
there found and their eharacters, before touching upon the other sections. In the 
Pikes Pea~ folio, c Cross recognizes three Ordovician formations--'-the Manitou lime­
stone, the Harding sandstone, and the Fremont limestone. The oldest of these, the 
Manitou limestone, is a fine-grained pink or reddish dolomite less than 100 feet thick, 
containing Ophileta, Oamarella, and a few other Ordovician fossils. The Harding 
sandstone bas a maximum thickness of 100 feet and is made up of fine-grained sac­
.charoidal sandstone in alternating banks of light gray and pinkish or variegated colors 

a Colorado Sci. Soc., Proc., vol. 5, 1898, pp, 76-80. 
bPeale, U.S. Geol. Geog. Surv. 'f.err., [Eighth] Ann. Rept., for 1874, 1876, p. 110. 
cU. S. Geol. Surv .. GeoL Atlas United States. folio 7. 1894. 
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with a few bands of dark-red or purplish sandy shale. It contains fish plates and 
scaleB, and a rich invertebrate fauna like that of the lower Trenton of New York. ' 

The Fremont limestone is a bluish-gray or pinkish dolomite of uneven grain. It is 
100 feet thick in Garden Park, but increases southward, reaching a maximum of 270 
feet near Canyon. It is characterized by IIalysites catenulatus, and contains also a 
large invertebrate fauna like the upper Trenton of New York. The Harding i~ 

separated from the Manitou limestone by an unconformity, and the Fremont is simi­

larly separated from the overlying Millsap limestone. As the distribution of these 

formations is f.ar from uniform, and as the Pikes Peak quadrangle contains portions 
of two distinct and different areas of outcrop, I will depart from the artificial collo­

cation of the folio and discuss the areas in their natural relations. 
Ordovician strata are known along the Front Range in Colorado at Perry Park, 

at ~Ianitou Park, near Colorado Springs, and about Canyon. 
Between the outcrops in the vicinity of Colorado Springs and those to the north 

of Canyon a small area of Silurian is represented in the Hayden atlas. Of these beds 
no description has been found, but presumably they compri::;e some of the forma­

tions discriminated by Cross in the Pikes Peak quadrangle just to the west. In 
addition to the foregoing, King distinguishes in Wyoming a series at the base of the 
Red Beds which he correlates with the Black Hills Primordial, and regards as. the 
representative of almost the whole of Paleozoic time. The beds immediately over­

lying contain Pennsylvanian fossils, and both series are included under the Carbonif­

erous color in bands extending along both flanks of the Front Range, the more 
eastern of these reaching from Wyoming a short distance into Colorado. This 

correlation with the Black Hills beds is based upon lithology and position, and 
lies especia.lly between the Cambrian of the Black Hills and of the Front Range. 
The presence of Ordovician beds in the series discriminated by .King remains an 

open question. 
The Pikes Peak quadrangle includes part of the Manitou Park tract. In this 

area only the Manitou limestone appears and it derives its name from this occurrence. 
Peale has given a number of sections in Manitou Park, and these show the foL­
lowing characters of this formation, its equivalents being ascertained as well as I am 
able. The section on page 207, made on a small stream flowing into Trout Creek, 

is as follows: 
Section near Trout Creek. 

Feet. 
3. White m~ssiv~ limestone ····-·-----··········-···········------····-·}100 
4. Shaly-wh1te llmestone ........................ ...................... .. 

5. Pink limestone .......... .................... ...... ................... 30 

6. Green sandstone ........... _ ......................... · ............. ---. 4 

7. Brown-purplish sandstone.. .......................................... 6 
8. Yell ow sandstone .......... ~ ....... _ ........ __ ... ___ ........ __ . _ .... __ 
9. Granite .. ...... . ........... ___ ... ___ .. ____ .. _. ·- . _ .• __ . _ . _ . _ ..... _ .. __ _ 
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The loweT part of .the section should probably be referred to the Cambrian, the 
Manitou limestone embracing beds 3, 4, and 5, which are succeeded by the sand~tones 
and conglomerates of the Red Beds. In secti.ons 4 and 5, on page 208, probably only 
the pink limestone forming the highest bed of the section should be referred to the 
Manitou. In it were found an Orthis like 0. desmople1tra, Euomphalus, Asapkus 
(Megalaspis), Oonocoryphe, Lingula, Bathyurus, ·and Paradoxides., ·or Olenus. Peale 
unites this with the bed 6, assigning them, with a combined thickness of about 60 feet, 
to the Quebec group, but as the blood-red calcareons sandstone (bed 6) is said to 
contain Lingulepis and Obol1tS, it seems that it should be united with the strata below 
which Peale calls the Potsdam. Another section (sec. 6, p. 208) was . made on Trout 
Creek. The lower portion was concealed, the exposures consisting altogether of beds 
which probably belong to the Manitou. These ai·e from below upward: 

Section on Trout Creek. 
Feet. 

6. Y e1lowish white limestone_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 
5. Mottled limestone __ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 

4. Purplish sandstone __ - - - - -- - - - - -- -- - - - ~ - - - - - - - - - - - - -- - - - - --- - - - - - - -----} 34 3. Red limestone _______________________________________________________ _ 

2. Light shady limestone ___________ .. __________________ ~ ______ ~ _____ ...... 20 

1. Red limestone .. _ .. _____ .... ____ . ___________ . _____ ... _ ... __ ... _ _ _ _ _ _ _ _ 26 

These give a combined thickness of 100 feet. The lowest limestone is- fossilifer­
ous, the fauna .cited indicating Ordovician. Section 7 (p. 209) was made on a small 

tributary of Trout Creek. Though no fossils were found in this section, by analogy 
with the sections 4 and 5, with which a close agreement -exists, all the lower portion 
belongs in the Cambrian, and only the 16 feet of pale pink and gray limestone (bed 7) 
and the pink limestone above it belong in the Manitou limestone. 

The beds in Manitou Park were examined in connection with the geologic work 
of the Leadville monograph~ On page 62 of this work it is stated that Whitman 
Cross obtained from a reddish brown sandstone, 45 feet above the Archean, a species 
of "Lingulepis related to L. pinn(13formis of the St. Croix sandstone of Wisconsin." 
From red calcareous· sandstone alternating with white limestone 105 to 122 feet above 
the Archean, he obtained Glyptocystites ( ?) sp., Lingula sp., Orthis desmoJ?leura, 
Metoptmna n. sp., Oyrtolites sp., Orthoceras sp., and Bathyurus s~millimus ( ?). The 
Ordovician age of this fauna is not to be questioned. It is said to be essentially the 
same as that of the upper third of th~ Pogonip limestone of Nevada. Lithologi­
cally the beds in which these fossils occur do not exactly agree with ·any on·e of the 
varying sections described ,by Peale, but they are most similar to section 6. 

The geologic section in Perry Park has been described by Peale and later by 
W. T. Lee. In Peale's section a there appears to be no equivalent of the Manitou 
---·-------------------------------------------------~--------------

aU. S. Geol. Geog. Surv. Terr. , [Second] Ann. Rept., for 1875, p . 197. 
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limestone,, though the lower part resembles the Cambrian beds of Manitou Park. 

Lee found a series of cherty limeston~s interstratified with red clay, in which were 
found Dalmanella testudinaria and other fossils obscurely preserved. indicating 
Ordovician time. This occurrence is south of Perry Park and the Ordovician there 

rests upon a deep red quartzite supposed to be Cambrian. A. similar bed exists in 
the southern part of Perry Park, where it is represented on the map as resting upon 

the pre-Cambrian and as being overlaid by Red Beds. No fossils were found at this 
point. These beds appear to be missing in the exposures on Plum Creek, according 

to both · Peale and Lee. The horizon of this formation in the Plum Creek section 
should be below· the Mississippian limestone and above the sandstones which underlie 

it, if the latter are, as I have suggested, Cambrian. To explain what now appear 

to be the facts of distribution of these formations requires an overlap of . the Ordo­
vician upon the Archean, and an erosion period followed by an overlap of the Missis­

sippian upon the Cambrian. 
Peal~ also made a section through Glen Erie, near Colorado Springs. a The 

sandstones at the base probably belong to the Cambrian. Peale refers them to the 
Potsdttm, and the beds just above to the Quebec group. The latter, ascending, is as 
follows: 

Section throngh Glen Erie. 
Feet. 

13. Red shaly limestone with fragmente of fossils (Silurian) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 
12. Limestone with inter laminated shale _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 

11. Red limestone with flint nodules ___ . ______ _______ ___ ____ . _ _ _ _ _ _ _ _ _ _ _ _ _ 7 

10. Red limestone _ .. _. _. _______________ . ________ . _. __ .. ___________ . ___ . _ 2 

9. Red shaly limestone._._ . ____ , _ _ _ _ _ _ _ _ _ _ ......... _ ...... _ .... _. _ ... _ 1 
8. Red limestone _____ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 

7. Irregularly laminated limestone ____________ .. ___ ............. ____ .. ___ 5 

6. Red and greenish limestone .. _____________ ... __ ...... _ ....... __ ...... _ 5 

These, I believe, can all be safely referred to the Manitou limestone, together 

with part of the bed following, No. 14, consisting of 279 feet of gray, purplish, and 
yellow limestone. The upper portion at least represents the Millsap formation. 
The Ordovician beds here also appear to belong to the Manitou limestone. 

The Paleozoic outcrops of Garden Park. in the southern part ·of the Pikes Peak 

quadrangle connect with those about Canyon. The section in Garden Park contains 
both the Manitou limestone, the Harding sandstone, and the Fremont limestone, 

whose description, abbreviated from the Pikes Peak folio, has already been given~ 

The geologic section at Harding's quarry near Canyon was d~scribed by G. D. 
Walcott, and it is from this series that the names Harding sandstone and Fremont 

. limestone were adopted by Cross. The Cambrian is apparently lacking in this 
section, the Harding resting directly on the Algonkian. The Harding sandstone, 
with a thickness of 86 feet, consists of gray, reddish, and purplish-brown sandstones 

U.S. Geol.. Geog. Surv. Terr., [Seventh] Ann. Rept, for 1873, p. 201. 



154 CARBONIFEROUS :FORMATIONS AND FAUNAS OF COLORADO. 

and shales, and from it an extensive fauna is listed, from which the conclusion Is 

drawn that the formation is of lower Trenton or Black River and Birdseye age. 

The Fremont limestone series consists of red and purple fine-grained aren~ceous 
shales, gray siliceous limestone, compact light-colored limestone, dark reddish brown 

sandstone, and compact light gray limestone, a · total of 274 feet. Walcott 
apparently included here 1~ to 30 feet of impure variegated banded limestone with 
interbedded · sandstones and argillaceous beds containing Carboniferous fossils. 
This, Cross later ·differentiated' and called the Millsap limestone. The fauna of the 
Fremont is large and varied and is compared with the middle and upper Trenton of 

America, or the Bala of Europe. The fauna of the Harding sandstone is remarkable· 

for its fish remains, associated with a well-marked Ordovician fauna. With the 

outcrops near Canyon, at one of which the section quoted from Walcott was made, 

the Paleozoic area included in the southern portion of the Pikes Peak quadrangle is 
essentially continuous. The section in Garden Park, however, in~ludes Cambrian 
beds, the Manitou ·limestone, the Harding sandstone, and the Fremont limestone, 
'Yhile only the Harding and Fremont are found at Harding's quarry. Furthermore, 
the thickness of the Fremont limestone in Garden Park is about 100 feet, .but it 

increases southward, and near Canyon reaches a maximum of 270 feet. This is 

partly through the _ development of an upper and highly fossiliferous member not 
seen in Garden Park (Cross). 

In the Pueb~o quadrangle the Camhrian and the Manitou limestone appear to b~ 
wanting, and possibly also the Fremont li~estone. _The beds referred by Gilbert to 
the Harding ·consist of · white sandstone and rest upon the Archean. They are 

followed in the 13ection by a series of gray and purplish limestones, some 200 feet in 
thickness, with some shale in the lower part, which Gilbert calls the Millsap lime­

stone. Near the middle of the formation was obtained Spirifer rockymontmnus, 
which is cited also from the Millsap limestone of Garden Park, so that the upper 
part of the formation at least is Carboniferous. As the Millsap is only 30 feet thick 
in the Pikes Peak quadrapgle, and as the Fremont is 270 feet at Canyon, it is unex­
pected to find the former increased to 200 feet at this point and the latter totally 

absent. Perhaps, · therefore, the lower part of Gilbert's l\'lillsap belongs in the 
Fremont, which otherwise, like the Manitou, has no representative in this area: 

The outcrop of these beds is in the western part of the quadrangle, and includes 
part of the small area which in the Hayden atlas is represented as Lower Carbonif­
erous. Endlich describes these beds as grayish limestone and shale ... with Carbon­

iferous fossils. 
This is, so far as known, the last outcrop of the pre-Carboniferous sedimentaries 

south of Canyon along the mountain front. None have yet been found on the east­
ern flank ot tne Sangre de Cristo Range, and one detailed section-that made by Lee 
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west of Trinidad-leaves little room for doubt that th y are absent at that locality. 

West of Canyon, in the northern end of the Sangre de Cristo Range, Silurian strata 

occur, and are so colored upon the Hayden maps, as h s already been remarked. 

On the western flank of the range, though no Sil rian beds are mapped by the 
Hayden survey, they have been recog·nized at one loca 'ty, at least, though the identi­

fication rests upon stratigraphic and lithologic, and no upo~ paleontologic evidence. 
The locality is northeast of the town of San Luis, nea y opposite the point at which 
Lee's section shows its absence on the east side. 
appears to belong to the yule limestone. 

Attention· has already been directed to the differen e between the Silurian section 
of the Front Range and that of the interior of the tate. The evidence is not at 

hand to determine the relationship existing between he two sets of beds. If any 

exact lithologic correlation is possible, it rests betwe n the Yule limestone on the 
one hand and the Manitou or Fremont limestone on t e other. I rather expect that 

. the correlation will be made, if at all, between the T ule and Fremont. Emmons 

correlated the Cam brian sandstone and Manitou lim est ne of Manitou Park with the 

Sawatch quartzite and Yule limestone of the Leadville section (Leadville monograph, 

p. 64). There deserves to be considered in this connec ion the occurrence of the fish­
bearing horizons in the Paleozoic rocks of Colorado, hese vertebrate remains being 

in every case of the Devonian type. They constitute a important factor in the fauna 
of the Harding sandstone and are found also in the Parting quartzite at Aspen, in 

the middle or calcareous division of the Yule limesto e at Crested Butte, and in the 

middle or shaly member of Cross and Spencer's De onian in the San Juan region. 
· The latter I believe can with great probability be paced jn the Parting quartzite 

horizon, and · the other occurrences carry the suggesti n that possibly this formation 

is the equivalent of the Harding sandstone. The sequ~nce of the Sawatch, Yule, and 
Parting formations is, therefore, suggestive of the Ca brian, Manitou, and Harding 

beds of the Front Range. In this case. the Yule would e correlated with the Manitou, 

as Emmons has suggested, nor does the occurrence o these fish remains at Crested 
Butte in the formation underlying seem to me a serio s objection to this correlation. 
On the other hand, Eldridge has suggested in the A thracite-Crested Butte folio a 
correlation of the middle or calcareous member of t e Yule formation in which fish 

scales occur, with the fish-bed in the Ordovician at anyon. Cross relates that the 

Fremont limestone is especially characterized by the ccurrence of Halysites caten·u­
latus, a fossil which is not rare in the Yule limesto It should further be bo-rne 
in mind that the lowest division of the typical Yule · s a quartzite formation appar­

ently assigned to the Ordovician on paleontologic vidence, and that in the Front 
Range an unconformity intervenes between the Har ing and Manitou beds. There 
is thus considerable evidence favorable to correlating the lower and middle divisions 
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of the original Yule with the Harding sandstone and Fremont limestone. If future 
information proves the correlation thus suggested, it is evident that the Manitou 
formation must be missing from the section of central Colorado, while the Parting 
quartzite must be missing on the eastern side of the Front Range. 

No lithologic equivalent of the Yule limestone and no strata of Ordovician age 
are known in the San Juan region. Cross and Spencer make a three-fold division of 
the beds which they refer to the Devonian, qualifying the reference by the· opinion 
that the two lower members, a quartzite and a shale, may be pre-Devonian. The 
quartzite I have already suggested as a possible equivalent of the. Saw_atch quartzite. 
The shaly member . may belong in the Ordovician, but shows a different phase of 
deposition from that which produced the calcareous division of the Yule limestone. 
It more probably represents the upper portion of the typical Yule, which Spurr 
correlates with the Parting quartzite and refers to the Devonian. 

SILURIAN. 

There is but little evidence of the existence of Upper Silurian stra~a in Colorado. 
~nimons states (Leadville monograph,.p. 61): '"Casts of a Rhynohonella, between 
R. neglecta and R. ·indianens£s of the Niagara epoch, were found in the prospect 
shaft :ln California Gulch, not far below t};le White Limestone quarry, in such a 
position that they must have been derived from the beds of this horizon .at least 50 
feet above the base of the formation." The evidence of this one speci-es is unim-

. portant, nor is the deduction drawn from it by Mr. Emmons that any portion of the 
Yule limestone is of Upper Silurian age; and in view of the extreme rarity of Upper 
Silurian strata in the west, considering besides that none are known elsewhere in 
Colorado, and that the Yule limestone has in many places furnished an Ordovician 
fauna, it is only fair to reason that (]_" pper Silurian time is not, so far as known, 
represented in the rocks of the State, and that the evidence for its existence near 
Leadville is due · to the imperfect condition of . the fossils or to HI-considered 
identifications. 

DEVONIAN(?). 

Above the Yule limestone over much of central Colorado occ,urs a second 
quartzite horizon, similar to the. Cambrian at the base of the section. This forma­
tion was first discriminated by Emmon~, at Leadville; where he called it the Parting 
quartzite, and it has since been recognized at a number of localities. At Leadville 
this formation is a white ,quartzite, of rather variable thickness but remarkable per­
sistence, and it was regarded as constituting the ~pper _limit of the Silurian. In 
thickness it varies from 40 to 70 feet. On the east fork of the Arkansas evidence of 
noncop.formity by erosion was observed at its upper boundary, "which renders it 
possible that the Upper Silurian and Devonian formations may be entirely wanting 
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in this region." (Leadville monograph, p. 61.) It:w ll also be remembered that 
an unconformity occqrs at this horizon in the Front Range region, between the 

Millsap limestone and the underlying beds. 
·Spurr identifies the Parting quartzite at Aspen. He gives a section· (Aspen 

monograph, p. 13) in w4ich it is seen to comprise 671 feet of dolomite, dolomitic 
shale, Randstone, and quartzite in thin alternations. t Castle Butte the series is 
said to consist of a basal impure quartzite, a shaly bed tained a deep maroon color, 
a heavy light-green lithographic dolomite, and at ·the t p a heavy quartzite. Spurr 
correlates the beds at Aspen having ,the above character and a stratigraphic position 
between the Yule limestone and the Lead ville limestones with the Parting· quartzite 
of Leadville and with the upper member of the Yule li estone as it was differentiated 
and described by Eldridge in the Crested Butte quadrangle. This portion of the 
Yule is from 60 to 90 feet in thickness and consists o green, yellow, and red and 
white shale, with more or less calcareous layers, the atter passing into thin lime­
stone. The lithologic characters of the bed differ i some particulars from the 
Parting quartzite at Aspen, and both differ from he formation at · its typical 

localities. 
Emmons identifies the Parting quartzite in the T nmile district . . It there has 

a thickness of from 15 to 60 feet and consistR of silice us beds, generally quartzites. 
The possibility of its being of Devonian age is referr d to, but it is still retained 

with the Silurian, chiefly because of the unconformity tits top. 
I have not recognized the Parting quartzite in P ale's Eagle River section, but 

the strata are there largely concealed at the horizon at which it ought to occur. 
At Red Cliff, also, the Parting quartzite is possib y missing. Emmons was not 

able definitely to recognize it, nor is its recognition cle r in Tilden's section at Battle 
Mountain. He found beneath the Leadville limesto e the following sedimentaries 
in ascending series: Cambrian white quartzite, 125 fee ; fine-grained sandstone, 100 

feet; Silurian white quartzite, 5 feet; and conglom rate quartzite, 8 feet. One 
might infer Tilden's opinion to be that the lowest bed of this serie·s represented the 
Sawatch quartzite,· the succeeding one the Yule limestone, and the third and fourth, 
probably the Parting quartzite. By this interpretation, however, the Yule is rep­
resented by a sandstone, while the Parti_ng formation is reduced to but 13 feet in 
thickness. As the Sawatch measures 400 feet on Eag·le River, not to mention a con­
siderable transitional series above it, and 160 to 200 feet in the Tenmile district, all of 
the siliceous beds at Red Cliff, amounting to less than 240 feet, might, as to thick­
ness, without impropriety be r~ferred to the Sawatch quartzite. This, however, 
involves the local absence of both the Yule limestone and Parting quartzite, which is 
open to objection but might be explained through the unconformity by which the 
Leadville limestone was preceded in the Leadville district. While it seems to me 
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. more probable that at Red Cliff all the beds below the L~adville limestone belong to 
the Sawatch quartzite, it is quite possible that the Parting formation also is 
included, as indicated by Tilden. . 

Spurr, as we have already' seen, correlates with the Parting quartzite the varie­

gated shales which form the upper division of the typical Yule lhnestone in the 

Crested Butte district. What may be the same series is desc~ibed ·by Endlich as 

occurring in the southern part of the Elk Mountain region, south of the Gunnison 

River, in an isolated area called upon the map Fossil Ridge. The series here seems 

to resemble that in the Crested Butte in position, but shows a remarkable increase iri 
thickness. It apparently comprises .80 feet of yellow and gray shales overla'id by 175 

feet of variegated shale, partly sandy, with isolated banks of limestone. These .beds 

occur above a thickness of limestone that can with a high degree of probability 'be · 

identified as the Yule limestone and below another series of limestones from which 

a Mississippian fauna is cited. The character, thickness, and position of the lower 

shale especially are such as to correlate it with the upper division of the Yule, 

which, according to Spurr, represents the Parting quartzite. Though to regard the 

upper shales as forming part of the same series gives the formation a thickness not 

known at any other point, this coui·se seems more natural than to join them with the 

Leadville series. 

In the 9'rand River region the Parting quartzite occur s at Aspen as identified 

by Spurr, and in the Tenmile district as identified by Emmons, but it seems to be 

absent at lled Cliff and may not be present on Grand River. · At Fossil Ridge, at 

Crested Butte, and at Aspen this formation seems to lack some of the qualities that 

characterize it at Leadville, being composed, apparently, largely of shales, some of 

which are sandy and some calcareous. In the Tenmile district, however, the compo­

sition of the formation is n1ore typical, and it consists for the most part of quartzite. 

In the South Park district the Parting qu~rtzite occurs at Leadville, which is 

indeed its typical area, and it is probably to be found more or less continuously south­

ward to the Arkansas. As part of the Silurian of Stevenson it is described as having 
this distribution, and the Hayden atlas shows the Silurian color continuously along 

the west side of South Park. Stevenson gives two sections in which this formation 

can be recognized. In that made at Fourmile Creek there appear to belong to it 

170 feet of quartzite the upper portion of which il:f a conglomerate. These beds 

occur above a limestone which can probably be cori·elated with the Yule, and below 

another upon which the Leadville limestone presumably rests. Though Stevenson 

includes the o-\rerlyii;lg limestone in the Silurian, it would seem more appropriate to 

close the Parting quartzite with · the siliceous ·beds and refer the limestone provi­

sionally to the Leadville. 

A second section. was made by Stevenson in the canyon of the Arkansas on the 
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southern border of . the South Park region. At that locality 75 feet of sandstone 
described as "partially altered, with layers of quartzite; somewhat argillaceous; 

weathellJ to ochery color; contains many large fragments of jasper," can be referred 
to the Parting formation. It here rests upon 112 feet of limeiltone which represent · 

the Yule~ about 20 _feet of red calcareous clay intervening between the two formations . . 

The overlying beds are not known, and Stevenson remarks (p. 359) that it is more 
than probable that the Arkansas exposures do not exhibit the complete section, 
being defective on top. 

Endlich also gives two sections in this region which include beds belonging, it 
. would appear, to the Parting quartzite. They are situated in the southern part of 

the South Park region, but their exact location can not be known. One of these, 
which was made at station 56, contains a series of yellow to light brown hard quartz­

ites, followed by white and pink quartzites of very fine texture, covered by yellow­
ish shales which are later said to be interstratified with quartzites. Above these 
occur shales and limestones which appear to belong to the Leadville series. The 
underlying rock is a porphyritic granite which is more probably an intrusive than a 

portion of the Archean complex. In the other section, that made at station 53, the 
series is of a similar character. It consists of thick beds of white, }1ellow, and pink 
quartzites passing into light red sandstone. To this must probably be added a thick 

stratum of yellow and brown sandy shale covered by light yellow and gray shales. 

Beneath the quartzite are limestones whose partially identified fossils are suggestive 
of the Ordovician faunas, and above the shale a blue limestone with a fauna which 

appears to be Carboniferous. It will be observed that in the two sections cited from 

Endlich_ the strata which occupy the position of the Parting quartzite consist of a 
series of quartzitic beds below and another of variegated shales which rest upon them. 

The quartzitic portion possess considerable resemblance to the typical Parting quartz­
ite, while the shales resemble the beds which at Fossil Ridge, Crested Butte, and 
Aspen, have been referred to the same series. It is possible that these occurrences 

at the same time indicate a dual nature for the strata referred to the Parting forma­
tion and demonstrate the stratigraphic relations of the con~tituent members. 

The Parting quartzite probably forms part of the Silurian of the Hayden reports, 

as it does in the case of Stevenson's. Endlich found Silurian 'strata along the 

northern edge of the Sangre de Cristo region in that portion of his San Luis district 
which he designates as sections b and c. Here it compdses the Sawatch and Yule 

beds, and . he describes nothing which has the lithology and stratigraphic position of 

the Parting series. It may be recalled that at stations 53 and 56 north of the 
Arkansas this author describes two sections in which beds of light-colored quartzite 
are reported as overlying a limestone of probable Ordovician age. These quartzites. 
which hold the po~ition of the Parting quartzite, resemble the Rawatch auartzitP; 
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which lies beneath the Ordovician limestone in section c south of the Arkansas. 
Endlich apparently regards them as the same. This fact and the apparent absence 
of the Sa watch in Endlich's sections north of the river lead me to consider it possible 
that he may have mistaken the position of the beds, and that the quartzite really 
occurs beneath instead of upon the Yule. In that case· the Parting formation as a 
quartzite .would be wanting .at stations 5,3 and 56, and the sections a~ Fossil Ridge . 
and on the south side of the Arkansas would be in closer agreement with those made 
there. Along with the .Sawatch and Yule, the Parting formation, probably as the 
result of Paleozoic erosion, seems to be wanting over the Sangre de Cristo region 
in all but its northernmost portion, though possibly it may be found in fragments 
associated with them in occurrences such as the Van Diests have made known in the 
vicinity of Trinchera Peak on the west side of the range. 

In the San Juan region it seems to me probabl~ that the Parting quai·tzite will 
prove to be represented by the middle or shaly member of the threefold Devonian 
series of Cross and Spencer, the two lower divisions of which are recognized by 
them as possibly pre-Devonian,. This shale in the San Juan region, which has a 
thickness of about 50 feet, occupies a position with regard to the Ouray limestone 
similar to that which the upper or shaly member of the Yule limestone holds to the 
Leadville limestone in the Crested Butte district. rrhis portion of the Yule, which 
measures 60 to 90 feet in thickness, Spurr believes to be the same as the Parting 
quartzite of the . Aspen and Leadville sections. Spurr found fish remains of 
Devonian type in the Parting quar.tzite at Aspen. Somewhat similar ones occur in 
the middle or calcareous member of the Yule limestone at Crested Butte, while 
Endlich cites them from the middle or shaly division · of Cross and Spe-p.cer's 
Devonian. While positive proof is lacking, it seems to me that a number of circum­
stances favor the correlation of these shales in the Crested Butte district and San Juan 
region. The absence of the calcareous and typical Yule limestone in the latter area 
shows an independence of distribution which would seem to justify the separation of 
the upper from the middle divisions of that series made by Spurr. Its correlation 
with the Aspen section and position in the time scale, however, are questions apart, 
and I am indisposed to accept the evidence for the Devonian age of this horizon as 
conclusive. 

The Par'ting quartzite was included by Stevenson in the Silurian, to which he 
referred all the sedimentaries below the Carboniferous limestone, and the practice 
of the Hayden survey appears to have been the same. Emmons, as we ha.ve already 
seen,. refers it to the Silurian in his Leadville woi·k. Eldridge, · in the Crested Butte 

district, includes what, according to Spurr, is an equivalent body, as the upper division 
of his :Yule limestone. Spurr recognized the Parting quartzite at Aspen, but, on the 
strength of some fish remains of Devonian type, assigns the formation to that period. 
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In the Tenmile folio, however, Emmons, while recognizing the data upon which 

Spurr proceeded, in the lack of direct evidence as to · the age of these beds, still 

retains them in the Silurian, influenced to a considerable extent by the unconformity 

which intervenes between it and the overlying Leadville limestone. Although Spurr 
found Devonian fishes in the Parting quartzite at Aspen_, it should be borne in mind 

that similar fish remains of Devonian types occur in the Harding sandstone, whose 
Ordovician age seems to be secure, and in the calcareous division of the Yule 

limestone in the Crested Butte quadrangle, of whose Ordovician age there is also 
little doubt. In view of these facts the force of this evidence is largely destroyed. 
Considering that the only known Paleozoic horizon in Colorado distinguished-for its 

fish remains is in the Ordovician, that the Parting . quartzite is separated from the 

Leadville limestone, at Leadville at least, by an erosional unconfor!llity, and that 
the lower portion of the Leadville limestone contains · over large areas a Devonian 
fauna, it seems to me that the evidence preponderates in favor of the Ordovician 

rather than the Devonian age of the Parting quartzite. This, however, is only · 
another of the departments in which further and thorough research is necessary 
before a satisfactory conclusion can be reached. If the Parting quartzite should 
prove to be Ordovician, it would bring out a certain correspondence between 
the early Paleoz6ics of the Front Range and those of central Colorado, for the 

Manitou limestone and Harding sandstone of the one show a certain resemblance to 
the Yule limestone and Parting quartzite o~ the otheT, which, while not extremely 
close, certainly gives the two sections more uniformity than if the Parting quartzite 

were Devonian. Both the Parting quartzite and the Harding sandstone are siliceous, 
. they are variegated in color, have about the same thickness, and are characterized 

by containing fish remains. It 1s true, however, that the abundant Trenton fauna of 

the Harding is not yet known in the Parting quartzites, and that the Yule limestone 

in the Crested Butte .quadrangle also contains fish remains, while none have been 
noted from its possible equivalent, the Manitou limestone. 

DEVONIAN. 

There is an undoubted Devonian horizon in Colorado. The fauna was originally 
discovered in the San Juan region and it has since been recognized at vvidely sep­

arated points through the State. These fossils were first listed and described by 
JVleeka, who identified the horizon as Devonian. Later, C. A. Whiteb found some 

reason, which was never stated, for regarding it as Carboniferous. More recently 

extensiVe collections were made 'in the San Juan region by Whitman Cross and A. C. 
Spencer, who procured a large fauna, which l described in 1900.c The latter fauna IS 

aU. 8. Geol. Geog. Surv. Terr., Bull., vol. 1. 2d ser ., No.1, p. 46, 18i5~ see also U.S. Geol. Geog . Surv. Terr, [Eighth] 
Ann. Rept. for 18i4, 18i6, pp. 212-214. 

bCont. Invert. Pal., No.6, p. 133, 1880 (extracted from the Twelfth Ann. Rept. of the Hayden survey for l8i8) . 
cU. 8. Geol. Surv., Twentieth Ann. Rept., pt. 2. pp. 25-81. 
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extensive enough and critical enoug-h to clearly demonstrate the Devonian age of this 
horizon and vindicate lYieek's earlier judgment. This fauna occupies the major por­

tion of the Ouray limestone or the San Juan re~ion and the lower part of the Lead­
ville limestone of central Colorado. It has been found in the Durango and Engineer 
mountain quadrangles of the San Juan region, at Ouray, in the Crested Butte quad­

rangle, at Salida, at Glenwood Springs, and on White River in northwestern Colorado. 
It seems probable that it will also be found, i£ sought for, in the lower part of the 

Leadville limestone at Leadville, and, in fact, wherever this formation is exposed in 

Colorado. Perhaps the only strict exception which need be made is along the Front 
Range, where the Millsap limestone, the probable equivalent of the Carboniferous 
portion of the Leadville limestone, appears to lack this Devonian horizon. There 

are areas also in which the Leadville limestone is probably missing, and there, doubt­
less, it may not be expected. Of the distribution of this formation, I will speak 

a little more specifically in connection with its Mississippian fauna. 

The Ouray fauna, as I may continue to call it, is not closely similar to the faunas 
' of eastern and central United States. It seems indeed to have a closer parallel in 
the Devonian of the Ural Mountains, a with which it shows some striking similarities. 
It also has points in common with · and seems to be related to the interior Devonian 

of the Rocky Mount~in region. The absence of this fauna in certain areas where 

the Mississippian fauna, which it often accompanies, is present, as on the eastern 

margin of the Front Range, and apparently over part of the Wasatch Range (e. g., 
Rock Canyon), leads me to think that probably deposition was not quite continuous 
even where both faunas occur, and both are found in limestones, and that a slight 
unconformity may exist between the strata characterized by the Devonian and 
Mississippian faunas in the midst of the Ouray and Leadyille formations. 

CARBONIFEROUS. 

MISSISSIPPIAN. 

The . Lower Carboniferous strata of Colorado are geologically comparatively 
unimportant by reason of their thinness, but they are widely distributed and form 
one of the richest metalliferous horizons in the entire rock series. This horizon is 
everywhere a limestone or a dolomite, sometimes more or less interstrati:fied with 
shale, but owing to minor differences of lithologic character and circumstances of 
distribution several local names have been received by it. In central Colorado this 
limestone is called the Leadville limestone. In the San tT uan region it is called the 
Ouray limestone, and' along the Froll't Range it has received the name of thd Millsap 
limestone. Thelower portion almost everywhere contains a distinctive and unmis­
takable Devonian fauna. At least this fauna has been found · at so many and such 

aMurchison, etc., Geologie de la Russie, Paleontologie, London. 
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widely separated points that it may safely be regarded as ~enerally present over the 

central part of the State wherever the formation is brought to view. In the few 

fragments of it which are still visible along the Front Range, however, the Devonian 

fauna seems to be wanting. This individuality in the matter of distribution has led 

me to suspect that the Devonian and Carboniferous portions of the Leadville lime­

stone may not have been deposited strictly consecutively. 

Beginning with its typical locality at Leadville, this formation is described as a 

heavily bedded ser~es of dolomitic limestone, in the upper part often coarsely crys­

talline, having an average thickness of 200 feet. The color is a deep grayish blue, 
frequently nearly black in the upper portion, while some of the lower beds are lighter 

in color, approaching a drab. The upper bed is marked by eharacteristic concretions 

of black chert, often containing casts of fossils. A list of species of fossils derived 

from this horizon is appended to the description in the Leadville monograph, and 

the conclusion drawn that "'this horizon represents the Lower Carboniferous of this 

district." (Page 66.) This conclusion I believe to be correct, though it hardly seems 

to follow from the faunal list, which, with one exception, contains nothing but Upper 

Carboniferous species. In the Leadville monograph, from which I have quoted above, 
this limestone is called the Blue or Ore-bearing limestone, and it was not until later 

that it received the name by which_ it is now known. 
Under the title of the Blue or Leadville limestone this formation is redescribed 

by the same author in the Tenmile folio. No new facts are brought out, and it will 

not be necessary to repeat the description. 

It is easy to recognize this horizon in Peale's Eagle River section, in which 

bed 26, described as a black, flinty limestone, with pieces of pyrite and fragments 

of 8pirifer or Spiriferina, clearly represents it. Possibly a part of No. 25, which 

·indicates a space probably filled mainly by limestone, also ,belongs to the Leadville, 

but it is evident that little besides distribution is added in this instance. 

At Red Cliff, according to Tilden, the Leadville limestone comprises 250 feet of 

blue, dolomitic limestone below, overlaid by black, siliceous limestone 300 feet thick. 

In the Aspen district the Leadville limestone has an average thickness of about 

350 feet. It consists of two members, the lower of which is a heavy dolomite from 

200 to 250 feet in thickness, and the upper a massive blue limestone from 100 to 150 

feet. Spurr states that there is abundant evidence of two periods of dolomitization, 

one of which occurred before the deposition of the Blue limestone, while the other 

was much later, and was closely connected with the ore deposition: (page 22). This 

fact and the circumstance that these two divisions have a well-marked plane of sepa­

ration (page 23) afford evidence in support of the hypothesis that an interruption in 
sedimentation occurred between the Devonian and the Carboniferous portions of the 
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L eadville and Ouray limestones. Some further evidence may possibly be found hi 

the sandstone dikes occurring in the lower dolomitic me!llber, to which Spurr has 

called · attention. In . this connection, however, it re~ains to be shown that the 

Devonian ph~se of Leadville deposition is represented in the Aspen ·beds, and that 

the . stratigraphic plane noted by Spurr corresponds to the tin1e boundaries between 

the Devonian and the Carboniferous. Regarding the former point, the wide distribu­

tion of the Devonian fauna and its recognition at points as near as Salida, Glenwood 

Springs, and the Crested Butte quadrangle, make its presence at Aspen a matter of 

great probability. Regarding the second particular, on the other hand, Spurr very 

naturally seeks to correlate the lower or dolomitic member at Aspen with the entire 

Leadville limestone at Leadville, which is only 200 feet thick and dolomitic through­

out, and with the lower, dolomitic porti?l) of the Leadville in the Crested ·Butte 

quadrangle. This inference would tend to indicate that the line between Devonian 

and Carboniferous is not coincident with that between the dolomitic and calcareous 

portions of the Leadville, since I refer fossils from this formation at Leadville to the 

Carboniferous. It is_ possible . that the difference. in facies between the Leadville 

faunas as we know them, from Lead ville on the one hand and Aspen and the Crested 
Butte region on the other, may be due to a difference of horizon in agreement with 
the correlation sugg~sted by Spurr. It is noteworthy that the Millsap limestone, 

whose fauna is similar to that at Leadville and different frorri those at Aspen and 

Crested Butte, is also. dolomitic. From the dolomite in the Aspen region · no fossils 

are known, but Spurr mentions a number of foraminiferal genera as having been 

identified by R. M. Bagg in thin sections of the Blue limestone. 

In the Anthracite-Crested Butte folio, where I believe the name Leadville 

limestone is first mentioned, it is described somewhat as follows: Its thickness varies 

from 400 to 525 feet and it- consists principally of beds of limestone froll:\ 5 to 30 feet 

thick, sometimes separated by bands . of q.uartzite or calcareous shale. At tbe top of 

the formation is a massive bluish-black bed 75 to 150 feet thick, known to miners as . . 

the "Blue limestone." Below this the limestones are grayer, apparently SOIJlewhat 

~olomitic, and car.ry a few da;rk-gray or black cherts. The Leadville here seems to be 

~uch thicker than at ·Leadville itself, a condition which can be adequately explained 

~y the erosional unconforrpity·by which the formation i~ followed. 

The character of the Leadville at some of the points where it is best known has 

been briefly outlined. In the Grand River region it has been studieq ·in 'more or 

less detail at Aspen~ at Red Cliff, on Grand River, and in the Tenmile district, and 

the statement seems justified that it is generally present in that area. In. the Elk 

Mountain region also it may be said to be in all probability continuously present. 

Its occurrence in the Crested Butte district has already been described. Endlich 

g-ives a section made at Fossil Ridge south of the Gunnison, in which the Leadville 

probably includes 260 feet of light gray and yellowish limestone and shale, 40 feet 
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of light shale, and 20 feet of dark-blue Carboniferous limestone. This 20-foot bed 
contains a fauna which is compared with that found near lVIystic Lake in Montana, 

and is without much doubt a member of the Leadville limestone. It is followed by 

45 feet of light shale, 150 feet of light limestone and quartzite, and 50 feet of yellow, 

red, and white shale. These may belong either to the Leadville or the Weber 
limestones so far as any information is at hand. The light-colored limestone which 
I have included with the Leadville is underlain by 80 feet of yellow and gray shale 
and 175 feet of variegated shale with isolated banks of limestone. Both of these 

beds probably belong to the Parting formation, though here again satisfactory 
evidence entirely fails. 

In the South Park region the Leadville limestone, as it occurs at Leadville and 
its vicinity, has already been described. Information with regard to the region 
south depends chiefly upon the accounts of Stevenson and of Endlich, though Peale 

also has briefly touched upon it. Stevenson usually refers to this formation as the 
Carboniferous limestone, and he apparently found it at intervals on the west side of 
South Park all the way from :Mount Lincoln to Hunts Peak. He gives no sections 
and no detailed description. Endlich publishes two sections which include the 

Leadville beds, but their exact location can not be determined. They occur in the 

northern portion of his San Luis district and· the southern portion of my South Park 

region. In the section made at "station 53" the strata which probably belong to 
the Leadville consist of a grayish-blue limestone, from which were obtained Orthis, 

P1·oducttts, and Ortltoceras, followed by shales of a gray and brown color, more 
sandy above, which are in turn overlain by a series of heavy strata of dark-blue 
limestones. The lower limestone rests upon quartzites and variegated shales, which 

I refer to the Parting quartzite. The fauna mentioned suggests the Devonian fauna 
of the Ouray limestone or the Mississippian fauna of the Leadville horizon. The 

upper limestone is followed by a brown sandstone, which is apparently the Maroon 

.or Arkansas sandstone. In this case the Weber limestone or shale is wanting, unless 
the upper limestone represents it instead of the Leadville. In the section made at 
'"station 56" the Leadville probably comprises a series of blue limestones irregularly 
alternating with gray shales containing Orthis and crinoids. Bluish shales follow, 
and are covered in turn by a gray saccharoidal limestone. Beneath the lower lime­

stone are found the quartzites and shales of the Parting formation, while above 
the upper one comes in a series of red sandstones, which I take to be the Arkansas 

sandstone and equivalent tp the brown sandstone of the previous section. In the 
two sections just discussed, as well as in that from Fossil Ridge quoted previou;,ly, 
the beds referred 'to the Leadville formation consist of two limestones separated by 
shales, but the corresponding members of each series do not agree especially well 

with each other in lithologic detail. At Fossil Ridge the upper limestone is over-
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lain by shales and other limestones and contains a fauna which I have little doubt 

correlates it with the Leadville and Ouray limestones. In the two South Park sec­

tions no transitional or intermediate series is mentioned above the upper limestone, 

and the diagnostic fossils, so far as they are diagnostic at all, are reporte~ only fro!n 
the lower member, . so that if the Weber' formation is present it would probably 

embr_ace some of the beds tentatively placed with the Leadville formation. In the 

other case the change of the Leadville, which farther north appears to be a homo­
geneou~ limestone series, to two limestones with an interbedded shale is worthy of 

note. 

Thou~h the oluer Paleozoics whose distribution the Leadville limestone closely 
follows, are said by Endlich to occur for a short distance south of the Arkansas, and 

the "'Lower Carboniferous" color appears in the Hayden atlas in the north end of 
the Sangre de Cristo Range, the Mississippian limestone is wanting over most of the 

region. We. have, however, no description of its occurrence at its northern localities. 
The Hayden atlas also represents a small area of Lower Carboniferous at Trinchera 
Peak, and this Endlich describes as a grayish-brown, compact shale, sandy in part, 

and interbedded with limestone, and conformably underlying the red Carboniferous 

sandstone. He suggests that this may represent the Lower Carboniferous. There 
really seems to be ·no evidence sufficient to determine whethm: it is the Leadville 

series (though from the lithology this hardly seems likely), the Weber formation, or 
part of the Arkansas sandstone. a Lee has recently examined part of the area where 

Lower Carboniferous is represented on the map and found only the Arkansas sand­

stone, from which the inference may be drawn either that the limits of the area are 
incorrectly represented on the map, or that Endlich erred in separating these beds 
from the younger formation. Stevenson describes no formation older than the 
Arkansas sandstone south of the river, and if he met with any occurrences he pre­

sumably included them in the Pennsylvanian. While these formations pinch out and 
disappear south of the Arkansas it is possible that they may occur in local patches 
beneath the sandstone. The somewhat doubtful occurrence of the Leadville limestone . 
at Trinchera Peak, and the appearance of the Sawatch quartzite and the Yule lime­

stone northeast of San Luis, reported by the Van Diests, indicate that other similar 
instances may exist . . 

The equivalent of this formation in the Uinta Mountains is well-nigh as uncer­
tain as that of the earlier Paleozoic beds. It can be correlated with the lower portion 
of the Wasatch limestone of U tab and with the Red Wall limestone of the Grand 
Canyon country, the lower portion of which belongs in the Mississippian, as Meek, 
Walcott, and Frech report. Though Meek's reference was mad~ with hesitation, and 

-~-- ·---·------------------,-

a The strata above the Archean in Lee's section have more the character of the Maroon than of the Weber iimestone, 
which is absent or has lost its calcareous character. 
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several circumstances unite to cast suspicion upon the Mississippian determination 

for the Red Wall, collections of fossils more recently made demonstrate that the 

lower portion at least belongs to that epoch. The Pennsylvanian age of the upper 

portion, however, is unmistakably shown by the faunal list supplied by JYleek, and 

since the upper ,Mississippian is usually missing in the western sections, owing to 

Pennsylvanian erosion (or possibly to nondeposition), it seems probable that the 

formation is divided by an unconformity otherwise undetected. Furthermore, Powell 

claims to have traced the Red Wall into the Uinta Mountains, where, both by its 

somewhat ambiguous fauna a and by its stratigraphic position above the Uinta sand­

stone, which Emmons correlates by tracing with theW eber quartzite, whose Penns:yl­

vanian age throughout is satisfactorily known, it belongs, with little doubt, in the 

Upper Carboniferous. If the Leadville limestone occurs in the Uinta Mountains it 

must be as one of the siliceous beds of the Uinta sandstone and not as the Red '~7 all 

limestone as identified hy Powell; but since this horizon is so persistently character:. 

ized by its calcareous nature it seems somewhat more probable that Mississippian 

time is unrepresented in the Uinta series of rocks. 

Along the eastern margin of the Front Range the Mississippian limestones 

appear in several places. It is in this tract called the Millsap limestone. The Mill­

sap limestone was first described in the Pikes Peak folio, from which I abstract the 

following: It consists only of local remnants resting upon the Fremont limestone in 

Garden Park and along the western line toward Canyon. It is represented by about 

30 feet of thinly bedded, variegated, dolomitic limestone, with a few thin sandstone 

layers. Chert nodules in the upper limestone layers carry casts of Sp1:rifer rocky­
montanus and Seminula sUbtilita. It is divided from both the formation which 

preceded and tha.t which followed it by an erosional unconformity. This formation 

i8 found also at Perry Park, where both Peale and Lee have made sections including 

it. These sections have already been referred to, as the sandstones in the lower 

portion, though assigned by both authors to the Carboniferous, b may yet prove 

to be Cambrian. Peale's section includes the following beds: 1. Granite; 2. Very 

coarse white sandstone, 80 feet; 3. Red calcareous sandstone, 4 feet; 4. Dark 

purplish cherty limestone, 3 feet; 5. Compact red sandstone in layers of 1 foot 

thickness, with cross seams of calcite, 15 feet; 6. Red calcareous sandstone, very 

hard and with cross cleavage layers of 1 inch, 3 feet; 7. Irregular limestone, with 

pebbles of greenish chert and limestone, 3 feet; 8. Indistinct outcrop of limestone, 

with chert pebbles and fossiliferous--in the upper part of the space a purplish 

sandstone, above which is. a gray sandstone passing into the next bed-6 feet. Peale 

says (p. 198): "The fossilH found in No. 8 ( Terebratula and Spiriferina) prove it to 

be Carboniferous beyond a doubt." This stratum, which probably belongs to the 

a Found not in the Uinta Mountains proper, but south of th em , in eastern Utah. 
bU. S. Geol. Geog. Surv. Terr., lSeventh] Ann. Rept., for 1873,1874, p. 197. 



168 ' CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO. 

Millsap limestone, is overlain by the Red Beds. With No. 8 will probably go No.7, 

and possibly also 6, 5, and 4, though it seems to me rather probable, by analogy with 
neighboring sections, that 2 and 3 at least are pre-Carboniferous and represent the 
Cambrian. No. 1 also suggests the Harding sandstone of the Pueblo quadrangle. 

The beds which Lee refers to the Carboniferous have at the base 40 feet of 

coarse, green, . crumbling sandstone, conglomeratic in places, and n~ottled in varying 
shades of ted ;and gray. · Above this sandstone appear 10 to 15 feet of deep'"red to . 

white c~erty limestones alternating with red shales. Neai· the top o£ this series 
Carboniferous fossils were obtained. Above these occur several hundred feet of 
coarse-grained sandstones and conglomerates, which appear to be perfectly conform­
able with the fossiliferous series. It is clear that the siliceous series last referred to 

is not a part of the Millsap limestone, but probably represents a portion of the Foun­
tain beds above. The sandstones at the base probably correspond to those mentioned 
by Peale, which I have referred, upon somewhat doubtful evidence, to the Cambrian. 
The Millsap limestone, then, would embrace merely the small thickness of cherty 
limestone in the middle of Lee's Carboniferous. It seems prob~ble from these sec­
tions that the Millsap, small as is its thickness in Garden Park, in the Pikes Peak 
quadrangle, is still further reduced in Perry Park. 

The Millsap is apparently absent ·in Manitou Park, the Fountain beds coming 
down upon the Ordovician; but at Glen Erie, a near Colorado Springs, the whole or 
part of a series of gray, purplish, and yellow limestoneR, 279 feet in thickness, may 
belong to it. Mr. A. W. Grabau inform~ me that he has collected a Carboniferous 

fauna from the upper portion. Beneath this bed occur red shaly limestones with 
Ordovician fossils (the Manitou limestone), and abqve it the Red Beds. 

Some beds belonging to the Millsap limestone are· apparently included by 

Walcott in a section which he ·describes from Harding's quarry, near Canyon. 
Here it is reported as 15 to 30 feet in thickness, . and as consisting of impure, varie-. 

gated, banded limestone, with interbedded argillaceous beds. Spirifer rockymon­
tanus and Seminula subtilita are cited. 

Gilbert recognized the Millsap limestone in the Pueblo quadrangle, where it 
consists of gi·ay arid purple limestone, with some shale, especially in the lower part. 
These strata are 200 feet thick, and are said to rest conformably upon the Harding 
sand:::;tone. Near the middle was found Spirifer rockymontanus, a species which 

\

is cited from the typical exposures in Garden Park. It !?eems probable, there­
fm~e, that the upper part of Gilbert's Millsap is correctly

1 
correlated. As at the 

nearest outcrops of these formations, viz, those at Canyon, the Harding sandstone 
is followed by 270 feet of Fremont limestone and but 15 ·to 30 feet of Millsap, it is a 
little unexpected to find that the thick Fremont bas vanished, and that the Millsap 

a U. S. Geol. Geog. Surv. Terr. ,. [Seventh} Ann. Rept., foc 1873, 1874, p. 201. 
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has increased to ten times its bulk. It thus seems possible that the lower portion of 

this series in the Pueblo quadrangle may represent the Fremont, thou~·h satisfactory 

evidence upon this point is lacking, while Cross's remarks upon the restricted dis­

tribution of the Fremont should be borne in mind. In any event the Millsap is 

greatly increased in thic_kness from its Garden Park and Canyon outcrops. 
Endlich also recognized the Paleozoic nature of these beds, and they are repre­

sented on the Hayden maps as an area of Lower Carboniferous, part of which is 

included in the Pueblo quadrangle. Endlich described them as consisting of. gray­

ish limestones and shales, and apparently his observation relates to the Millsap lime­

stone alone, without including the Harding sandstone which lies beneath. 

In the San Juan region J\llississippian time is represented by the Ouray limestone, 

the major portion of the formation, however, containing a Devonian fauna. 

The Ouray limestone is defined by Cross and Spencer somewhat as follows: It 

consists of massive beds of limestone separated by thin intercalations of marl or 

shale. Certain thin bands are frequently quite coarsely crystalline, but the large . 
mass of the formation is a dense or semicrystalline limestone. The thickness is 

about 150 feet. The greater part of this formation appears to be of Devonian age, 

and it was only comparatively recently that a Mississippian fauna was obtained from 

its upper portion. The latter is intimately related to the Mississippian faunas at 

Leadville and Aspen, and also to the "\Vaverly fauna of the Wasatch limestone of 

Utah, the Madison limestone of Wyoming and Montana, the typical Waverly of 

Ohio, and the Chouteau limestone of Missoud. The fauna of the Millsap limestone, 

as we know it from Perry Park and also from Garden Park and Canyon, and that 

of the Leadville limestone ~t Leadville, present a rather peculiar facies, but even 

this fauna seems to be related to those of the early Mississippian, and it is some­
what singular · that the Leadville fauna is more ,nearly allied to that of Perry and 

Garden parks, while lithologically and stratigraphically -the Leadville as a formation 
is especially to be compared with the Leadville of Aspen and of the Crested Butte 

region. I think we can safely regard these faunas as varying facies of a single wide­

spread and contemporaneous fauna, the differences being due in part to varying 

environmental conditions and in part to quite a different cause. Our collections 

from these beds are extremely meager, and to this circumstance can be referred 

some of the differenees at present existing. 

The Lower Carboniferous of the · Hayden survey geologists consists in the main 

of this bed, though it is doubtful if they were consistent throughout in reeognizing 

its limits. With them also the term was used rather as meaning the lower portion 

of the local Carboniferous section than in its strict paleontologieal sense as the 

equivalent of lYiississippian. In this sense apparently the term is used in the 

Leadville monograph, where the Leadville limestone is referred to the Lower 
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Carboniferous. Walcott in his Canyon section, Cross in the Piket:J Peak folio, and 
Gilbert in the P~eblo folio refer the Millsap limestone to the Carboniferous merely, 

without being sure to what portion of the system it belonged. Lee, in discussing 

the Pikes Peak section, uses my determination of the age of the Millsap. Emmons 
in the Tenmile folio, Eldridge in the Anthracite-Crested Butte folio, and apparently 
Spurr in the Aspen monograph, refer the Leadville limestone to the Lower 

Carboniferous in its true sense as a division of the geologic time scale. Peale in his 

Eagle River section seems to be uncertain whether the, correspondin~ beds were 

Carboniferous . or Devonian. Cross and Spencer refer the Ouray limestone to the 
Devonian, because a Devonian and no Carboniferous fauna was known from it at 
the time of their wi·iting. It is now fairly certain that the Carboniferous portion 

of the Leadville, Ouray, and Millsap limest~nes are of early Mississippian age. 
This formation, or, as it has received several names, this horizon, is .widely 

distributed in Co~orado. It is known in the Grand River region (the Devonian 

portion has been recognized on the White River and at Glenwood Springs and the 
Carboniferous probably on Eagle River), in the Elk Mountain region, in the South 

Park region, in the northern part of the Sangre de Cristo Range, in the San Juan 
region, and along theFront Range. It is probably lacking over much of the Front 

Range and Sangre de Cristo areas, in the Uinta Mountains, and . in the valleys of 
the Dolores and the Grand, and it is concealed over extensive areas by deposits 
of later geologic age; but it is perhaps the most widespread of all the Paleozoic 

formations except those belonging to the Pennsylvanian. The remarkable persistency 
of this horizon as a limestone formation, not only in Colorado but throughout the 
West, and the widespread distribution of ·essentially. the same fauna, would argue 
extended &nd uniform marine conditions during Mississippian time. Whatever may 

have been the conditions prior to the formation of the Leadville limestone, I believe 
that there were no land areas in Colorado during the Leadville epoch. Aside from 
the persistency of the fauna and the lack of anything like shore deposits at this 

'horizon, the fact that the Leadville nowhere, so far as I have read, lies upon the 
Archean is evidencein point. As the Leadville period was one of subsidence, had 
there been permanent Archean land areas deposits could hardly have failed to be 
laid down upon some of the submerged land. The possibility . that the waters 

advanced only so as to f~ll short of at all points, or not to transgress, some former 
·level does not need serious consideration. On the other hand, I do not see that the 

sedimentation of Leadville beds upon the Archean, even if it does occur, would 

necessarily be evidence in favor of permanent Archean land masses in Colorado. 

PENNSYLVANIAN. 

The Lower Carboniferous period was followed by an epoch of elevation and 

erosion. At all events none hut the early portion of Mississippian time is 
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apparently represented in the Colorado sediments. The chronological point at 

which this elevation took place is, except in a general way, unknown. It may 

have occurred soon after the formation of the L eadville limestone, the absence of the 

upper Mississippian horizons being due not so much to erosion as to nondeposition; 

but it seems to me rather more probable that this episode was nearly contemporaneous 
with the elevation in eastern North America at the clo'3e of Mississippian time. That 
the elevation is of wide extent is indicated by the absence over such large areas in 

our Western States of upper Mississippian faunas. To the erosion which resulted 

from this elevation the va~iation in thickness o£ the Leadville limestone in different 

sections can often be ascribed. When subsidence again permitted the formation of . 

sedimen,ts, the earliest deposits were frequently of a less purely marine character, 

and shortly a great thickness of sands and conglomerates intermingled with non­

persistent limestone bands began to form over great areas in the State. 

The Paleozoic section of central Colorado, by which term I ~ould inelude the 
Grand River·, Elk Mountain, and South Park areas, is singularly uniform, and this 

is scarcely less true of the strata of Carboniferous age than of the earlier Paleozoic:-:;. 

Though these are fairly constant in lithologic characters, the nomenclature employed 

for them has varied somewhat. Thus in the Anthracite-Crested Butte folio the 

Carboniferous formations are called the Leadville limestone, \Yeber limestone, and 

Maroon conglomerate; in the Aspen monograph, the L eadville limestone, Weber 
formation, Maroon formation, and the Triassic; a in the Tenmile folio, the Leadville 

limestone, Weber shale, Weber grits, Maroon formation, and Wyoming formation; a 

and in the Leadville monograph, the Blue limestone, Weber shale, Weber grits, and 

Upper CoallVleasures. 

The distribution of the Leadville limestone has already been described. 'Vhile 

the general equivalence of the Upper Carboniferous formations of this area is 

comparatively easy to ascertain, their relations to the different formations of the 

regions adjacent, of the Uinta Mountains; of the Front Range, of the Sangre de 

Cristo Range, and of -the San Juan region are questions of more intricacy, and it 

will not be possible to consider each formation by itself, but in relation to the other 

Pennsylvanian formations of the same section. 

In the Crested Butte quadrangle the beds immediately overlying the Leadville 

limestone are called the Weber formation, and they are succeeded by the Maroon 

formation. The Weber formation apparently derives its name from the "'"r eber 

quartzite of the 'Vasatch Mountains of Utah. I shall refer to this point again, bu~ 

it seems that the correctness of the correlation suggested by the nomenclature is very 

doubtful and that the employment of the term Weber for formations in Colorado 

can not with propriety be continued. The Weber formation consists principl:\llY of 

a I do not of course mean to imply that the Triassic of the Aspen district and the Wyoming formation are Carboniferous 
formations, but I desire to consider them in connection with the Carboniferous and to compare their nomenclature. 



172 CARBONIFEROUS FORMATIONS AND FAUNAS 01!' COLORADO. 

dark carbonaceous and calcareous · shales and thin limestones. The thickness varies 

from 100 to 550 feet, a range of measurement which is accounted for by Eldridge by 
the fact that it follows a marked unconformity. Its fossils arc abundant, and of the 

Coal Measures type. The Maroon conglomerate is taken to begin with ~bin beds of 
calcareous grits different from the constituents of the Weber formation, and to end 

with "'the unconformity overlying the Gunnison sandstone," though in this last 
statement '"overlying" is clearly a misprint for underlying. The maximum thick­

ness is thus 4,500 feet . . A lower and an upper division of the formation are recog­

nized. "The lower division is an alternating series of yellowish-gray grits, thin 
limestones, and shale beds, reaching 2,000 feet in thickness in their greatest develop­
ment along lower Cement Creek. The grits consist of grains and pebbles of quartz 

and limestone, with a calcareou~ and somewhat ferr~g·inous ·cement." The limestone 
pebbles va_ry in size up to 3 or 4 inches, and frequently contain Coal Measures fossils. 
Thi~:~ occurrence of Upper Carboniferous fossils in pebbles in the Maro_on conglom­

erate is an important and well-established fact. Station 2306, near Cement Creek, 
in our collections, seems to be an instance o£ this association, and the fauna, it will . 

be seen, is clearly a Pennsylvanian one. It is somewhat unexpected that the fauna 
of these pebbles is the native Maroon fauna and not that of the eroded Leadville 

limestone or a·£ the vVeber formation. The limestones of the lower division occur 
in beds from 1 to 15 feet thick, are of bluish-gray color, and are frequently fossil­

iferous. The upper division, which has a maximum thickness of about 2,500 feet, is 
composed of alternating beds of conglomerate and sapdstone, with some shales a.nd 

occasional limestone beds. The pebbles of the conglomerate consist largely of red 
granite and schist from the Archean areas, with representatives of quartzites and 
limestones of the older sediments. The upper division is of a peculiar red or 
chocolate color. It is found in greatest thickness in the northern part of the · 

Crested Butte quadrangle, and is very greatly decreased in the sou~hern portion. 
In the Aspen district the Weber formation consists of a series of thin-bedded 

carbonaceous limestones and calcareous shales. The typical rock is a black limestone, 
thin bedded, and aphanitic. The maximum thickness is reported at not much le~s 
than 1,000 feet. "'Above the Weber formation comes a · g.reat thickness of mixed 

. arenaceous and calcareous sediments forming impure grits and thin-bedded shaly 
limestones. This formation is calcareous and th_in bedded at first, but becomes rpore 
massive and arenaceous farther up. The general color is a peculiar dark red 

* * * "a •• The purplish-red ~eds pass upward into more massive and fine-grained 
sandstones which are mm~e purely siliceous in composition and of a bright brick-red 

color." '"The change to these Red Beds, however, is not abrupt, and does not indi­
cate any break in the sedimentation." b Thei·e is · a basal gray bed of the Maroon 

a U. S. Geol. Surv., Mon.,· vol. 31, p. 33. · b Ibid, p . 34. . 
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formation (which in this district is not very conglomeratic) of about 200 feet in 

thickness, the remainder being a dark reddish-brown, impure, micaceous sandstone. 

The gray grits of this formation are made up almost wholly of granitic material, quartz, 

feldspar, and mica. The red sandstones are ferruginous and contain more caleareous 

and less granitic material. Spurr assigns to the Maroon formation a thickness of 

4,000 feet, and to the brick-red sandstone overlyinga thickness of 2,600 feet. 

The relation between the sections described by Spurr from about Aspen and that 

of the Crested Butte quadrangle is not absolutely clear, although geographically the 

two areas are not widely separated. The "\\7 eber forn1ation of the Aspen district 
appears to answer to the Weber formation of the Crested Butte quadrangle, though 

at Aspen its thickness is double what it seems to be in the Crested Butte quadrangle. 

The :Maroon formation appears in the Aspen district with characters considerably 
changed. These seem to persist more uniformly throughout the series, in such a 

manner that it no longer can be divided into two members, as in the Crested Butte 

quadrangle. There it is conglomeratic, especially ·in the upper portio~; but this 

character seems to be largely lost in the ·Aspen district. On the other hand, the 

dark-reddish color, which is one of the distinguishing characters of the upper mem­
ber of the original Maroon, seems to pertain practically to the entire series about 

Aspen. The Maroon at Aspen graduates into a bright-red series, the Triassic of 

many authors, which appears to be unrepresented in the Crested Butte region. In 

the one case the Maroon formation, in the other the Trias, is overlain by the Gunni­

son formation, which· was preceded by an erosionnJ unconformity. 

An argument might be constructed to show that the Maroon of Spurr represents 

only the upper member of the typical formation, but on the whole this seems -too 

improbable to require serious discussion. Unfortunately, the paleontologic evidence 

is not at hand to put these matters beyond dispute. 

\~Thile it is comparatively easy to see the general equivalence between Peale's 
' Eagle River section and the groups of rocks distinguished in the later monographic 

and folio work, it is a little difficult to satisfactorily determine their corresponding 

boundaries. 
In the Crested Butte quadrangle the Maroon formation is terminated above by 

an unconformity, and immediately followed by the Gunnison formation, of Mesozoic 

age. In the Aspen section Spurr distinguished above the beds correlated with the 

Maroon a series of bright-red sandstones referred to the Triassic. These are fol­

lowed by an unconformity, and then by the supposed equivalent of the Gunnison 

-formation. The b"eds which Peale counts as Jurassic appear to be same as the Gun- · 

nison formation of Spurr, and the latter's L eadville, Weber, and Triassic formations 
would be comprised in the series lying between Peale's Silurian and Jurassic . . 

These Peale discriminates as possible Devonian, Carboniferous, Permo-Carboniferous 
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or Permian, and Triassic. The.re are one Devonian, one Carboniferous, two Permian, 

and one Triassic section, which it will be desirable to consider. The Devonian, Car­

boniferous, and one of the Permian sections form, with the Silurian, a single con­

tinuous series. The other Permian section is probably continuous with the Triassic 

and with one of the Jurassic sections, and was made at a different locality from the 

first. Instead o~ being equivalent, I think Peale's two Permian sections are ~uch 

more likely to be nearly consecutive, the second being above the first, but over­

lapping, it may be, to some extent. I have quoted Peale's sections in full in another 

place, and discussed their relations. 
Above the beds which Peale refers to the Silurian occur black; flinty limestones 

with pieces of pyrite and fragments of Spirifer or Spiriferina. This is succeeded 

by a space probably filled mainly by limestones, the entire thickness being esti­

mated at from 1,000 to 1,500 feet. The black, flinty limestone is without much 

doubt the Leadville limestone, but probably not the entir~ thicknes:::; can be assigned 

to that formation, which is only 350 feet thickat Aspen and 206 feet thick in the 

Tenmile district . . After an interruption of 15 feet of trachytic rock, the section 

proceeds in an upward direction, with a space of 408 feet filled mainly with shale 

and sandstone, and having a limestone at the base, from which some fossils were 

·obtained that seemed to indicate Pennsylvanian time. Aviculopecten, Pleuroplwrus, 
and an Avimtla or Bakewellia are cited. The middle or upper portion of this series 

of poorly exposed beds probably belongs with the Maroon formation. The limestone 

at the base, together with those below, would then represent the Leadville and 

\Veber formations, so that the dividing line between the Leadville and . the Weber 

and between the Weber and the Maroon formations can not be ascertained. At all 

events, the calcareous beds of the Leadville and the Weber at this locality must 

aggregate about 1,500 feet, more or less. This is more like the Aspen section, where 

these two formations . amount to 1,350 feet, than the Tenmile .district, where they 

only measure 500 feet. In Tilden's section at Red Cliff also tliey have a combined 
thickness of 1,550 feet. The remainder of the Carboniferous section above the por..: 
tion supposed to represent the Leadville and Weber limestones amounts to about 

2,400 feet. The Permian section, which is continuous with it, is 1,276 feet 

thick. Together the two series comprise 3,676 feet, of about the same character 

, of . rock, and can safety be taken :a.s part of the Maroon formation. The '' Car­
boniferous" beds consist of greenish, brownish, white, gray, red, reddish-?rown, · 

and pink sandstones, which are sometimes conglomeratic ap.d more or less 
intermingled with shaly . beds. The Permian consists of gray sandstones and 

white conglomerate, with about 10 feet of blue limestone. The other Permian 

section consists of a lower portion 100 feet thick, which probably belongs in 
the Maroon conglomerate, and an upper portion 500 to 800 feet thick, which 1 think 
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should be placed in the Red Beds. The · lower division, which probably somewhat 

overlaps with the other Permian section but may follow it, with or without an inter­

val, consists of pink, brown, and gray shaly standstone, with thin interlaminate~ 

beds of limestone below' followed by shales, sandstones, and limestones in alternating 

colors of pink, brown, gray, yellow, white, cream color, and blackish. With the 

addition of these strata the equivalent of the Maroon would have a thickness of 4,376 

feet, approximately, and with the characters ·above designated. This thickness' is 

greater than that of the Maroon in the Aspen district, which Spurr places at 4,000 

feet, and less than the maximum thickness of the original Maroon, whieh measures 

4,500 feet. It is· possible, however, that . in the latter rp.easurement are included 

bodies of metamorphosed and no longer recognizable Triassic. The litholog·ic char­

acters of Peale's series differ in detail from either the Aspen or the Crested Butte 

Maroon, and seem to be more like the vVeber grits and Maroon series of the Ten­

mile and L eadville districts. The Maroon at Aspen seems to be nearly uniform 

throughout, to contain very little conglomerate, and to be of a dark brownish-red 

color. On Eagle River the conglomeratic bands appear to be more numerous, and 

while brownish and red beds occur, to eonsist mainly of grays. The originallVlaroon 

was divided into two approximately equal series, the upper of which was character­

ized by being a conglomerate and possessing a dark maroon color. On Eagle River 

beds of c~:mglomerate and others of deep-red color occur, but instead of being segre­

gated in the upper portion of the section, are distributed through it. The upper 

part of Peale's second Permian section, which I would unite with the "'Triassic" as 

part of the Red Beds, is, as I have already said, from 500 to 800 feet in thickness, and 

consists of gypsiferous shale and sandstone having generally a pinkish or red color. 

The Triassic contains 978 feet, and consists of sandstone of red~ pink, purplish, 
brown, white, and light colors, the red largely p redominating. United these two 
series make up 1,478 to 1, 778 feet of sediments, generally similar to Hpurr's Triassic 
and to the Wyoming formation of the Tenmile district, the former of which meas­

ures 2,600 feet and the latter 1,500 feet. In Tilden's section at Battle Mountain, 

near Red Cliff, he found above the Leadville limestone 1,000 feet of Carboniferous 
limestone which would seem to be the equivalent of the '\\.,. eber limestone and the 

Weber shales. In Peale's Eagle River section the Weber shale can hardly measure 

less than 1,000 feet, and at Aspen it measures 1,000. In the Crested Butte quad­

rangle, however, its thickness is from 100 to 550 feet, and in the Tenmile di.strict it 

is only about 300 feet. 
Peale found no distinctive invertebrate fossils, save a few species already 

mentioned. In the case of his Permian series, the age assigned rests upon a few 

plants which Lesquereux identified as Calamites suclcovH/ Brogn., Stigmaria ficoides, 
and Calamites gigas Brogn. Before accepting the Permian age of these beds, in 
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view of somewhat conflicting evidence upon this point, I should desire to see these 
identifications corroborated, and also the additional evidence o£ a largBr flora or 

. I . 

fauna . 
. Stevenson also describes a section, made on the forks of · Eagle River, at nearly 

the same point at which tha.t made by Peale was taken. At the base lies the 
Leadville limestone, some 200 feet above which is found a conglomerate 40 feet in 

thickness, f~liowed immediately by. 2,000 feet of sandstone, shale, and conglomerate, 
including gypsum beds. Reddish gray and yellow seerri to be the prevailing colors. 
Then come in about 500 ) feet of sandstones interbedded with limestones, some of 

· which contain Carboniferous fossils. The limestones are blue, and the sandstones 
reddish, gray, brown, etc. The upper member contains 2,500 feet of coarse sand­

~Stone, mostly of reddish-gray color and entire~y without limestones and shales. It 
is this member of the section to which Stevenson later compares the upper portion 
of the Arkansas sandstone in the Sangre de Cristo Range. Stevenson apparently · 

did not observe the series which is called by Peale Triassic, and for which the local 
name, Wyoming formation, is employed in the Tenmile district. No beds similar in. 

position and lithology t~ the Weber shales or limestone can be discerned in this 

section unless the space of 200 feet at the base cont::~.ins them. All these strata, 

therefore, would appear to belong to the Maroon formation of the .Cres.ted Butte · 
district or the Weber grits and Maroon of the Tenmile district. The peculiarities 

of this section' among which may be mentioned the segregation of the limestones 
near the middle, the gypsiferous nature of the lower portion and the character and . 

coarseness of its conglomerate beds, and the dark color of the upper portion ·which 
is compared with beds in the Sangre de Cristo having a reddish-brown tint, are 
probably not to be found together in any one of the described-sections, ~nd illustrate 

the great variability in detail of this series from point to point. 
In the Tenmile district the Upper Carboniferous formations discriminated by 

Emmons are the Weber and Maroon; theW yoming formation, above, is placed in the 
Trias. Of the Weber formation he recognizes two divisions, the .Weber shales and 

· the Weber grits. . The Weber shales, which appear to be the equivalent of the Weber 
formation of the Anthracite-Crested Butte folio and the Aspen monograph, are 
described as consisting of argillaceous and calcareous shale alternating with quartzitic 
sandstones. Beds of impure limestone contain Coal Measure fossils. -The thickness, 

which .is very variabJe, is assumed to .be about 300 feet. The Weber grits are part of 

the series elsewhere described under the name of Maroon conglomerate. The forma­

tion here distinguished by that name has an average thickness of about 2,500 feet. 
It consists mairtly of coarse sandstones, or grits, often very micaceous, with a subor­
dinate development of shales and a few thin and nonpersistent dolomitic limestones. 
The sandstones are generally light gray in color, and their prominent constituents 
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are quartz and feldspar, evidently derived from the Archean. The Maroon formation 

consists predominantly of coarse gray and red sandstone, in some places passing into 

conglomerates, with many irregularly developed beds of limestone. The red eolor 

is more common than in the Weber grits, and results from iron oxide in the cement, 

and not from the presence of pink feldspar. The
1 

limestones of the Maroon differ 
• I 

from those of the Weber in physical characters, and are generally nonmagnesian. 

The Maroon as here defined is limited by the R~binson limestone below and the 

Jacque .Mountain limestone above. The Wyoming formation has a maximum 

thickness of 1,500 feet, consisting principally of sandstones of an intensely brick-red 

color, with a moderate development of thin shales j and with limestones generally 

absent. The l:;andstones are often coarse, sometimes .conglomeratic, and composed 

mainly of Archean debris. Archean bowlders 2 feet in diameter are cited. 

The name "Wyoming formation" was first used in this connection in the Denver_ 

Basin monograph, a and by its employment in the Tenmile district a correlation is 

suggested with the bright colored Red Beds which occur on the eastern flank of the 

Colorado range. Emmons says that this name was used for these beds "not because 

of any fossil evidence of their age that could be found, but because by their position 

and. petrological character they most nearly correspond to the beds of this formation 

which elsewhere in the Rocky ·JVIountain region have, on fossil evidence, been 

determined to be Triassic. If the Permian is represented in Colorado, the evidence 

of which appears to the writer as yet very uncertain, it would be ineluded in these 

beds, which have evidently been deposited in direct and unbroken success~on over 

the Upper Carboniferous." 

It can be admitted that the \Veber shale of this section is the equivalent, in a 

general way at least, of the formation called · by the samename at Aspen and in the 

Crested Butte region, and ·that the Weber gFits . and Maroon bear the same relation 

to the Maroon formation of the Crested Butte quadrangle and Aspen. The 

\Vyoming formation appears to be the equivalent of the Triassic of the Aspen 

section. 

\\~bile in a general way this seems to be ~h~ appropriate c?rrelation of the 

different sections, there appear to be certain discrepancies in the lithologic character 

of the beds correlated. For instance, the origin of the material of theW eber grits of 

the Tenmile district seems to be the Archean, while the lower part of the Maroon 

at Crested Butte is derived from the older sedimentary series. Also it appears that 

the Maroon series at Aspen and the upper portion of the l\iaroon in the Crested 

Butte quadrangle are characterized by a dark-reddis~ color, more than is the case in 

the Tenmile district. The Wyoming formation of the Tenmile district appears to 

be more conglomeratic than the Trias of the Aspen section. Ep.1mons states that 

aU. S. Geol. Surv., Mon., vol. 27, 1816, p. t'>L 

14364-No. 16-03--12 . I 
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the Weber formation "corresponds in a general way to the V\7 eber quartzite of the 
Wasatch Mountain section and to the Lower Aubrey of the Colorado Canyon 

section" (Tenmile folio.) I have eh;ewhere stated more fully my own tentative 

correlatiOn of these beds. The Weber grits, together with the Maroon formation, 
as defined by Emmons, which he seems to exclude from the correlations expressed 

above, I would assign to the .Uinta sandstone, which Emmons at an earlier · date 
correlated with the Weber quartzite. According to my view the Aubrey sandstone 
is stratigraphically above the hodzon of the Weber quartzite and its equivalents. 

The corresponding beds in the Leadville district bear the names of Weber shale, 

W eher grits, and Upper Coal Measures. The Weber · grits are extremely variable 
in lithologic character and thickness, consisting of argillaceous and calcareous shales 
alternating with quartzitic sandstones. Impure limestones are sometimes developed, . 
and they are abundantly fossiliferous. A large fauna of Upper C,arboniferous 
species is cited in the Leadville monograph. The Weber grits, whose upper and 

lower limits are not sharply defined, have a thickness of 2,500 feet, and consist 
mainly of coars.e sandstones, passing into conglomerates. The typical rock is a· coarse 
white sandstone. A small Upper Carboniferous fauna is cited from a tolerably pure 

limestone occurring near the middle of the formation. The Upper .Coal ~Ieasures 
arc like the Weber grits, but in the Mosquito Range contain more calcareous and 

argillaceous beds (Tenmile folio). They consist of alternating calcareous and siliceous 
beds, the latter not being distinguishable from those of the Weber grits at the base, 

but passing upward into reddish sandstones, which in their turn are sometimes 
difficult to distinguish from the overlying red sandstones of the Trias. The lower . 
limit is taken at the Robinson limestone. The calcareous beds below the Robinson 
are all more or less dolomitic, while the Robinson limestone itself is a ptue limestone. 

The upper sandstones of this group are distinguished from the overlying Triassic 

beds by a deeper color, approaching a venetian red, whereas in the .latter the color 
is rather of a light brick red. A large fauna of Coal Measure type is known from 
this horizon. The corresponding formations in the Tenmile folio, which have already 
been briefly described, are too obvious to require special citation. In lithology and 
thickness there is a close correspondence. 

In the South Park region so~th of the Leadville disnric~ the Maroon formation 
seems to be continuously present, and still further to the south it forms the mass .of 
the Sangre de Cristo Range ·in ·Colorado. Its occurrences in this area have been 

described in a cursory manner by Stevenson and also by .Endlich and Peale, but no 
detailed sections are given. It was in this connection that Endlich used the name 
Arkansas sandstone. 

While the persistence of the Leadville limestone has caused it to be often men- . 

tioned by those who have writ~en of the geology of Colorado, the Maroon formation 
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is that to which most frequent reference has been made. It has seldom been described 
in detail save in the sections mentioned above, and t0 cite and comment upon all the 
references would be fatiguing and unprofitable. It is, however, seldom possible to 
recognize in these reconnaissance reports either the Weber formation as a distinct 

unit or the two divisions of the original :Maroon, for one of which the name Weber 
grits was subsequently used. From facts brought out by the literature, some of 
which have been repeated here, it seems safe to infer that the Maroon formation, 
though differing somewhat in character from point to point~ is persistent over the 
Elk Mountain, Grand River, and South .Park regions, being present wherever the 

horizon for it is brought to view. The Weber formation, however, much thinner 
than th~ ~Iaroon and less prominent than the Lead ville formation, can hardly be 
recognized outside of a few detailed sections. In Fossil Ridge 45 feet of light shale, 

followed by 150 feet of light blue and yellow limestone and quartzite and 50 feet of 
yellow, reddish, and whitish shales, may belong to this formation. They rest upon 

the Leadville. The occurrence of the Weber at Crested Butte, at· Aspen, on Eagle 
River, at Red Cliff, and in the Tenmile and Leadvilie districts has already been 

described. South of Leadville I have not been able to identify it in the South Park 

region, though this is perhaps due to a lack of detailed information. If present, this 
series would probably contain the gypsum beds mentioned by Stevenson. In two 
sections described by Endlich it may be represented by part of the series which 
have been taken to belong to the Leadville limestone. This consists in the one case 

of gray and brown shale and dark-blue limestone, and in the other of bluish shale 
and gray saceharoidal limestone. 

The great mass of the Upper Carboniferous sandstones and conglomerates 
appears to have been at one time continuous over most of central Colorado, and its 
distribution is still very wide. These strata seem to be generally present over the 

Grand River region, the Elk Mountains, and the South Park region, and they form 
the mass of the Sangre ·de Cristo Range southward to Costilla Peak, near the 

southern border of the State. Several geologists have described their occurrence in 

this range, but records of detailed study are rare. Endlich gave to them the name 
of the Arkansas sandstone, though but little satisfaction can be obtained from his 

reports. At one point in the San Luis district he describes the Arkansas sandstone 
as over a mile in thickness, consisting of heavy beds of red sandstone more or less 

interstratified with dark-brown shale and containing isolated beds of limestone. In his 
Southeastern district it appears to be made up chiefly of red sandstone interstratified 
with red shale and blue limestone. Stevenson says but little of these strata as they 

appear in the northern part of the range; but describes in more detail their occur­
rence m the southern part, where he recognizes two series, both of which are 

· included in the Carboniferous. The lower one has a total thickness of 3, 727 
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feet, and contains the following elements, beginning at the base: Conglomerate, 

with red sandstone and red shale, 800 feet; blue fossiliferous limestone, 7 feet; red 

~hale and sandstone, 700 feet; blue unfossiliferous limestone, 20 ~eet exposed; red 

sandstone and reddish shale, 300 feet; gray limestone, richly fossiliferous, 100 feet; 

and reddish sandstone holding beds of red shale, 1,800 feet. The upper series is a 

i·eddish-brown conglomeratic sandstone not far from 2,500 feet thick: Large frag­

ments of granite, gneiss, and quartzite prevail, but witq these a:re some of sandstone 

and limestone. ''This part of the section bears close resemblance to the upper divi­

sion of the Carboniferous series seen on the Eagle River of central Colorado." a 

The entire thickness of this series is 6,200 feet, distinctly greater than at any point 

at which measurements have elsewhere been made. 

Stevenson s comparison of the upper beds in the Sangre de Cristo with the upper 

division of the Carbo~iferom; on Eagle River (=the upper Maroon?) is suggestive, 

and the two divisions distinguished in the Sangre de Cristo can . be compared with• 

the two divisions of the Maroon formation in the Crested Butte district. This is 

'especially true of the upper division, which measures the same in both areas, 2,500 

feet. The lower division in the Sangre de Cristo is much thicker. In the San Juan 

the uppt>r division is reduced to 300 feet (Rico formation) and the lower to 1,800 

fe~t (Hermosa formation). _In the Dolores River region, . however, the upper 

division appears to be entirely absent, while the beds supposed to be equivalent to 

the lower division have about the same thickness ·as in the Sangre de Cristo, aggre­

gating: according to Peale, 3,500 feet, to which possibly 300 more feet should be 

added from his Permian series. The fauna found by Lee near the base of Steven­

son's lower division distinctly favors its correlation with the Hermosa and lower 

Maroon series. 
W. T. Lee has recently published a very detailed section embracing about 400 

feet at the bottom of the Arkansas sandstone. It was made on the east side of ·the 

range at a point directly west of Trinidad, near the southern end of a tract having 

its center at Trinchera Peak, which Endlich mapped as Lower Carboniferous. A 

· horizon about 100 teet above the crystallines contains a well-marked Pennsylvanian 

fauna, and as no evidence of the Mississippian was found, nor any significant litho­

logic changes, there can be little doubt that the lowest beds at this point belong in 

the Upper Carboniferous. Lithologically the series described by Lee consists of 

numerous alternations of coarse red grits and sandstones, red and black shales, and 

limestones. The fauna colJected by Lee presents points of individuality, but is· 

distinctly that of- the Hermosa formation in distinction from the Rico f~una~ 

The Arkansas sandstone for the most part rests directly upon the Archean, the 

earlier Paleozoics probably having been lost by erosion prior to its deposition . . 

aU. S. Geog. Geol. Surv. W. IOOth Mer., Rept. , vol. 3, Suppl. p. 74. 
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There can be no reasonable doubt of the absence of these Rtrata in Lee's section, but 

as we have just seen, reputed Lower Carboniferous is ·mapped by Endlich about 

Trinchera Pea~, while on the west side of the range, almost opposite where Lee's 

section was made, E. C. and P. H. Van Diest found the Sawatch quartzite and the 

Yule limestone in an area where the Arkansas sandstone is represented in the Hayden 

atlas. Lee cites Coal Measure fossils from several horizons near the . base of the 

Arkansas sandstone, and fossils more or less diagnostic of the same age were reported 

by Hayden, Ruffner, Endlich, and Stevenson, the earliest as far back as 1869. The 

general resemblance to the Maroon formation, as it appears at other points in Colo­

rado, of the series to which Endlich applied the name Arkansas sandstone i~ the 

Sangre de Cristo Mountains is apparent . . It is to he remarked that in spite of the 

uniformity in general characteristics and the variability in details which this forma­

tion shows it seems generally divisible into two more or less equal portions. This 

has been done by Stevenson, as we have just seen, in the Crested Butte quadrangle 

and in the Tenmile and Leadville districts. Frequently the upper division seems to 

be characterized by a deeper red color than the lower, though when the lower has 

but little of a reddish tinge the upper does not show the same brownish red that 

appears where the lower is darker. The occurrence ~f coarse conglomerates derived 
from the Archean is. somewhat variable. Stevenson cites conglomerates of this 

character and origin from the upper division in the Sangre de Cristo Range and 

from the top of the lower di vision on the forks of Eagle River. In the Crested Butte 

district sediments of this type appear in the upper half of the :Maroon, while in the 

Tenmile section they occur in the Wyoming sandstone. This circumstance suggests 

a consideration of the possibility of the \i\T yoming sandstone and its correlates 

being only local variations of the same large series. The great variability in detail, 

especially in color, of this series at different points would lend probability to such 
a supposition, and the fact that where the thickest sections of the Maroon occur 

(Crested Butte quadrangle and Sangre de Cristo Range) sediments of the Wyoming 

type are not found. On the other hand, the very general change of tint to beds dis­

tinguished by distinctly brick-red color, the over lap of these beds upon the Archean 

(as along the Front Range and in the Dolores Valley), and the marked faunal break 

which sometimes occurs (as in the San Juan region) between the brick-red series and 

the underlying Carboniferous strata, seem to indicate that this is a distinct group. 

Stevenson's comparison of the upper series of the Sangre de Cristo Rarige with the 

upper portion of the Eagle River series is interesting, because the Eagle River beds 

appear to belong to the Maroon conglomerate ~nd to occur below the horizon of the 

Wyoming sandstone. . 
Except for rare patches of older Paleozoic beds and the occasional overlapping 

of sediments of later deposition, the strata lying next to the granite and almost con-
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tinuously exposed -from the Wyoming line southward to the Greenhorn 'Mountains 
belong to the well-known Rocky Mountain Red Beds. These have usually been 

referred. to the Triassic, but occasionally the lower portion has been called Carbonif­

erous. The evidence in either case is for the most part indirect, remote, and un~at­

isfactory. It wpuld hardly be worth while to quote every opinion which has been 
expressed as to the age of the Red Beds of the Front Range in Colorado or to 

recapitulate all the terms in which these strata have been described, but some of the 
more important evidence and some of the more significant sections will be repeated 

in the pages following. 
Except for the Sangre de Cristo Range, which is composed largely of Carbonif­

erous sandstones and conglomerates, the only areas of Carboniferous beds repre­
sented upon the Hayden atlas along the mountain front from the north to the south 

line of the State consist of five small disconnected areas. One of these is on the 

Wyoming line, another i~ in Pleasant 01: Perry Park, a third in Manitou Park, a 
fourth in the Garden of the Gods, and the last in the Wet Mountains. southwest of 

Pueblo. That near the north line and that in Perry Park is Upper Carboniferous; 

in Manitou Park and southwest of Pueblo, Lower Carboniferous, while in the Garden 

of the Gods both Lower, apd Upper Carboniferous. seem to _occur. 
King recognizes three series in the Red Beds as ·they appear upturned on the 

flanks of the Front Range in Wyoming and in northern Colorado. On the east side 
of the range the lower division is composed of red limestone and reddi~h sandstone~ 
arid has a thickness of abo.ut 150 feet. It contains no fossils, but is regarded by 

King as representing all of Paleozoic time prior to the Carb~nifero_?s, and he corre­
lates it with the Primordial of the Black Hills, which it resembles lithologically and 
which has a similar stratigraphic position. 

Above this series follows one composed chiefly of limestone and having a thick­
ness of about 700 feet. The limestones are blue, gray, and red in color, siliceous _ 
and sandy, and more or less interstratified with sandstones and conglomerates. They 
contain fossil shells which show_ the geologic age to be Pennsylvanian. These strata 

in several ways suggest the Rico formation of the San Juan region. 

Upon these rests the Triassic. Of this series King says: ''Taken as a whole, 
and with the exception of the gypsum and limestone beds, which nowhere within 
our field of observation exceed 40 feet in thickness, it is essentially a sandstone 
series, for both clays and shales are exceedingly arenaceous, and the dominant 

. color is a brick red for the lower half of the series and variable lighter reds, pinks, 
and yellowish reds for the upper half. While this division of color holds good in 
general, it is often varied by extremely brick-red, almost vermilion-colored beds 
appearing near the top, and light ones intercalated in the. region of the heavy red 
lower strata." The thickness of this series is from 300 to .850 feet. It rests with 
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apparent conformity upon the Carboniferohs, but makes a striking overlap upon the 

Archean. No fossils occur in it except ob+ ure and ill-preserved fragments of wood. 

On the west side of the range thesj beds appear with somewhat increased 

thickness. The Paleoz.oic . ser. i.es measure 1,200 fe. et in.stead of 850, Carbonife.rous 
fossils occurring 200 feet above the base. . 

Too much i~portance need not attach, in the case oi" the lower division, to King's 
correlation with the Black Hills Primordfal, and as there appears to be really no 

satisfactory evidence. for distinguishing t l e lower series from tha. t a b. ove, it seems 
best for the time being to assign both to the Upper Carboniferous. The striking 

overlap of the Triassic sediments, however, would seem to sanction their recognition 
as distinct from the Carboniferous. In tllte Laramie quadrangle an overlap of this 

sort occurs, which according to · Knight~·s only apparent, the lower beds of the 
Triassic which lie next the granite being ontinuous with the Carbonife. rou.s farther 
north. It is possible that other suppos d cases of overlap may find a similar 
explanation, but without doubt some are r al. 

The Paleozoic series does not, upon the west side of the range, extend into 

Colorado territory, but its outcrop upon he east side reaches a short distance in~o 
the State. It. is with little doubt these be 1 s that are represented in the Hayden atlas 
near the Wyoming line, and as they appe r under the Carboniferous color without 
any Silurian intervening between them a d the granite, it would seem that Hayden 

also did not recognize King's lower series as older than the Coal Measures. · 

Marvine examined the Red Beds i the northern part of the Front Range 

region, and describes them as varying in hickness from 1,600 or 2,000 to 400 feet, 
and consisting of red sandstones. The te ture varies from coarse grits and moder­
ately coarse sandstones, with fine exampl s of cross bedding, to quite fine-grained 

and shaly layers, which occasionally rna e up a considerable thickness. The con­
glomerates are mostly confined to near th base, where they are plainly derived from 
the subjacent rock. Dark red is the pre ailing color, though light red, yellow, and 

cream-colored beds are frequent, and ma~in places predominate. · 
These rocks, which rest upon the gr nite, Marvine refers, as was customary, to 

the Triassic, and probably they are, for the most part at least, the equiva. lent of 
King's Triassic, the Paleozoic series bei 1 g concealed by overlap. In son;1e of the 
thicker sections, however, I suspect thu.t arboniferous beds are present. 

Part of the area examined by Marv ne forms the subject of the detailed work 
by Emmons, Cross, and Eldr~dge, the res Its of which appeared as the Denver Basin 
monograph. 

To the Red Beds series as it occurs n the Denver Basin, Emmons, Cross, and 
Eldridge give the name Wyoming for ation. They describe it as copsisting of 
brilliant red conglomerates, sandstones, a d shales, with thin limestones and gypsum 
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in the upper part. The thickness varies from 500 to 3,000 feet, but is generally 
somewhat under 1,500 feet. The formation is separable about midway into a lower 
division of soft, friable conglomerates and coarse sandstones, with few shales, and 

an upper one of shales, with some prominent sandstone bands, narrow beds of 

limestone, and small local deposits of gypsum. The lower 5 to 20 feet of the Red 

~eds is nearly everywhere composed of coarse, subangular fragments of the adjacent 
granites, gneisses, and schists, with a small admixture .of their derived sand, which 
shades in places to a red, arenaceous mud. Succeeding this formation is a series of 
heavily bedded sandstones and grits, with small local beds of arenaceous shale. The 

normal thickness is about 1,200 feet. The color varies from prevailing red to gray, 

according as the chief constituent of the rock is red feldspar or quartz. The lower 
200 feet of sediments are generally ·coarser and less compact than those overlying. 

These pass, by a broad transitional zone of lighter red sandstones, to the upper mem­

ber of the lower division, a bed of creamy white sandstone from 200 to 400 feet 
thick. It contains impure limestones and some conglomeratic layers. The lower 

half of the upper division consists of bright brick-red arenaceous shales and saud­
stones, with important intercalations of limestone. The strata above the limestone 
series become more and more arenaceous, though still retaining in iarge degree 
their shaly nature. At 150 or 200 feet below the top of the Trias the strata become 
more clayey,' and take on a 'variety of irregularly distributed bright ·colors-gray, 

yellow, red, green, pink, and lilac. In this zone gypsum and brown earthy lime­
stones are com_mon. The Trias usually closes with a sandstone from 15 to 25 feet 

thick. The "' yoming formation is overlaid by the Morrison formation, the former 
being assigned to the Triassic and the latter to the Jurassic period, The Wyoming 
is supposed to overlie the Fountain formation, by which name Cross designates the 
lower portion of the Red Beds in the Pikes · Peak quadrangle, but it has suggested 

itself to me that probably a part of the 'Vyoming formation may locally be equiva­
lent to the Maroon. The great variability of the lower membei', the lower half of 

which ranges from 270 feet to 2,000 feet, might be taken as evide~ce that at the 

points of greatest thickness the lowest beds belong to a different and -older formation. 
The lithology of the lower division is not unlike that of the Maroon, while it is only 

the upper division which is described as being brick red. Emmons otfers a sim~lar 
suggestion on page 19 of the monograph. No fossils were found in the Wyoming 
formation and the evidence for assigning it to the Trias is more or less unsatisfac­
torv. In the Morrison, however, remains of Jurassic dinosaurs occur. 

In· a paper read before the Geological Society of America, but never published, 
save by abstract, N. H. Darton recognizes in the fine section at Morrison a limestone 

which he identifies with the Minnekahta limestone of the Black Hills, "having," he 
says, ""precisely similar stratigraphie relations in the Red Beds and containing some . 
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of the same Permian fossils, although these are scarce and not well preserved." 

Darton does not state more specifically the species found at JVlorrison, nor have the 

fossils themselves come to hand. He obtained from the same horizon at Lyons, 

farther north, however, a hand specimen containing more or less indistinct impres­

sions of a gasteropod and a peleGypod. The former is very small and has the general 

appearance of a .Natica or .Naticopsis, but may be something quite different. The 
pelecypod is also small, oblong, and transverse, having somewhat the shape of a 

small _Pleurophor'us, but in this case also the generic position is indeterminable. 

Taken by itself this fauna is altogether negative as to the question under considera­
tion, while a comparison with the fauna of the Minnekahta liri1estone of the Black 

Hills is almost equally inconclusive. It would be unsafe to say that neither of the 
species from Colorado occurs in_ the Black Hills, but the gasteropod has not yet been 

found there, and though I should be unwilling to sta_te definitely that the pelecypod 
is different from some ill-preserved forms among the Black Hills fossils, I believe 

that it is not the same. For the present, therefore, it will probably be best to regard 
the paleontological evidence as nil. Reduced to a proposition of identification of 

horizon by means of tracing lithologic character and stratigraphic position, the 

correlation may be accepted with caution. 
The area south of that examined by Marvine was the subject of Peale's report 

for 1873. Peale gives no general description of the Red Beds and attempts no 

classification, save byealling the lower portion Triassic, with a Jurassic series over­
lying·. The Triassic beds, which are in a general way the equivalent of the typical 
Vv yoming formation, espeeially with the upper portion of the thicker and all of the 
thi nnei' sections, consist mainly of red, pink, and white . sandstones, and are repre­
sented upon the Hayden atlas as continuous from the South Platte, where Peale's 
district begins, to Perry Park. Between Perry Park and Colorado Springs they are 
concealed by overlap of later sediments, while in the vicinity of Colorado Springt:J 

and in M~nitou Park areas of greater or less extent are represented. The Triassic 
beds appear to be for the mostpart in direct contact with the Archean, but at Perry 
Park, Manitou Park, and Colorado Springs areas of Carboniferous and in some 
cases Silurian strata are represented _as underlying them. While the Triassic appar­
ently consists mainly -of sandstones, the Jurassic oon1prises for the most part lime­

stones and shales, and probably is the equivalent more or less precisely of the 
Morrison formation. 

The Hayden a.tlas represents Upper Carboniferous sediments as intervening 
between the granite and Tri~ssic in Perry Park. As I have already shown, the lime­
stone _described by bot~ Peale and Lee as lying near the base of the sedimentary 
series in Perry Park carries Mississippian fossils and is to be correlated with the 
Millsap limestone. The sandstone beneath it I think may possi~ly be Cambrian. It 
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is these beds which are represented under the Uppei· Carboniferous color in the atlas, 
and possib_ly some of ·the Red Beds above are included with them. Peale, in his 
Pleasant Park section, refers the . overlying sandstone to the Triassic.. Lee, however, 
is disposed to assign to the Carboniferous a series of un~esignated thickness at the 
base of the Red Beds in Perry Park, which ·he correlates with the Fountain forma­

tion of the Pikes Peak quadrangle. He represents this series upon his map as occur­
ring beneath the Triassic or Red Beds in. Perry Park, but not farther north, on Platte 
Canyon. If this correlation with the Fountain formation is authentic, the appear­
ance, at the base of some of the thicker sections of the typical Wyoming formation, 
of beds representing the Fountain series, is much more probable. 

A considerable area of Triassic is represented by the · Hayden atlas as occurring 
in Manitou Park, and beneath it beds of Lower Carboniferous and Silurian age are 
colored in. I can not see upon what evidence the Lower Carboniferous color is 
introduced into this area, however, as the Millsap limestone is ~pparently missing, 
while that portion of the "Triassic" coming in the southern part of the tract depicted 
on the map, w-hich is included in the Pikes 'Peak quadra_ngle, is regarded by Cross as 
belonging to the Fountain formation, supposed by him to be of Carboniferous age. 
From the best evidence at hand, therefore, it would appear that the " Lower Car­
boniferous" is probably lacking in Manitou Park, that the "Triassic" of that area 
represents the Fountain and not the Wyoming formation, and that it is probably 
Carboniferous and not Triassic in age. 

Near Colorado Springs the Triassicjs represented as underlain by Upper Car­
boniferous, Lower Carboniferous, and Silurian beds. I ·have elsewhere suggested 
that in Peale's Glen Erie section part of a considerable thickness of limestone 
lying beneath the Red Beds is to be correlated with the Mills~p limestone, and it 
is probably this bed which is .represented as Lower Carboniferous on the Hayden 
atlas. In this section Peale g~ves as occurring above the Millsap limestone ( ?) and 
below the tJ urassie about 1,200 feet of sandstone of red and white colors, which he 
calls Triassic. It seems probable, in fact, that all these beds belong to the Fountain . 
formation, and that the Triassic, though represented on the map, is really absent, 

·the ·Morrison coming down upon the Fountain formation exactly as in Garden Park~ 
in the P1kes Peak: quadrangle; and it . is apparent from the following quotation that . 
Hayden must have referred nearly if not quite all of Peale's Triassic beds to the 
Carboniferous. Hayden says, "On the small map of 'Colorado Springs and vicinity,' 
a hght band will be seen between the Silurian on the west and the Red Beds or 
Triassic on the east, which represents a peculiar groui:> of strata not obsei'~ed else­
where on the eastern slope, but resembling very closely a series of variegated beds, 
described by Dr. Peale. in the annual report for 1873, in the · valley of Eagle River, 
which yielded welJ;..marked Carboniferous types. · This group of strata is composed 
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of variegated beds of sandHtones of vari us textures alternately with layers of arena­

ceous clay. The entire thickness wf s stimated at about 1,000 feet . . It is most 
probable that these beds are Carbonif~r us." a The beds on Eagle River with which 
Hayden compares this series (section 23, p. 244) form part of the ~1aroon formation. 

South of Colorado Springs the P~le zoics and Red Beds are concealed for a short 

distance by Cretaceous overlap, but t j e ayden atlas represents a ~onsiderable tract 
of Triassic and Silurian across the sJ ut ein end of the Colorado Range, north and 
northeast of Canyon. Much of this ~re is included in the Pikes Peak quadrangle, 
where Cross recognizes two Carbonife ous formations, the Millsap limestone · and 
the Fountain formation, intervening be ween the Ordovician.Fremont limestone and 
the Morrison formation of Jurassic age. The ·Millsap limestone is probably included · 

under the "Silurian" color, the Fount in beds being the Triassic and the Morrison 
the Jurassic of the atlas. The eondit ons ,here would then be the same as I have 

supposed them near Colorado Springs, ith the "Triassic" or Wyoming beds absent 
beneath the Morrison. Neverth~less, ast of the Pikes Peak quadrangle this series 
is supposed to reappear above the Foun ain formation . 

. The Millsap limestone is, of course, of Mississippian age and has been considered 
in the appropriate section. Cross's de£ ition of the Fountain formation applies alike 
to the outcrop in Garden Park in the s uthern part of the quadrangle and to those 

in the northeastern part which connect ith the exposures in Manitou Park north of 
the area. This consists of a s~ries hie:fly of coarse-grained, crumbling, arkose 

sandstones in heavy banks, locally cong omeratic and mottled with gray and various 

light shades of red. Near the base an at intervals throughout the series are verY. 
dark-red or purplish layers of arenac ous shale or fine-grained sandstones. The 

thickness is about 1,000 feet. No fossi s were found by Cross, from whose descrip­
tion the facts noted above were cl.erive , but the formation was referred by him to 
the Carboniferous, because of a simi arity to the Arkansas sandstone, of known 
Carboniferous a.ge. The beds overlyi g the Fountain formation are the Morrison 

formation, the same series by which the Wyoming formation is followed in the 
Denver Basin. East of the Pikes Pea quadrangle, however, another seri~s resem­
bling the "\Vyoming comes in above th Fountain formation, intervening between it 

and the Morrison formation. Becaus the Fountain formation seems to represent 
a distinct series underlying the W roming beds, the name "Wyoming" wag 

introduced for the younger series in he Denver Basin monograph. At the same 
time I suspect that in local sections pa ·t of . even the typical Wyoming is equivalent 

to the Fountain. Hayden also regar ed this series as distinct from the Red Beds, 

as indicated in. the passage quoted a ove, which, however, refers to the exposures 

west of Colorado Springs. 

aU. S. Geol. Geog. Surv. Terr., [ ighth] Ann. Rept., for 1874, 1876, p. 42. 
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Stevenson cites the following section from Beaver Creek a few miles northeast 
of Canyon: 

· Section on Beave·r Creek. 
Feet. 

1. Sandstone, soft, blood-red, shaly above, conglomerate below. _____ .... 100 
2. Gypsum ____________ . _____________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 100 

3. Sandstone, soft, mostly deep-red, with layers of gray, somewhat mica­

ceous, shows much cross bedding and is entirely unaltered. It is con­

glomerate throughout, but especially so at the base, where for several 

hundred feet it contains pebbles as large as a hen's egg and com­

pletely agatized. The coarseness of the material diminishes regu­

larly to the top, where it is comparatively fine in grain. Estimated 
thickness ________ _________ ________________ __ _______________ " _ _ _ _ _ 2, 500 

The locality of this section is within or just ~utside the area of the Pikes Peak 

.quadrangle, and the strata which Stevenson refers to the Triassic probably belong 

in the Fountain and Morrison formations. The thickness of the lower series, 2,500 

feet, which is only estimated, is much greater than Cross cites for the Fountain beds, 

and it is possible that in it are included . some of the Wyoming series, which is sup­

posed to intervene between the Fountain and the Morrison east of the quadrangle; 

At the same time Gilbert allows the Fountain formation a thickness of 2,100 feet in 

the Pueblo quadrangle near by. 

South of Canyon the Red Beds . and Paleozoics are again concealed for a short · 

distance, but reappear on the eastern side of the \Vet ~Iountains southwest of Pueblo 

in an area which is represented in the Hayden atlas under the Lower Carboniferous 

and Triassie colors. A portion of this area is included within the Pueblo quadrangle, 

where the beds designated as Lower Carboniferous and Triassic on the Hayden maps· 

are called by Gilbert the Millsap limestone and the .Fountain formation, these names 

being, of course, borrowed from the Pikes Peak quadrangle, which lies northwest of 

the Pueblo quadrangle and corners with it. As I have al~eady suggested, the upper 

half at least of Gilbert's Millsap is without much doubt the equivalent of the original 

Millsap, but because there is a considerable thickness. o£ the Ordovician Fremont 

limestone at Canyon it seems possible that the lower portion may be older. 

Gilbert refers the Fountain forn~ation to the Juratrias period and describes it as 
consisting of coarse. deep~ red sandstone containing a considerable admixture of clay. 

In the upper half of the series are many beds of red and ·chocol~te-brown shale, in 

the lower part are conglomerates. The lowest bed seen is a coarse conglomerate 

containing pebbles and bowlders of gneiss, schist, and granite similar to those of the 
adjacent Archean. The thickness near Beulah is ' 2,100 feet. The top of the series 

is not there seen, but the missing beds are probably thin. The Fountain formation 

here, as farther north, and like the Wyoming formation of tne Denver Basin, is 

succeeded by the Morrison formation. 



RECAPITULATION OF PALEOZOIC FORMATIONS. 189 

This is the last of the Paleozoics mapped in the H~yden atlas along the moun­

tain front in Colorado (except the Sangre de Cristo Range) and all but the last of the 

Triassic, though a small area of the latter is represented at the southern extremity of 

the Greenhorn Mountains. Part of this tract is embrac
1
ed by the Walsenburg quad­

rangle, where Hills has mapped the" Triassic" beds under the name of the Badito for­

mation, which, however, he places somewhat doubtingly in the Carboniferous. The 

upper half of this formation consi~ts of brick-red sandstones about 100 feet in thick­

ness, generally massive, but sometimes shaly. It is supposed by Hills to correspond 

to part of the Fountain formation. The lower half consists of about the same thick­

ness of very coarse conglomerate of a brownish-red color. In the Sangre de Cristo 

Range, according to Hills, the stratigraphic section corresponds very nearly with 

that at the southern extremity of the Greenhorn Mountains, except with respect to 

the thickness of the conglomerate. There is in each ca1se about the same amount of 

capping red sandstone, but the coarse conglomerate aind sandstone upon which it 

rests attains, in the Sangre de Cristo Ra:f!ge, a thickness of several thousand feet. 

Like the Fountain beds both in the Pueblo and in the Pikes Peak quadrangle, the 

Badito formation is succeeded by the Morrison forml1ltion, which here, as usual, 

probably is more or less closely the equivalent of the Jll!rassic of the Hayden atlas. 

The sequence described by Hills in the Walsenburg folio and the comparisons 

made by him with the Sangre de Cristo Range make it almost appear as if in the 200 

feet of strata exposed in that area the dividing line between the Wyoming and 

Fountain formations was contained, part of the Badito belonging to one and part to 

the other formation. If the upper or brick-red portioq of the Badito formation be 

really the equivalent of the Wyoming formation, then ~he latter, greatly reduced in 

bulk, must be present in the Sangre de Cristo Range, a point of some interest in the 

distribution of that formation. Of course on this supposition it would be the lower 

and not the upper portion of the Badito which is equivailent to the Fountain. How­

ever, it seems to me a little more probable, from the f31ct that the Wyoming forma­
tion is apparently. absent in the Pueblo quadrangle and over so much of the Sangre 

de Cristo Range, that the brick-red sandstone of the falsenburg quadrangle does 
not really represent it, but is a local manifestation of thie Maroon formation. 

South of the Wet Nlountains the line of outcrop is taken up by the Sangre de 

Cristo Rang·e, composed largely of the Arkansas sandstone, whose age is Upper 

Carboniferous. The Triassic and even the Jurassic s~em here to be absent, con­

cealed, it is safe to say, beneath the overlapping Cretaceous. The Paleozoics of the 

Sangre de Cristo Range are discussed in a separate sect~on . 

The relation of these formations lying along the Front Range to one another 

and to the Red Beds in the interior mountain region, an:d also their geologic age, are 

questions in the highest degree perplexing. 
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In central Colorado the Mar·oon formation, variable in color and in the details 

of its lithology, but uniform as to its general character, is over considerable areas 
followed hy what seems to be a distinct series, characterized by a persistent brick­

red color. This is the Triassic series of most writers. The evidence derived from 
fossils is, unfortunately, lacking, as these beds have proved for the most part unfos­

siliferous in Colorado; but, basing their opinion upon .whatever evidence was avail­
able, most geologists who have examined the strata on both sides of the Front Range 

agree in correlating the bright-red series of the eastern flank with the similar though 
q mte differently associated beds of the western flank. This is true of Peale, Mar­

vine, Hayden, Hague, Emmons, King, _and others. Emmons, indeed, uses for a. 
formation in the Tenmile district the same formational name which was employed for 

the Red Beds in the Denver Basin, viz, Wyoming formation. _ It seems necessary, 
therefore, to adopt as probably correct this correlation, in which all seem to eoncur, 
until t4e final paleontological test can be applied. If Cross and Hayden were correct 
in their statements relative to the Fountain beds, we have in that formation the 

equivalent of the ~Iaroon conglomerate of the interior region. · 
Considering the Red Beds as 1 have traced them through the work of others 

from the north to the south line of Colorado, there appear to be two distinct series, 

showing a certain amount of system and regularity in their development and dis­
tribution. The lower of these, the Fountain formation of Cross, is p~obably of 
Carboniferous age. Its greatest development is southward. The other is the 

Wyoming formation, whose age still remains in dispute, but is probably Triassic, 
though Darton has brought evidence, which ought not to be disregarded, tending to 
~how that it is equivalent to the "Permian" of the Mississippi Valley. If this is so 
the overlap of this series upon the Carboniferous assumes especial importance, but 
it would militate against the correlation with the '~Triassic" of the west side of the 

Front Range, supposed to be the same as the Dolores formation of southwestern 
Colorado in whieh the remains of Triassic vertebrates have been found. 

IJ? the Sangre de Cristo Range the sandstones and conglomerates which carry 
Carboniferous fossils attain a thickness of 5,000 feet. Endlich has there given these 

::;trata the name "Arkansas sandstone," and they are without inuch doubt equivalent 
to the Maroon formation of -central Colorado. It seems highly probable that the 

beds which Hills included in his Badito formation in theW et Mountains only 20 m~les 

to the east, though but 200 feet in thickness, belong to the same series. · This area 

seems to be diseonnected a to the north and to the south. 

Another disconneeted area of probably the same series occurs in the Pueblo 
quadrangle immediately north. Here it reaches a thickness of 2,100 feet, increased 

a The word disconnected is employed in the sense of "without visible connection." Probably all these areas are 
continuous under cover except the Manitou Park basin, which in the true sense is disconnected. 

. I 
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:from 1,000 :feet in the Pikes Peak quadrangle, a~~ d speculation is permissible as to 

whether .the Fountain :formation of Gilbert may not ~nclude some portions of the 
Wyoming series, which appears to have no eq ivalent in Gilbert's section. His 

deRcription, however, is more applicable to the M roon )than to the Wyoming :forma­

tion. The apparent absence of the \Vyoming :fo~ mati!on in this area is in line with 
its apparent absence over the southern portion of tble Elk Mountains and in the 

Sangre de Cristo Range. In the Pikes Peak qu drangle to the northwest a consid­

er·able amount of these beds exists. Cross refer[ the 
1 

Fountain beds in this area to 

the Carboniferous, especially on account of their I resemblance to fossilifer~us strata 

on the Arkansas River, 50 miles to the west. Thes~can be no other than the Arkansas 
sandstone of Endlich's reports; Cross measures 1,000 feet 0:f these beds. Gilbert 

recognizes the Fountain :formation in. the Pueb qu~drangle, and assigns to it a 

thickness of 2,100 feet. Hills, in the \.Valsenburg f uadrangle, finds a greatly reduced 

thickness, only 200 feet, the upper half a brick-r~d sandstone, which he compares to 

the Fountain :formation, the lower half a brown cbnglomerate, which he compares to 

the sedimentaries of the Sangre de Cristo Range. Here, again, it must be the 

Arkansas sandstone which is meant. Thus the comparison made by Cross would 

indicate that the Fountain beds were the same as the .Arkansas sandstone, while that 

of Hills would imply that it was a distinct series overlying· the Arkansas sandstone. 

The upper division of Hills's Badito formation by i~s character and position in the 

section suggests the Wyoming formation, but as that series appears to be absent both 

from the Sangre de Cristo Range and in the Pueblo ~nd Pikes Peak quadrangles it 

seems more probable that this brick-red member is onlJ a locally differentiated phase 

of Fountain sedimentation. The thickness of the Fount!:).in in the Pueblo quadrangle is 

somewhat startlingly out of proportion to that in the
1 

Pikes Peak and Walsenburg · 

districts, but the series with which it is supposed to Ue equivalent in the Sangre de 

Cristo Range and in central Colorado attains a thickness of 4,000 to 5,000 feet, and 

the difference here is probably due to an unconformity) with the overlying Wyoming 

t'leries, of which the marked overlap of the latter is ad1itional evidence. 

The area to the east and south of the . Pikes PeaK quadrangle is likewise 

disconnected, and the same is true of the series as itJ appears in the Manitou Park 

Basin. It occurs again m the Garden of the Gods, wh€1re Hayden reports about 1,000 

feet, and it also exists in Perry Park, though Lee does not discriminate any definite 

thickness there. The great variation in thiCkness of the Wyoming formation in 

different sections in the Denver Basin is probably partly due to undifferentiated 

masses of Fountain beds included in their basal portio~1s . The Carboniferous series 

of King, together with the one suppo!::ied to be Prinr rdial, apparently is another 

recurrence of these beds. Taken together they measure 850 feet, and the 

Carbomferous beds carry :fossils. 

I . 

·I 
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The '"Triassic" or Wyoming formation seems to possess greater continuity, but 

apparently it does not extend m~ch south of Colorado · Springs, not being found in 

the Manitou Park Basin, in the Pikes Peak quadrangle, in the Wet Mountains, or 

in the Sangre de Cristo Range. 

The distribution of these formations :would indicate unconformities by overlap 

(and-probably by erosion) between the Millsap and Fountain, between the Fountain 

and Wyoming, and between the Wyoming and Morrison formations. 

In the San Juan region the sediments representing Upper Carboniferous or 

Pennsylvanian time are classed as the ~olas, Hermosa, and Rico formationE". The 

region frorri which the Hermosa and Rico formations were first described is the 

Rico Mountains, but a knowledge of its characters · and variations . over a · much 

more extended area was drawn upon in framing the first description. The Hermosa 

formation ,' which has a thickness of 1,800 feet, is suscepti
1

ble in the Rico region of a 

three-fold divi.sion. The lowest division consist~ chiefly 9f greenish-gray sandstones 

and shales, the latter being sometimes nearly black. The middle member is eharac­

terized by many bands of massive, dark-gray limestone, often highly fossiliferous 

and alternating with sandstones and conglomerat~s. The upper division is predomi­

nantly a complex of shales, with occasional limestones. The ·constituents of the 

Hermosa section vary largely from point to point, and the subdivisions which were 

there practicable can not, be distinguished over large areas. The lower division at 

Rico contains about 800 feet. The beds resting on the Ouray limestone are shales 

and impure limestones. Above this are gray grits or sandstones alternating with 

gray shales and several beds of bla-ck shale and thin, impure limestone. The middle 

division is made up very largely of blue, bituminous limestone carrying many fossils 

and occurring in massive beds from 5 . to 100 feet in thickness, 8eparated by shales 

and sandy shales. This division has a thickness somewhat in excess of 600 feet. 

The upper division contains some bands of limestone similar to those of the middle 

division, .bnt they are thin and unimportant in comparison. Its strata are mainly 

black and gray shale alternating with green grits and sandstones. Occasionally 

reddish sandstones are observed, and two black shales are present in the lower third. 

The top of the upper division and of the Hermosa as a whole is well defined from 

the base of the next higher formation. The topmost member consists of about ~0 
feet of fine-grained, mica-bearing green shales, immediately above whieh coi:nes a 

red, sandy, fossiliferou::; limestone of the Rico formation. 

The Rico formation is a part of the Red Beds series of sout_hwestern Colorado. 

This series is rather a uniform one lithologically, and somewhat .sharply defined 

from the Hermosa formation below, but the "Q.pper portion has been found to contain . 

1'riassic fossils, while at the base a well-!I.larked Carboniferous fauna occurs. The 

upper limit of the Rico formation is arbitrarily taken about 300 feet above its base, 

.. 
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for within these limits the Carboniferous fauna is kndwn to occur. Thus defined it 

is made up of sandstones and conglomerates, with intercalated shales and sandy, 
fossiliferous limestones. Lithologically the Rico forfation resembles the Dolores 
formation, which immediately overlies it, and which contains the median unfossilif­
erous portiOn of the Red ,Bed~, as welt as the upper portwn, which carries Triassic 
fossils. "The general characters of the Rico formation in the vicinity of Rico are, 
first, its calcareous nature, in which it resembles the strata above and below; second, 
the very arkose character and the coarseness of its sandstones, in which respect it 
differs from the Hermosa and resembles the Dolores; and, ·third, its chocolate or 
dark-maroon color, which contrasts sharply with the ~ray or green of the Hermosa, 
and which is more or less distinct from the bright vermilion of the Dolores. "The 
bulk of the formation is made up of sandstones and s~ndy shales, composed of such 

I 
materials as are derived from the disintegration of granite. The sandstones are 
mostly coarse or conglomeratic." Intercalated witlll the sandstones and shales, 
which are for the most part very calcareous throughout, there are several beds of 

impure limestone, some an earthy gray and others sa~dy and red in color. 
In the Engineer Mountain quadrangle the Hermosa formation is underlain ·by 

beds of no considerable thickness but of rather mar}).ed lithology which Cross has 
differentiated and named the Molas formation. His d~scription of this series can be 
condensed as follows: 

The Molas beds were not included in the origibai ·definition of the Hermosa 
formation, although the Hermosa was said to rest on the Ouray limestone. In the 
localities examined before that definition was formul,ted there was, in fact, a hiatus 
in the observations, the thin Molas beds being nowhere well exposed. The best 

section of the formation thus far observed is situate~ on the southwest slope of the 
Needle Mountains, on the south side of Tank Creek. At that locality there is a 
continuous section about 75 feet in thickness, representing the whole formation as 
there 4eveloped between the Ouray limestone and the Hermosa complex. There is 
no distinct stratification in the section. At the base is a zone of gradation into the 
Ouray limestone, for the upper zone of the latter is )much broken up with the red 
calcareous mud of the Molas filling the interstices. This filling of the formation is 
very common. For some feet above this transition ~one there is a chaotic mixture 
of chert and limestone fragments, with not a few of bluish or white quartzite, but 
none of granite or schist. In all the lower part o1 the formation much of the 
material is an impure limestone, reddish in color, but with the saccharoidal texture 
of the Ouray. It is probably a limestone sand-ro~k. The mati:-ix in which the 
fragments of chert, quartzite, and limestone are heLd is a red, marl-like material. 

There are in places mdications that a calcareous mud /was broken up before consoli­
dation, and was worked over with the fragments of foreign rocks. Gradually the 

14364-No. i6--03-13 
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section becomes more and more sandy, but chert fragm®ts were found almost up 
to the fossiliferous limestone of the Hermosa. 

This formation is especially characterized by its deep-red, friable, sandy strata~ 
whiCh are variably calcareous and often shaly. They are seldom very distinctly 
bedded, and disintegrate so rapidly on weathering that good -exposures are rare. In 
the lower part of the formation dark chert nodules abound, often making a ~arge . 

part of fiat lentils or discontinuous layers. Many of the cherts carry a· Lower 
Carboniferous invertebrate fauna, like that at the top of the Ouraylimestone: In 
a single locality in the Needle Mountains quadrangle some thin limestones contain a 
fauna of Upper Carbo.niferous age, which is elsewhere discussed. 

The Molas formation is distinguished on lithologic grounds because it records ­
a precedmg interval of erosion, by which formations of Mississippian age were in 
large measure destroyed, and in a subordinate degree because of certain faunal 
peculiarities which further collections may or may not affect. 

Above the Rico formation come the J uratr1as formations, which are the Dolores 
Red Beds, 1,600 feet in thickness, the La Plata sandstones, 250 feet or more, and the 
McElmo .shales and sandstones, having a total thickness of nearly 900 feet. 

Comparing this series with that in the Elk Mountains, where, in the Crested 
Butte quadrangle, the geographically nearest detailed section occurs, we do not 
find the same patent equivalence, either in the rock groups themselves or in the 
formation names employed for them, which was a feature of the central Colorado 
sections"- However, the Hermosa formation bears comparison in many ways with 
the lower portion of the Maroon conglomerate, though it evidently consists of finer 
materials and contains a larger proportion of shales and limestone. The lower 
member of the Maroon measures 2,000 feet, and the Hermosa 1,800 feet, with a 
maximum of 2,000 feet. The Weber formation of the Crested Butte has no dis-

/ 

tinctly marked equivalence in the San Juan, unless it be the Molas formation, which 
is . somewhat different lithologically. There is, however, a certain resemblance 
between the fauna of the Weber and the rather distinctive faunas at the base of the 
Hermosa formation~ which would indicate that the Weber formation had a correlate 
in the San Juan region, if nota very distinct one lithologically.-

The lithologic and . color changes from the lower to the upper · division of the 
Maroon formation have a counterpart in the change from the Hermosa formation to 
the maroon-colored Rico formation. While the Maroon of the typical area has a 
maximum thickness of 2,500 feet, this character is qualified by th~ fact that the 
thickness in the southern part of the Crested Butte area is very much decreased. 
The :Dolores formation has apparently no lithologic equivalence in the Crested Butte 
1·egion, but it greatly resembles the bright-red Triassic sandstone which overlies the 
Maroon at Lenado Canyon, near Aspen, and the Wyoming sandstone, which overlies 

' I 
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the Maroon in the Tenmile and Leadville districts. It is not clear, howevP-r, that 

this bright-red series may not after all be present in th~ Crested Butte quadrangle, 
for in the northern portion, where the greatest thickness of the Maroon occurs, the 

rocks -of this formation are bleached and greatly mefumorphosed (Crested Butte 
folio). Nevertheless, one would expect some equivalent of the Dolores formation 

I 

to appear, with its characteristic color character, in the southern portion of the 

Crested Butte area, unless it were cut out, owing to the fre-Gunnison unconformity. 

· In the Dolores River region the Upper Carboniferous, according to Peale, in 
whose accounts almost the only descriptionB of the Paleo!Zoic strata ot this region are 

foun9., consists of light-yellowish and greenish shaly sandstones and a space filled 

with shaly sandstones and perhaps bands of limestone, t*e whole amounting to 3,500 
feet. This series rests upon a blue limestone about 300 :feet in thickness, referred to 

the Subcarboniferous, and is overlain by the "Permian.," This has at its base 300 
feet of yellowish and black shales and sandstones, with g[Ypsum and salt, and 700 feet 

of pink and red shales~ ~ith cong-lomerate, the sandsnqnes becomi~g ~ight ~olored_ 
near the base and contammg gypsum. The upper bed qf the Permian Is unhke the 

lower and unlike the rest of the Carboniferous, and as it seems to partake of the 

character of the Red Beds above, it appears more appro:Rriate to unite it with Peale's 
Triassic, the ·lower portion possibly being joined witU the Carboniferous, which 

would then have a thickness of 3,800 feet. . 1-
1 

Lithologically this series appears to be the equivaleft of the Hermosa formation 
of the San Juan region, while by the Red Beds above~ the Dolores and La Plata 
formations are represented. The Rico formation, whi¢h :forms a part of the San 

Juan Red Beds, appears to be missing, or to have lost sor.ewhat its distinctive color, 
for Peale describes no brownish or maroon-colored beds in his Permian or Triassic 
series. The nearest instance is the blood-red sandstdne and shale of his Trias, 

which are over 700 feet up in the Red Beds. This poit t is interesting, and it is to 

be regre~ted that the evidence by which a satisfactory ponclusion can be reached is 
lacking. If, however, my correlation of the Rico with the upper part of the Maroon 

is justified, by which the thickness is reduced from 2,500 feet in the Crested Butte to 

300 feet in the San Juan region, its complete disappearapce in the Dolores region is 
not surprising. The fact mentioned by Eldridge, that t~e upper Maroon is greatly 
diminished in thickness in the southern part of the Qrested Butte quadrangle, is 

. distinctly favorable to its correlation with the Rico. ~he upper portion of Peale's 
- Permian, taken with his Tnass1c, and possibly m places "11th a portiOn of his tTurassw, 

are the probable equivalent of the Dolores and La Plata formations, as the Jurassic 

is of the McElmo; but these formations appear to be of reduced thickness in Peale's 
area. I 

The Carboniferous of Peale, even without the 300 feet of '"Permian" which I 
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h.ave united with it, is very much thicker than the Hermosa formation; This may 
b~ due to the recognized unconformity by which the Hermosa (or the Herrrwsa plus 

the ~Iolas formation) was preceded, but it may result from an unconform~~;Y; by 
which I suspe9t it was followed. The sharp faunal break between the Herm~~~~ .and 

the Rico .formations suggests an unrepresented tiine interval between them ... t~;Jhis 
fact, the greatly increased thickness in the Dolores River region, and the faun~;~9m 

. the upper beds there, which is unlike that of the Rico and still different from. that of 
the Hermosa, all favor the hypothesis, if not of an unconformity between the 
authentic Hermosa and Rico formations, at least of a period of nondeposition during 
which, in areas adjacent, as in the Dolores River region, sedimentation was going on. 
The possibility of the Rico being represented by the series referred by Peale to the 
Carboniferous is so remote, from the evidence at hand, as to need no discussion. 

The fact that the upper portion of the '' Permian" is described by Peale as 
overlapping upon the Archean serves as a warrant at the same time for subdividing 
the beds grouped by him and fer correlating the upper portion with the "' Triassic" 
Red Beds overlapping elsewhere in Colorado. 

·Compared with the Crested Butte section, Peale's Upper Carboniferous seems to 
equal the lower member of the Maroon conglomerate, the upper member of which 
may have no equivalent in the Dolores River region. Almost the same difficulties 
here arise as in the suggested correlation with the SanJuan Carboniferous, and the 
same facts must be used to meet them, though their application rests upon the 
co:rrectness of my correlation of the upper and lower Maroon with the Rico an~ 
Hermosa formations, respectively. If the Dolores Carboniferous equals both 
the lower and upper Maroon, wholly or in part, my correlation of the Maroon 
with the Rico and Hermosa formations will probably be. in error, the slender 
evidence at hand for the correlation of the Do lore~ and Crested ·· Butte areas will 
have been misinterpreted, and the lithologic character of the ·Maroon will have 
proved very variable, but its general thickness more constant. 

In addition it must be pointed out that ·while the upper Maroon seems to be 
absent in the Dolores River region, the Red Beds of the latter (including most of 

. Peale's Permian and most of his Trias) are wanting in the Crested Butte egion. 
Peale's J urassie, with probably the upper members of his Triassic, are the equiva­
lent of the Gunnison formation, and while they show somewhat reduced dimensions 
in Peale's area, the discrepancy is not so great as when compared with the equivalent 

I• 
· formations in the San Juan region. 

The geology of the Uinta Mountains is described chiefly in two reports, one by 
·Emmons, the other by Powell. King also recapitulated and rearranged Emmons's 
account in his general geologic discussion of the area covered by the survey under 
his charge. Powell's survey was conducted along the Green and Colorado rivers; 
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his correlations are with the Grand Canyon . section, and his nomenclature in large 
part that employedby Gilbert for strata in northern A1izona. Similarly, Emmons's 
survey was westward, along the fortieth parallel, throu~·h the Uinta Range and into 
the Wasatch Range. His comparisons are, therefore, .Jith the Wasatch section, and · 
the same nomenclature is employed. I have elsewheJe considered at some length 
the three sections thus bound together in the literatule, and need only repeat the 
outlines of the previous discussion. I 

Powell's section, which was made in the eastern end! of the Uinta Range, is more 
detailed than that of King and Emmons. The basal meJber of the sedimentary series 

I . 

is the ~ed Greek quartzite, a formation of very great t~ickness, which will doubtless 
prove to be of Algo~kian or pre-Cambrian age. ' I 

Above the Red Creek quartzite, and separated from it, according to Powell, by 
an important unconformity, is another great siliceous fo~mation, the Uinta sandstone, 
which has a thickness of over 12,000 feet. The Uinta lsandstone is followed by the 
Lodore, Red Wall, lower and upper Aubrey, and Shiharump groups, whose char-
acters may be summarized somewhat as follows: I 

The Uinta group consists of sandstones and sandy shales, and is very ferruginous 

throughout, the general color being red and brown. ~Conglomeratic horizons are 
occasionally found in the series, and at its junction ith the Red Creek quartzite 
there is a basal conglomerate. The thickness is 12,500 feet. . 

The Lodore group is said to rest unconformably ~pon the Uinta sandstone. It 
is 460 feet th~ck, and composed of soft sandstones and !shales, with conglomerates at 
the, base. Carboniferous fossils have been found in these beds (Powell). 

The Red " ' ll group consists of cherty limestone oh the north flank of the Uinta 
lVlountains, while on the south flank many sandstonesfare intercalated with the cal­
ca:reous beds. A measured section in the Uinta Mount . ins gives the entire thickness 
as 2,400 feet, but it is elsewhere stated as 2,000 feet. a 

The lower Aubrey group consists of soft sandston~s and intercalated limestones. 
The thickness found in a detailed section in the Uinta !J\!Iountains is 800 feet. It is 

elsewhere stated as 1,000 feet. / 
The upper Aubrey in the Uinta Mountains is cemposed of two members, a 

massive, homogeneous, gray sandstone called the Y a~pa sandstone, and above it a 

cherty limestone for which the name Bellerophon limesr ne is employed. The Yampa 
sandstone has .a thickness of a thousand feet or more. The Bellerophon limestone is 
150 to 200 feet in thickness. The thickness of the u per Aubrey is also given as 
1,000 feet, and in a detailed section 1,575 feet was meakured. . 

The· Shinarump group is given a thickness of 1,sdo feet in the Plateau province 
section, and consists in the Uinta J\llountains of shales/ and soft sandstones. In the 

a Powell's Rept. Geol. Uinta Mountains, £. 76. 

I 
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_section made at Flaming Gorge, in the .Uinta :Mountains, the series · comprises 1,095 

feet of shales and sandstones containing much gypsum and weathering in many 
colors, but with prevalent tints of brown and chocolate. · It is succeeded by the Red 
Beds series, consisting of the Vermilion Cliff, White Cliff, and Flaming Gorge 
groups, which, together with the Shinarump, Powell places in the J uratrias. 

The Uinta series of Powell is usually called by King the Weber quartzite. The 
Lodore, Red Wall, Lower Aubrey, and Upper Aubrey groups are collectively cited 

by King as the Upper Coal Measures. The upper limit of King's Upper Coal 
Measure series is evidently precisely that of Powell's Upper Aubrey group, both 
being determined by the Bellerophon limestone; but it can not be said with equal 

certainty that both drew the line between the Uinta sandstone and the overlying 
beds at exactly the same point. From 200 to 500 feet of Powell's Shinarump group 

are subtracted by King under the name of the Permo-Carboniferous ~eries. The 
rest of the Shinarmnp, together with the White Cliff and Vermilion Cliff groups of 

Powell, are King's Triassic; the Flaming Gorge group his Jurassic, etc. 
Several disagreements are found between PowelEs and Kin~'s accounts of the 

geology of this .area, the chief of which are as follows: Powell describes a great 

unconformity between the Uinta sandstone and the Lodore group, which was not 
observed by the geologists of the Fortieth Parallel Survey. The combined thickness 

of the four groups, which taken together form the Upper Coal Measure series of 
King, is over 5,000 feet,a while King assigns to that series a thickness of but from 
2,000 to 2,500 feet. Finally, Powell refers the Uinta sandstone to the Dev~nian, 
while by King's correlation it would be Pennsylvanian. Powell's .correlation implied 

in the use of the name Red Wall, would make the Uinta sandstone probably pre­
Carboniferous in age, since the base of the true Red Wall is Lower Mississippian. b 

I am forced to conclude, therefore, that Powell's correlation is erroneous, that of 
Emmons and King being probably correct, ~nd that the upper part of the Uinta 
sandstone at ,least is of Pennsy 1 van ian age, the overlying beds being, of course, still 

younger. This conclusion seems to l?e demanded by the following facts: 
1. Because Emmons traced the Uinta sandstone westward into the Wasatch 

Range~ finding its equivalent to be the Weber quartzite, the ag~ of which, as deter­
mined by fossils, is Pennsylvanian. 

2. Because the supposed Red Wall limestone at Gypsum and Cataract canyons 
furnished a few fossils pr.obably indicating Upper Carboniferous. 

' . . 

3. Because a Pennsylvanian fauna was found at the very base of the Upper Coal 
. Measures of King. 

a As determined by Powell's detailed section, which would naturally be supposed to be. more exact than the statement. 
in.round numbers made elsewhere. 

bIn the Grand Canyon region both Meek, Walcott, and Frech agree in a general way in referring the lower portion of 
the Red Wall to the Mississippian series, and our collection also contains Mississippian fossils from it. 

• 
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4. Because very fragmentary evidence from the -qinta sandstone itself indicates 

that its upper portion is also of Pennsylvanian age. 

Powell obtained a few species from the Red WaU l at Cataract and Gypsum can­
yons in eastern Utah which while apparently indicating· Upper Carboniferous are not 

very diagnostic. They are 0 /uetetes milleporaceus, Syringopora m1tltattenuata, and 

Oa·mpophyllum sp. King also cites Syringopora as o-~. curring west of Ute Peak., at 
a horizon somewhat higher than the fauna referred! to below. Powell says that 

Carboniferous fossils were found in the Lodore group~ but does not specify what 

they were. Apparently none were collected. King cites Spiriferina kentuckyensis, 
Seminula subt?:Zita, and .Meekella striaticostata, addingl: • • These are the lowest forms 

obtained from the Upper Coal Measures system in the Uinta, and are collected withil1 

60 feet of heavy beds of the Weber." a The locality is west of the canyon of Lodore 

at Ute Peak, and the stratigraphic horizon should be iln the Lodore group if the lim­
its of King's Weber and Powe1l's Uinta series are taken at the same level. Though 

some doubts might remain in spite of the corals found by Powell, the evidence of the 

Spirifer·ina, ·seminula, and especially the .Meekella, i~ unmistakable, and shows that 

the Lodore group, or in any event the Red Wall jgroup, belongs in the Upper 
Carboniferous. · 

The Uinta sandstone bas been said to be essential]y unfos;iliferous. Only three 
I 

instances of the occurrence of fossils are known; ap were from debris, but their 

occurrence and lithology seem to render the assignment to the Uinta sandstone a~ the 
original horizon probable. Half of a Spirif er of the .'imbrex type found near Mount 

Agassiz, the impression of a crinoid column at the hekd of Bear Rive~, and a speci­

men of Spirifer carneratus from the Bench region , neJr Geode Canyon, comprise the 
entire paleontologic evidence. Spirifer ca?neratus is distinctly an Upper Carbon­

iferous type. The Spi'rifer imbrex could hardly be lower than the Carboniferous, 

while, 1n view of local conditions, even the crinoid col~1mn may be taken as probably 
indicating the same period. . The paleontologic evidence, therefore, is confirmatory 

of the correlation by stratigraphy of the Uinta sandstone, at least in its uppei· part, 

with the Weber quartzite of the Wasatch Range, w~ich is known to be of Upper 
Carboniferous age. 

Another matter of disagreement between King and Powell is that the latter 

refers his Shinarump group to the J uratrias, the low~r portion of which constitutes 

King's Permo-Carboniferous series. Powell's SbiJarump measures 1,800 feet. 

King's Permo-Carboniferous is reported as from 200 to 500 feet. Near the top of 

the Permo-Carboniferous the geologists of the Fortieth Parallel Survey obtained 

some fossils which were identified as .Myalina (resembling subquadrrata), Myalina n. 

sp., Bakewellia parva, Pleurophorus sp., and _il:[acrodon sp. If correctly identified, 
---'1------- ------ ----

"U. S. Geol. Expl. 4oth Pa>., Ropt., vol. l p. 145. 
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th.is fauna ~ould indicate the Carboniferous period without question; but recent col­
leetions fron1 the Permo-Carboniferous of the Wasatch Mountains have raised a 
doubt as to whether the age is really Paleozoic or Mesozoic. 

The Paleozoic section of central Colorado has a maximum thickness of 7,120 feet, 
made up as follows: Sawatch quartzite (Cambrian) , 604 feet at Eagle River; Yule 
limestone (Ordovician), 400 feet at Asp~n; Parting quartzite (Devonian n, 90 feet at 
Crested Butte; Leadville limestone (Devonian and Mississippian), 525 feet at Crested 
Butte; Weber shale (Pennsylvanian), 1,000 feet at Aspen; and Maroon formation 
(Pennsylvanian), 4,500 feet at Crested Butte. In addition to this we have the brick­
red series of Red Beds, CQmmonly referred to the Trias, which measures 2,600 feet 
at Aspen. There are in this series, however, a number of time breaks and some 
erosional unconformities. The most · important instance of the latter is at the top 
of the Leadville limestone. 

An interesting parallel canoe drawn between the Paleozoic section of central 
Colorado and that of the Wasatch Mountains of Utah, one also which will aid . in 
determining the relation of the former with the Uinta Mountain section. Except in 
thickness, the Cam brian series of the Wasatch Range is not unlike the Cambrian of 
Colorado. The Cambri"3,n in each case is followed by a limestone of Ordovician age­
the Ute limestone in Utah and the Yule limestone in Colorado. This again is 
succeeded by a quartzite series-the Ogden quartzite in Utah and the Parting quartz­
ite in Colorado, the age of which is .suspected to be Devonian. Then also, in both 
areas, follows a limestone of Mississippian age-the Wasatch limestone of the Wasatch 
section and the Leadville limestone of Colorado. In Colorado a Devonian series is 
included with the Leadville limestone, which 1 believe to have no equivalent in the 
Wasatch section. The geologists of the ·Fortieth Parallel Survey found Upper Car­
boniferous fossils down to 5,400 feet below the top of the Wasatch.limestone. We 
may consider, therefore, that the lower 1,600 feet are of Mississippian age and the ­
upper 5,400 feet of Pennsylvanian age. The J\Hs~issipp~an portion of the Leadville 
limestone can be correlated, not only by its lithology and position in the section, but 
also almost conclusively by its fauna, with the Mississippian portion of the Wasatch 
limestone. If the sedimentation which produced the Wasatch limestone was not 
·.entirely uninterrupted, the series is at least more complete than that in Colorado, 
for above the beds whose fauna warrants a correlation with the Leadville limestone 
succeeded others with an upper Mississippian fauna, which were either never 
deposited upo~ the Leadville, or, as I believe more probable, have been lost by 
erosion. 

The Leadville limestone is sticceeded by shales and . limestones, unfortunately 
called the Weber limestone, or Weber shales, which oecupy the .same position in the 
section as the upper portion of the Wasatch limestone. Above the Weber in Colo-
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rado follows the Maroon formation, and above the W 'satch limestone the Weber 

quartzite, both siliceous series of like geologic position! and thickness. J'he Upper 
Coal Measures and Permo-Carboniferous of the W asatfh section have no obvious 
equivalents in Colorado, while the equivalence of the fWyoming formation in the 
Was.atch Mountains is similarly obscure. I 

The geologic section of the Wasatch Mountains and !that of central Colorado are 
thus seen to be very similar. They also show this striking difference-that nearly 

all the formations ar!-3 thinner, and many of them much /thinner, in Colorado. As a 
marked exception to this prevalent rule, the Mai'oon formation of Colorado and the 

'Veber quartzite of Utah have essentially the same ma~sf namely, 4,000 or 5,000 feet 

in each case. . . I 
There is a~other possibility, however, which may f.ot be entirely passed ov:r. 

I£ the Weber limestone and Weber shale of Colorado stand for the Pennsylvaman 
portion of the Wasatch limestone, this series is reduced /from 5,400 feet in Utah to a 
maximum of about 1,000 feet in' Colorado, while in the! Uinta Mountains it does not 

occur at all or has lost its calcareous nature. That ~t does change character to a 

co_!lsiderable extent seems probable: The upper Mississippian fauna, whose presen~e 

would indicate less extensive erosion if not uninterrupted sedimentation in Utah 
during the transition from Lower to Upper Carboniferous time, was found not in 

I 
the V\7 asatch but in the. Oquirrh Mountains., where the lithologic series is somewhat 
d_ifferent. This fauna is conjectured to correspond in the Wasatch limestone to an 

indefinite horizon not far below that assumed to mark the division between the 
• . I 

Mississippian and Pennsylvanian. In the Oquirrh Mpuntains, however, the beds 
immediately following are not limestone, but alternations o£ limestone containing 
Coal Measure fossils and quartzite, in which the siliceous beds predominate. Either 

I . 

these must be the upper Wasatch of the W asatcli Range, or else the upper 
Wasatch is missing. a King also instances changes from a calcareous to a siliceous 
phase in certain beds of the upper "\Vasatch. The variations in thickness of the 
lower member of the Maroon formation in several s~ctions in which I have cor­

related it have suggested _to me that a period of e~osion or nondeposition may 
have intervened between it and the upper Maroon. This fact, taken with the 

tendency of the upper Wasatch to pass over into sil~ceous phases, would seem to. 
justi£y entertaining the suggestion that the upper w asrtch may be equivalent to the 

Weber limestone and shale combined with the lower Maroon, and theW eber quartzite 
itself equivalent to the uppm: Maroon only. This, ho~ever, seems less likely than 

that the Maroon and Weber quartzite and the upper ~~satch and Weber limestone 

are equivalent. I 
While there is little dir~ct evidence supporting /this view, I believe that the 

a Provided, of course, that the upper portion of the Wasatch fs of Pennsylvanian age·. 
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diminution in thickness of these strata as they pass eastward is due to the absence of 

increasing amount~ of sediment, probably the effect of erosion. That this agency 
had a dominant share in reducing the Mississippian (Leadville) limestone to its 

present dimensions I have no doubt; while the fact .that the series along the Front 
Range, which the earlier geologists thought to be unbroken and complete, bas been 
shown, as work increased in detail and refinement, to be most incomplete and 
interrupted, lends color to such an explanation for the whole. 

It is indeed possible that another interruption or unconfo..rmity occurs within 
the Upper Carboniferous. The thinning of the ·upper Wasatch from 5,400 feet 
in the Wasatch Mountains to _100 feet (Weber limestone), for instance, in the Crested 

B~tte quadrangle, would indicate, if not actual erosion, at least somewhat excep­
tionally unequal deposition, while the overlap of the Maroon beds upon the granite 

is not without significance. Variation in the lower Maroon, as elsewhere dis­
cussed, has led to a somewhat similar suspicion relative to the division between it 

and the upper member. It also appears to me highly probable that an interruption 
in sedimentation, if not actual erosion, intervened between the Maroon series and 
the Triassic above it. 

From the evidence at hand it seems impossible not to accept the correlation by 
Emmons and King of the Uinta sandstone and the Weber quartzite. The correlation 

of the Weber quartzite of Utah and the Maroon formation of Colorado, thus suggested 
by a comparison of the geologic sections of the two areas, seems to be partially 
expressed by Emmons in employing the term Weber formation for ~he lower half of 

the series which, in the Tenmile and Leadville districts, represents the original 
Maroon formation. It {s the Weber quartzite of Utah and the Maroon formation of 
Colorado that in approaching each other are supposed to pass into the Uinta sand­

stone. One point of difference is the red color of the typical Maroon and the general 

whitish tint of the Weber quartzite: However, the Maroon seems to lose most of its 
color in the Leadville and Tenmile districts, while the eastern exposures of the Uinta 
sandstone have the brownish tint which is supposed to characterize it. 

Since the Weber and Maroon formations maintain so uniform a thickness (from 
4,000 to 5,000 feet) both in Utah and Colorado, it is a matter of surprise that the 
.Uinta sandstone should reach a thickness of 12,000 feet and more, and the first 

inference would be that the Uinta sandstone represents some_thing more than these 
formations. It can, however, hardly represent the whole Paleozoic series of Colorado. 

The differences existing between the Uinta sandstone and the varied sediments 
of the different Paleozoic horizons of Colorado are differences both of character and 

of thickness. If the supposition be entertained that ~he Uinta sandstone represents 
the entire Paleozoic series of Colorado, the differences of character become more 
pronounced; if only the Maroon formation, differences of thickness. ·The former 



RECAPITULATION OF PALEOZOIC ,ORMATIONS. 203 

hypothesis, on the whole, seems to me altogether untenable. The Paleozoic senes 

in Colorado as it now stands is so incomplete that thJ column i~ its entirety would 
probably far exceed even the great thickness of the U~nta sandstone. This becomes 
obvious from the consideration that the Maroon form~tion represents only a moiety 

of Carboniferous , time, yet it alone is half as thi~k as the Uinta. Again, the 
supposition is incredible that all Paleozoic time could be represented by a uniform 

series of sediments like the Uinta sandstone. Much /more incredible is it that the 

Uinta represents a frequently interrupted and eroded Feries. 
The Cambrian quartzites, though at most but 600j feet in thickness in Colorado, 

are expanded to 12,000 feet in the vVasatch. It would seem likely that this series 
is represented in the Uinta Mountains by considerablb thicknesses a proportional to 

its intermediate position, and it is admissible that the / Parting quartzite, or even the 

siliceous Yule limestone, may be represented there b~r modified and less important 
measures; but the persistence of the Leadville as a limestone horizon is so striking 

that I should hesitate to adopt any mere hypothesis 1 hich demanded its local muta­
tion into sandstones and conglomerates. It seems tb me more probable, however, 

that a period of uplift and erosion during Carbonifer9us time destroyed in the Uinta 
area the older "Sediments, perhaps already thinned by wrevious erosion, down into the 
Cambrian beds; and that upon the base thus formed Was spread the waste so similar 

in character to the much older sediments that it now 11 

as th.e casual aspect of a single 
continuous series. Which of the two erosion epochs whose occurrence during Car­

boniferous time I have tentatively hypothecated perfo med this work, it is impossible 

to say. If the one which intervened between Lead+ lle sedimentation and that of 
the Weber limestone, whose existence seems to be establi:::;hed, it is evident that the 

Uinta sandstone must include, besides the "\Veber qulartzite and 1\faroon formation, 
thicknesses of shales and sandstones representing the Pennsylvanian portion of the 
Wasatch limestone, unless the latter is conceived to Be entirely lacking in the Uinta 

Mountains of Colorado. The absence of the Pennsylvt nian Wa,atch might, however, 
be accounted for by the suppositions unconformity between the J\1aroon and Weber 

formations of Colorado, owing to which also the 5,4op feet of upper Wasatch wedge 
out to a few hundred in that State. If this erosion were performed or consummated 

by the still more hypothetical occurrence which has ~een suggested between the two 

divisions of the Maroon itself, these calcareous bed~ of the upper Wasatch, as well 
as the Mississippian ones and even part of the Mar,.on-Weber series itself, would 
appear to be equally unrepresented. On the other hand, it is possible that the whole 

of the Uinta sandstone may be of Pennsylvanian agel . 

a Peale remarks, under the caption ''Silurian Age: ' '' Th ere was a much greater development in Mr. Marvine's district 
and further details will be found in his report." (Hayden's U.S. Geol. Geogr.

1

s urv" Terr. , [8th] Ann. Rept., for 1874, 1~76, p. 
110.) It is not clear whether this refers to the Silurian as a whole or to lime or several of the divisions which Peale 
recognizes. Most of his Silurian series (probably 600 feet ) is Cambrian (Sawa!tch quartzite) and his statement 1s somewhat 
favorable to the hypothesis adopted above. Marvine's district lay to the n 1 rth and northwest of that of Peale. Unfor­
tunately his report never came to publication . 

• 
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In this case the unconformity between the Red Creek and Uinta formations 
would correspond to that which follows the Leadville Hmestone in central Colorado. a 

This supposition would be most favorably entertained in connection with the 
hypothesis that the Pennsylvanian portion of the Wasatch limestone becomes trans­
formed in the Uintas into sands and clays, while the several hypothetical unconform­
ities within the Pennsylvanian series of Colorado, and especially that above the 
1\:laroon beds, might · be appealed to as the cause of the diminished representation in 
that region. That the Wasatch limestone of · Utah or the Weber limestone of Colo- · 

~ado is represented in the Uinta Mountains seems to me rather doubtful~ the proba­
bility being that the Maroon-Weber series rests directly upon the pre-Carboniferous, 
chiefly Cambrian, quartzites, with the Wasatch limestone on oU:e hand and the Lead­
ville and 'Veber limestones on the other wedging out converg·ingly in the direction 
of the Uinta l\1ountains. The overlap of the Maroon-Weber series upon the Cam­
brian in the Uinta Mou.ntains would then be but another expression of the same 
readjustments by which in the Crested Butte quadrangle it came in contact with ~he 
Archean. ' 

While it is true that no unconformities are known within the Uinta sandstone, 
they may have escaped detection because of the uniform composition of the series 
and the difficulty of tracing individual beds. 

Accepting provisionally the correlation of the Maroon-Weber series of Colora9.o 
with the upper ~ortion of the Uinta sandstones, the correlation of the Wyoming 
formation (the so-called "Triassic") in the Uinta section and the determination of 
its geologic age are beset with still greater uncertainties. 

Powell's Jurassic of the Uinta Mountains is clearly the same as that of Kiqg, 
and King' expresses absolute certainty of the Jurassic of the Front Hange being the 
same as that of the Uinta Mountains. Between the Jurassic and Maroon formations 
in central Colorado is found . the Wyoming formation, wbose average thickness 
seems to be 1,500 feet (it is possibly 2,600 feet at Aspen). Within equivalent limits 
in the eastern end of the Uinta Range, according to Powell's section, · are his 
Carboniferous and part of his Mesozoic groups, comprising the Lodore group, with 
a thickness of 465 feet; the Red Wall group, with a thickness of 2,460 feet; the Lower 
Aubrey group, with a thickness of 805 feet~ the Upper Aubrey, with a thickness of 
1,575 feet; .the Shinarump, with a thickness of 1,095 feet~ the Vermilion Cliff, with a 
thickness of 615 feet; and the White Cliff, with a thickness of 1,025 feet. The whole 
comes to. a total. of 8, 090 feet. 

It has elsewhere been remarked that though Powell gives a combined thickness 
of over 5,000 feet to his Carboniferous groups in the Uinta Mountains, King allows 

a This unconformity would have to be invoked to account for the absence of the Ogden quartzite and of the Wasatch 
and Ute limestones. In default of evidence as to the age of the Red Creek quartzite it might be taken as equivalent to the 
Cambrian series of the Wasatch Mountains. 

• 
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but 2,000 or 2,500 feet to the same series, together witJ an additional 200 to 500 feet 

taken from Powell's M~sozoic. King's Triassic is fixeJ at 2,000 feet, while Powell's 

Shinarump, Vermilion Cliff, and White Cliff groups I aggregate 2, 7.85 feet, from 

which, however, must be deducted 200 to 500 feet to ri present the lower portion of 
the Shmarump, assigned by King to the Carboniferous. 

Two posdbilities, in default of decisive evidence, pr ·sent claims for consideration. 

The hypotheses that the Wyoming formation representF either the Carboniferous or 

the Triassic can be supported by evidence. If the W}loming beds . be placed as the 
equivalent of the "Upper Coal Measures " of the Uifta Mountains, it must needs 
follow that its age would be Carboniferous and that the Triassic of the Uinta Moun­

tains would be absent from central Colorado. Regarding the formei· deduction, it 
will be recalled that Knight found Carboniferous fossil~ in King's Triassic near the 

Colorado-Wyoming line, and Darton reports a similar loccurrence in the Wyoming 
formation of the Front Range. To be sure, in Knight' " case only the lower half o:f 

beds mapped Triassic by King are proved to be Car~~niferous, but it might have 
the appearance of forcing the correlation to cut off t t,e upper 800 feet as Triassic, 

especially since the upper beds are similar lithologic,lly and appear to have been 
deposited in unbroken succession. Further, some of the faunal assemblages found 
by Knight are strongly suggestive, in the abundance of Belleroplwn and Dentali~tm, 

of the fauna of the Bellerophon limestone, and of onQ ~hich occupies a similar posi­
tion at the top of the Aubrey series in the Grand Canyon region. Powell describes 
this formation as being an indurated calcareous sandJtone on the south side of the 

Uinta Range (p. 55), so that the lithologic as well as tJe faunal facies of the beds in 

Wyoming are suggestive of the Bellerophon limesto4e. Darton's evidence is less 

complete, but tends in the same direction. He identifi~r at Morrison, near the top ( ~) 
of the Wyoming formation, strata having the same lifhologic character and sim.ilar 
invertebrate fossils to the Carboniferous Red Beds of the Blaek Hills. Over much 
of the State the Red Beds (Wyoming formation) are without determinable fossils, 

except for the two occurrences just mentioned.· U nconlformably above them rests the 

,Jurassic (Morrison and Gunnison formations). Thouf·h commonly referred to the 

Triassic~ these st~at. a, therefore, might really be Carloniferous, so far as i~trinsic 
evidence is concerned, and equivalent to the Upper Coa Measures of the Uinta Moun­
tains. Indeed, Emmons states of the Wyoming forma ion that if any Permian exists 

. in Colorado that series probably represents it. The atence of the Shinarump, V er­
mi.lion Clifl', and White Cliff groups of Powell's Uinta ountain section (the Triassic 

of King) might readily be accounted for by the er sion which preceded Jurassic 

sedimentation. In southwestern Colorado the Carboni~erous is followed by a forma­
tion (the Dolores) which has the characteristics and pf sition of the Triassic in other 
parts of the State, which Cross and Spencer affirm t ' be the same as the Triassic 
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of the Rocky Mountain province, and which carries Triassic. ve tebrates. If, how­

ever, the pal'eontolog·i? evidence produced by Knight and by Darton, which is by no 
means unassa;ilable, be admitted, it is evident that the t\vo series are not the same. 

However, it lias already been remarked that the Wyoming beds appear to be absent 

in the Crested Butte quadrangle and generally over the southern end of the Elk 

Mountains, the Mosquito Range, and the Sangre de Cristo Range, so that its absence 
- in the San Juan is not unanticipated; while that area is geographically so related 

to the Colorado Ca'nyon and Uinta Mountains, where Triassic beds are found, that 
the presence t.Q.ere of the Triassic need not be an objection, even if the series is 
absent over the rest of the State, as it must be if the Wyoming beds are really 

Car b~miferous. 
On the whole, however~ the evidence seems to me stronger that the "Red 

B~ds ".of Colorado are 1'eally Triassic, and represent the Shinarump, Vermilion, and 
White Cliff groups of the Uinta section, or parts of them. The apparent absence 
elsewhere in Colorado of the ''Upper Coal Measures" of the latter area can be 
accounted for in another way. 

If the Maroon formation represents the upper portion of the Uinta sandstone 
and the "Tyoming formation the Triassic of the Uinta Mountain section, where the 
Wyoming beds rests upon the Maroon, as in the Leadville and Tem_nile districts, or · 
when the Jurassic occupies a similar position, as it does in the Crested Butte district, 
it is evident that the Upper Coal Measure series of King must be absent. JVlany 
observers agree that the Wyoming !ormation succeeds the Maroon in apparently a 
perfectly continuous manner, and the same with their supposed correlates in different 
parts of the State. Yet along the Front Range and in southwestern Colorado the 
supposed Triassic series overlaps upon the Archean and indicates important isostatic 
readjustments in which the conduct of the strata in northwestern Colorado may find 
a rational explanation. Furthermore, the faunal break in the San Juan region 
between the Rico and Dolores, in which Permian and probably portions of Carbon­
iferous and Triassic time are apparently missing, together with the variability seem.­
ing to exist, such that the upper division of the Maroon formation, 2,500 feet thick 

in the 9rested Butte quadrangle, is reduced to 300 feet (Rico formation) in the San 
Juan region and is entirely absent in the Dolores River regwn, are indications of an 
uncomformity, qr at least of very abnormal conditions of deposition. There is some 

evidence, however, that the Upper Coal Measure series is represented in Colorado: 
Both the fauna itself, while no correlation can be based upon it, and the lithologic 
association with reddish sandy limestones and white sandstone of the fossils cited 

by King from Ute Peak, in the eastern end of the Uinta Mountains, are suggestive of 
the fossiliferous ·horizons in the Red Beds as they occur on the flanks of the Front 

Range, just north of the Colorado line. The similarity in a general way of the fauna . 

•· 
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recently found by Knight in the Triassic of this area I to that of the Bellerophon · 

limestone has already been remarked. The Jurassic comes only 800 feet above these 

Carboniferous horizons in Knight's section, and it is ~ecessary to conc~ude either 
that the Triassic is wanting at this point, and erroneously represented there 'by King, 

that it is represented by these upper 800 feet, even thpugh they are lithologically 
like the Carboniferous beneath and apparently continuous with it, or that the•Tri­

assic, nowhere in this area determined by fossils, is rea~ly Carboniferous, the series 
-being in fact a unit determined as to age by the Carboniferous faunas occurring 

invariably in the lower portion. Probability, in my judgment, as alrea~y remarked, 

weighs more heavily in favor of regarding the Carbonifkrous and "Triassic" of this · 
region as two separate series, the upper one correlated with the Triassic. of rp<?re 
distant areas where Triassic fossils are found. [ 

The interesting discovery b:y Knight, above referred to, I believe to represent 

the Carboniferous which King describes as comprising 1,500 feet on the west side 
of the Front Range, the same thickness as all of Knight's Red Beds below the 

Jurassic.. The absence of the Triassic at this point, if, fas seems rather more prob­
able, it is not represented by the upper unfossiliferous series, is by no means without 

precedent, and is easily to be accounted for by the erosion period which preceded 

the Jurassic sediments. It appears not improbable tha~ some of the sediments now 
supposed to represent the 1\'Iaroon formation should really be assigned 'to this divi­
sion (i.e. King's Upper Coal J\!Ieasures). The \Veber krits and Maroon formation 
of the Tenmile district, for example, lack at - least the distinctive color of the 
original Maroon, as does the corresponding series on E4gle-River. 

As regards the general similarity of the two formations in Colorado, a similarity 

which is not obvious when only the section given by Po~ell is considered~ reference 
may be made to White's remark that his Lower Carboniferous so resembles the 
underlying Uinta sandstone, and his :Middle Carboniferous the Lower, that in some 
cases it was difficult to distinguish them. -

1 

. 

Emmons states in the Tenmile folio that .theW eber ~ormation of that area repre­
sents in a general way the vYeber quartzite of Utah andf the Lower Aubrey group of 
Arizona. This implies that the Aubrey sandstone, the Weber quartzite, and the 

Weber grits or lower Maroon, are of the same age. [ As a corollary they would 
probably represent the upper portion of the Uinta sand~tone. There seems to be no 
r eason why the upper and lower Maroon should not bej made two distinct, possibly 
as to age two rather different, series. That the Weber grits and Maroon beds of the _ 
Tenmile dit:Jtrict represent a higher horizon than the Maroon series of the Crest~d 

I 

Butte district, seems to me altogether out of the question, because, for one reason, 
the fauna of the Weber grits is so similar to that of the 

1

1ower Maroon that a correla­
tion of them can probably be made on this evidence alone. That the Maroon serie~~ 
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alone of the Tenmile district overlies the Maroon of th~ , Crested Butte district seems 
also improbable and is contradicted by the nomenclature which Emmons employs. 
They are much rather to be considered equivalent. It would, therefore, furthermore 
result from Emmons's correlation that the Maroon of the Tenmile district (the upper 
lVIaroon of the ·crested Butte district) occupies in this ~ection the position of the 
Aub~ey limestone of the Grand Canyon section and the Upper Coal Measures of the 
Uinta Mountain and "\Vasatch Mountain sections. I have elsewhere di8cussed the 
evidence which, while not conclusive, indicates that the Upper Coal Measure lime­
stone of the Wasatch Mountains, the series called by the same name in the Uinta 
Mountains, and the Auprey limestone, if not the Aubrey sandstone, of the Grand 
Canyon, should be correlated. Whether this series is represented by. the upper 
Maroon beds of Colorado, or is represented in the State at all, are points upon which 
there is, so far:, little direct evidence. The fauna found by Knight just over the line 

• in Wyoming, as already remarked, suggests the Bellerophon limestone of the Uinta 
section. It is probable that these beds extend into Colorado·. . From the upper 
division of the Maroon in the Crested Butte quadrangle, and _from the Maroon of the 
Tenmile quadr.angle, scarcely any fauna deserving the name is known. The species 
that have been found, however, do not greatly disagree with the fauna of the Rico 
formation, which is supposed to represent the horizon of the upper Maroon. T.he 
Rico fauna is superficially somewhat simila1; .to that obtained by Knight,but it is 
doubtful if a complete study of the latter will result in many instances of perfect 
specific identity. The Rico fauna ·is also very different from that of the upper 
Aubrey group of the Grand Canyon. 1~hough the opinion is expressed with hesita­
tion, it seems probable to me that the upper Maroon is not equivalent to the Upper · 
Coal Measures of the Wasatch and Uinta sections (the Aubrey limestone of the Grand 
Canyon section), but joined with the lower Maroon (the Weber grits) is equivalent 
to the upper part of the Uinta sandstone and to the Weber quartzite. As to whether 
the Aubrey sandstone should be correlated with the Weber quartzite and lower 
Maroon series, as Emmons suggests, and·with them be merged in the Uinta sandstone, 
?r overlies the horizon of the Uinta sandstone, I am in doubt. The opinion has 
elsewhere been expressed that its horizon was above · the Uinta, but there is very 
little evidence upon this point. In any event it is ·. not to the Weber grits~ but to 
the Maroon series of the Tenmile section, or to both combined, that the Aubrey 
sandstone is probably equivalent. 

It is necessary, however, to give some further consideration to the tentative 
correlation of the Weber quartzite and the Maroon series of Colorado. implied in the· 
nomenclature employed by Emmons in the Leadvi}le monograph and elsewhere and 
strongly enforced by a comparison of the Paleozoic series of Colorado and of the 
Wasatch Mountains. The fauna of the Weber quartzite is not well known. · It has a 
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brachiopod facies and is quite different from the fauna of the upper Maroon as 

exemplified by the Rico formation. It is, in fact, more like the fauna of the lower 
Maroon, but at the same time contains many novelties. No satisfactory e8timate of 

this evidence can be made pending a careful study of the Weber fauna, which I hope 

to make at some future time. If the differences prove to be as important as they 
at first appear, the paleontologic correlation of the M~roon and Weber series would 

hardly be justified. It is possible to suppose that the Maroon Beries is absent in Utah, 
or that it, combined with the \Veber limestone, is represented by the upper portion 

of the Wasatch limestone and that its horizon is below the \¥ eber quartzite. In 
that event the simultaneous occurrence of these two series in the Uinta Mountains 

would adequately account for the Uinta sandstone, even if it became necessary to 
refer to the Carboniferous the whole of that grea,t series. On the other hand, a 
provincial influence may possibly be cited to account for the faunal peculiarities 

noted above and others corresponding to them. It is !necessary to consider that the · 
waters of the Mississippian sea extended into Utah and possibly as far west as the 
Sierra Nevada, but in the elevation which preceded the first Pennsylvanian sediments 
this area must have been analyzed into a more compo:Hte geography. The Pennsyl­
vanian faunas of Colorado have every appearance of being provincially related to 

those of the Mississippi Valley. The faunas of Pe:pnsy lvanian age found to the 
west an~ southwest, however, are sufficiently different and novel to suggest that the 
post-Mississippian elevation, if it did not establish a barrier between the Colorado 
and U tab seas, at least aroused influences sufficiently potent to modify the faunas of 
the two areas. 

!.shall permit myself, before closing, a few words upon the nomenclature of the 

Carboniferous formations of Colorado, deprecating not so much that ml'1ny nam~s 

have been employed, but th~t some have been used in several senses and some have 
been imported from such a distance that the correlation intimated must have been 
originally doubtful and is now perhaps more than doubtful. 

Of Mississippian age we have the Leadville limt3stone of central Colorado, the 
Millsap limestone of the Front Range, and the Ouray limestone of southwestern 

Colorado. \Vhile I believe that the Leadville, 1Yii ll~ap, and Ouray limestones, .so 
far as their Missis~ippian faunas are concerned, and fior that matter the Red Wall, 

Wasatch, a and Madison limestones, can be correlated, the employment for them of 
distinct formational names seems to be a field mattm' of geologi~ propriety and to 

be judged only from that point of view. I think, hoiever, that it would have been 
better, in view of the fact that the L eadville and Ouray limestones contain a fauna 
of Devonian as well as one of Mississippian age, if t~vo formations, instead of one, 

a I m ean only the lower or Mississippian portion of the Red Wall and Wasatch limestones and only the Red Wall 
limestone of the Grand Canyon. I , 

14364--No. 16--03----14 
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·had been discriminated. Indeed, had this fact been known when these formatiOn 

names were first proposed it is possible that this course would have been adopted. 
For the Upper Catboniferous formations in the Uinta Mountains we have the 

Uinta sandstone, the Lodore group, the Red Wall limeston~, and the Upper and 

Lower ~ubrey groups. The names Red Wall and Aubrey are adopted from the 
Grand Canyon region, and, as the correlation of the Red Wall group is certainly 

erroneous and that of the Aubrey still doubtful, it appears .to me that these names 
should be abandoned for this · area. 

In central Colorado we have the Weber formation, the Maroon formation, and 
possibly the Wyoming formation. I take it that the use of the riame Weber records 

the attempted cor.relation with the Webe'r .quartzite of the Wasatch Range, by which 

formation the name was long preoccupied. It is doubtful if the Weber formation of 
Colorado« can be correlated with the Weber quartzite of U tab, and certainly the two 
formations can not be considered the same geologic unit. Indeed, the Maroon 
formation is much more probably to be correlated with the Weber quartzite, 

a fact which perhaps finds partial expression in the later expansion of. the term 
"Weber formation" in Colorado so as to include the lower half of the Maroon 

formation (vide the section of the Tenmile folio). This step has made the free use 
of the term "Weber" impossible in discm~sions of Colorado geology, and it seems to 

me that the name can not be too quickly laid aside in this connection. Endlich's term, 

"Arkansas sandstone," which was given to the mora or less exact continuatio~ into the 
Sangre de Cristo Range of the Maroon conglomerate of the Elk Mountains, seems 
to have been generally overlooked. We have now the Weber quartzite (of the 
Wasatch Mountains), the Uinta sandstone, the. Maroon conglomerate, the Ar~ansas 
sandstone, the Fountain formation, the Badito formation, and the Hermosa formation 
in use for parts or variations of the whole of about the same series of. strata. All 
these names, and especially the Maroon and Arkansas, b will need careful consideration 
whenever a recension of this nomenclature or further detailed work involving this 

series is attempted. . The variability of the Maroon beds is such, however, especially 
in view of the disconnected character of the areas of outcrops, as to justify, if not to 

demand, m;tmerous local appellations. 
The opinion that in the Rocky Mountain region the Archean mountains of to-day 

represent island masses which have never been completely submerged has had the 
support of eminent geologists from the time that the Rocky Mountains first became 
the subject of geologic study,, and probably no one has given . the matter more 

. thoughtful investigation than S. F. Emmons, or more frequently and ably advocated 
this view. The conception, I think, has its origin in the very obvious overlap of many 

a As the term was first used in the Anthracite-Crested Butte folio. 
bThe proposal of the Badito formation might have been avoided by more fully ascertaining the relations of the beds, 

80 called, with the ·Fountain formation or the Arkansas sandstone. 
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of the sedimentaries, especially of the Red Beds, upon the Archean, and their failure 

to cross the summits of the ranges, and was developed frorl the theory that the existing· 

Paleozoic series (for it is only to Paleozoic time that these remarks refer) represents 

more or less uninterrupted sedimentation. Similarly~ in discussions of the subject, 

Paleozoic time has been for the most part lightly toucbea upon and treated in general 

terms as if the conditions which prevailed were in the main uniform. Writing in 

1893 of the Rocky Mountains of Colorado,c• Emmons 1•1ecognized five great marine 

transgressions, the post-Archean, the post-Algonkian, the late Paleozoic, the late 

Jurassic, and the post-Cretaceous. The first disturbanpe recognized su~sequent to 

the Algonkian therefore is placed in the late Paleozoic, and probably this conclusion 

is connected with the occurrence in the conglomerates of the Maroon formation in 

the Elk Mountains of pebbles containing Carboniferous fossils. Again, in the Ten­

mile folio, published in 1898, b he remarks that deposition was more or less contin­

uous from the Upper Cambrian to the Trias, without e~idence of any change in the 

relations of the sea bottom to the successive sediments, and that the first orogenic 

disturbance probably occurred in the .Jurassic. 

Much evidence has now accumulated, however, tendtng to show that the Paleozoic 

series is anything but continuous and complete. This is indicated by the frequency 

of unconformities, sometimes by erosion, sometimes by overlap, by the thinness of 

the remaining beds, and by their unequal distribution. I That some 0f the intervals 

were of protracted duration is shown by the extent 1of · the time break between 

apparently consecutive formations. The often much greater gaps indicated where 

different Paleozoic formations rest directly upon the gr~nite is probably not so much 

the product of a single erosion. period or a single tr
1

an'sgression as the sum of a 

number of briefer ones and the resultant of a complicatad series of movements. The 

permanence of these Archean islands seems to me to involve an a priori improbability, 

from the fact that they must have been reduced almos~ to sea level long before the 

immeasurable stretch of Paleozoic time had elapsed, so that even ~light oscillations, 

which during so long a period could hardly hav~ failed Ito occur, would have sufficed 

. to submerge them. 

That the Paleozoic series in Colorado is really a9 extremely disconnected one 
is shown by the number and extent of the g·aps that are known to occur in it, and 

an intimation of this is to be fouud in the greatly raduced thickness of the pre­

Carboniferous series, considered as a whole and in relJtion to areas farther east and 

farther west. The Cambrian so far as it is known is represented by only a few hun­

dred feet, all of which belongs to the Upper Cambrian. I All Lower and Middle Cam­

brian time appears to be unrepresented. The Otdovician must be approached with 

a Int. Geol. Cong., Comt. Rend. , 5th sess. (1891), l893, p. 404. 
bU. S. Geol. Surv., Geol. Atlas United States, folio 48, 1898. 
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caution, because - enough is known to raise many questions in regard to it, but too 

little to answer them. 
In the interior there is only the inconsiderable thickness of the Yule limestone, 

with perhaps the Parting quartzit.e, by which it seems possible that only a small 
portion of Ordovician time can be represented. In the Pike~ Peak quadrangle Cross 
ha~ discriminated the Manitou limestone, the Harding sandstone, and the Fremont 

limestone, all of Ordovician age. The faunas of the Harding and Fremont are those 
of the upper Ordovician (Trenton), and I doubt if the lowest Ordovician is repre­

sented. A.nother gap would then exist between the highest Cambtian and the lowest 
Ordovician bed. Cross notes an unconformity of overlap between the Harding sand­
stone, and I can not believe that this unconformity, or the movements which caused 

it, were restricted to the immediate region of the Pikes Peak quadrangle. It can 
probably safely be said of the Ordovician that it is now represented by fragments, 

and that deposition was affected (and possibly the present existence governed) by 
contemporaneous movements. The Upper Silurian appears to be entirely wanting 
in Colorado, and most of the Devonian as well. The latter period is very doubtfully 
represented by the Parting quartzite, whose age is not definitely known, and certainly 

by the lower part of the Ouray and Leadville limestones, whose fauna belongs to the 
upper Devonian. No rocks were formed, then, from ,the end of Ordovician to 

toward the end of Devonian time, or if formed they were also swept away again. 

The· upper portion of the Ouray and Leadville limestones carries a Mississippian 
fauna, and while the faunal break is what one might almost call absolute, the litho­
logical indications are that sedimentation was continuous from the Devonian. But 
the sharp faunal break and the fact tha:t apparently in places, as along the Front Range 

the upper limestone with the Mississippian fauna exists without the lower, would 
-seem here again to indicate an overlap and possibly an interval of erosion or non­

deposition. The upper portion of the Ouray and Leadville limestones is of Missis­
sippian age. Its upper limit is marked by an erosional unconformity, and the paleon­
tological evidence indicates that only lower Mississippian time is represented. The 

middle ( ?) and upper Mississippian, and prob3:bly part of the Pennsylvanian, are 
wanting through erosion or nondeposition. The lower part of the Hermosa (and the 

Molas formation where present), which succeeds the Ouray, I am disposed to correlate 
-~ith the Weber shale and the \Veber limestone, which follow the Leadville limestone. 
Their deposition appears to have been consecutive with that of the rest of the Hermosa' 
and with the lower Mar~:>on and the Weber grits, which I also correlate. At the same · 

time the Maroon sediments transgress the Weber series, and in fact ·all the earl.ier . 
Pafeozoics, and in the Crested Butte quadrangle and elsewhere lap over upon the 
Archean. There is also a certain individuality about the lower Hermosa and the 

Weber faunas, while the conglomerates of the lower Maroon contain pebbles of 
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limestone with Upper Carboniferous fossils. The fauna of the pebbles, however, 
is not that of the Weber limestone (and of course not that of the Leadville), but of the · 

Maroon itself. Between the Hermosa ( = the lower Maroon) and the Rico (supposed 
to equal the upper Maroon) another interval may exist. This is indicated by the faunal 

change between the Hermosa and Rico formations, by the much greate~· thickness of 

the Hermosa in Sin bads Valley, and the presence in itS upper portion of a fauna dif­
ferent from that of the typical Hermosa. Evidence favorable to this, however, may 

exist in the color change to the dark-red Maroon beds, and in the great number and 

size of the Archean bowlders which their conglomerat~s contain. Between the Rico 
and the upper Maroon formation on one hand, and the bri~k-red Dolores of the San 

I • 

Juan, the Triassic of Aspen and elsewhere in Colorado, and the \Vyoming formation 

of the Tenmile district on the other, another importhnt interval, probably accom­

panied by erosion, seems to have occurred. This is indicated by the probable 
absence of the Permian and possibly of portions of the Pennsylvanian series between 

the Rico and Dolores beds, and by the overlap of the/ "Triassic" upon the Archean_ 

at a number of points, and is implied in the suggested correlation of the section in the 
Uinta Mountains with that of central Colorado. OwinJg to it the whole Carboniferous 
series in the Uinta 1\llountains above the Uinta sandstone is missing elsewhere in Colo­

rado, a and the upper 1\llaroon from a thickness of 2,500 feet in the northern part of the 

Crested Butte quadrangle is greatly reduced in the southern, b~con1es only 300 feet 
in the San Juan (Rico formation), and is apparently missing altogether in the Dolores 
·River region. I may have misread the paleontologic and other evidence in some 

cases, and have erred in correlating the Colorado sections with one another and with 

those of the Uinta and vVasatch mountains (though. the latter correlation is certainly 
borne out by numerous collateral circumstances), but the existence of an unconformity 
and time break following the Leadville horizon can hardly be questioned. Now, it 
seems to me that the conditions under which neither erosion was carried forward nor 

sedimentation going on (except for abyssal tracts which can probably be left out of 
the discussion) must have been rather exceptional, and that their existence over large 
areas and permanence through protracted periods of time must have been of rare 

occurrence. The apparent conformity in Colorado in local sections of Baleozoic 

formations showing important differences of geological age would then i11dicate 
either protracted erosion and complete baseleveling or slight elevation and shorter 
periods of exposure to atmospheric forces. Somewhat as it is true that the oldest 

mountains are the lowest, may it almost be said that the greatest unconformities, 
those involving the most extensive territory and the longest periods, are least appar­

ent. Where the areas which have been tilted are extensive, the angular unconform­
ity between the existing and the succeeding sediments is often imperceptible. Where 

a Unless the,Y are represented in the northern part of the State by sediments now supposed to belong to the Maroon-­
Weber series. 
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the elevated surface has, been reduced by protracted erosion to a base.:.level, erosional 
· unconf<?rmity in local exposures is largely obscured. 

I shall venture· to say but little about Paleozoic time earlier than the Car:.. 
boniferous. lt seems to me, however, that the evidence, briefly and partially sub­
mitted, indicates that conditions were not uniform in successive epochs, and that 
·sedimentation was not continuous during Paleozoic time; that it was not only 
interrupted, but one might almost say w~s reversed. Indeeq, the. evidence coming 
before me seems ·to indicate uniform contemporaneous conditions, sediments, and 
faunas overremarkably extensive areas in the West, with changes to other contempo­
raneous conditions equally widespread. It is possible that some of the . present 
Archean areas were islands during Cambrian time, yet too much weight should 
ngt attach itself to the siliceous character and basal conglomerate, for the wide 
distribution of moderately coarse conglomeratic material not linearly along a coast 
but apparently in ~n areal sheet is a common geologic occurrence. On the other · 

hand, the different calcareous beds I conceive, accep~ing the common interpreta­
tion, to represent moderately deep clear waters. I can not believe in the form.a­
tion of· reasonably pure calcareous sediments close to an .Archean land mass save 
as an exceptional occurrence. The overlap of a limestone series upon the Archean 
or Algonkian, as noted in the case of the Ouray limestone of the San Juan region, is 
significant in indicating important hypsometric changes. 

I would. conclude, from the foregoing considerations, not that there were no 
land mass~s during Paleozoic· time, but that they were independent, and. not n~ces­
sarily continuous from period to period; and that the consideration of geographic 
conditions · should be epochal, while to speak of them in connection with Paleozoic 
time as a whole is fallacious. But the accumulation of many more facts, both in 

stratigraphy and in paleontology, is necessary to complete the evidence. While per­
haps an opinion has been expressed regardi~g early Paleozoic conditions stronger and 
in more general terms than the facts really warrant, it is my belief that during Lead­
ville time at least the questionable Archean 1slands were submerged beneath a wide­
spread Mississippian sea. This opinion rests chiefly upon the persistent lithologic 

- and paleontologic characters displayed by the rocks of this period. The 'Vaverly 
horizon occurs in a; large number of our Western States.' It ~s nearly everywhere 
a limestone formation, and everywhere characterized by essentially the same fauna. 
This is quite true of the .Waverly horizon of Colorado-the Leadville limestone. It 
seems likely that the proximity to land, if ~uch existed, w;ould be indicated by a 
change in the sedimentation if not in the fauna. Nowhere does thi~ seem to be the 
case in Colorado. The · small isolated area of Paleozoic outcrop in Manitou Park and 

the long strip in the Mosquito Range are frequently accounted for as having been 
bays and inlets, but the char-acter of the fauna seems to be essentially the same as 
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that of open water, with similar calcareous sediments. For my own part, these and 

similar phenomena, such as the fragmentary occurrence of the Sa watch quartzite and the 
Yule limestone described by the Van Diests, near San Luis, are more naturally 
explained as remnants of strata that once were continuous over the Archean. In the 

matter of faunal characters the Leadville limestone at Leadville and the Millsap 
limestone of the Front Range possess eha_racters in common which distinguish them 

in some degree from the other :Mississippian faunas of Colorado; but since they occur 
on opposite sides of the long Archean tract of the Colorado range, it seems to me very 

doubtful whether this fact can be taken as indicating local conditions due to adjacence 

to land masses. On the other hand, the difference of the Ordovician section along 
the Front Range and in the interior may afford ground for argument in favor of the 

I 

existence of a barrier between them during Ordovician time. Yet it would little 

surprise me, if a careful study of the faunas of both areas were made, to find that 
the difference is not so great as now appears, and that it is due rather more to lack 
of uniformity in what has been removed than to lack of uniformity in what was 

originally deposited. 

Attention has several times been called in geologic works to the thinning visible 
throughout the Paleozoic series in passing eastward from central Utah to the Front 

I , 

Range. This is noticeable even in following the different Paleozoic formations in 
the State of Colorado. I would attribute this not tp a normal thinning or com­
pression of the larger series, but to the removal or nondeposition of sediments at 
many horizons. An instance in point seems to be the absence in Colorado of the 
upper part of the Mississippian portion and part of the Pennsylvanian portion .of 
the Wasatch limestone of Utah.a 

It is a rather significant fact that so many of the formations ·thin toward the 

east, and seems to indicate that about the present position of the Front Range, or 
possibly east of it, exists a permanent line of weakness which has been repeatedly 
elevated, eroded, and submerged. This has a eertain bearing upon a question which 
has often recurred to me as needing explanation. If, as many believe, mountain or 

land masses and marine basins have in their general outlines always existed, and if, 
as seems little doubtful, the clastic rocks which form masses of the continental 

bodies have as their ultimate source the original Arthean basement, together with 
such additional supply as is afforded by volcanic extrusions, or obtained from the 
atmosphere in the formation of carbonate~, it must follow 'that the original Archean 

continents were of as large size as the existing ones, unless the land masses were 

then much higher or the marine basins shallower . The latter proposition seems, 
indeed, a probable one. If, however, the Archean masses represent permanent 

a The reality of this instance depends of course upon the correctness of my correlation of the Colorado rocks with 
those of Utah, 
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. areas of weakness, which were continually being pushed up and eroded, a constant 
source of material would be afforded by comparatively limited tracts. . There cer­
tainly seems to be evidence to favor such a hypothesis with regard to the Archean 
area represented. by the Rocky Mountains of Colorado, and possibly similar . 
conditions existed with regard to the other notable Archean areas. .Somewhat as a 
corollary. to tl:ris would be the supposition that these areas were not permanently 

. above water, and though repeatedly elevated were sometimes depressed. In the 
Rocky Mountains these movements seem to have involved such large surfaces that 
their effect upon the strata is often not apparent, except as indicated by overlap or 
by the comparison' of sections widely separated from one another. The great . 
amount of disturbance which the strata in Colorado · have undergone would also aid 

in concealing local evidence of unconformity. 



MISSISSIPPIAN. 

FAUNAL EVIDENCE AND CORJELATION. 

In Colorado, and generally throughout the W estl the Upper ancl Lower Car­
boniferous faunas are well differentiated. In Colorad the only Mississippian hori­
zon is that of the Leadville limestone and its equivalents, the Ouray and Millsap 
limestones. This formation contains at many points a haracteristic Upper Devonian 

fauna in its lower part, and at the top a fauna equall distinc.tive of Carboniferous 
time. This is true of the Crested Butte region, the an Juan region, and th~ beds 

at Salida. At some points only the Devonian fauna t's known, and at others only 
the Mississippian; but in view of the scanty character of our collections from many 
of the areas,. the expectation is reasonable that if caref"fl search be made both faunas 

will be found at some of the points at which only one ~snow known. 
The Mississippian fauna of the Leadville limestone represents the early portion 

of Mississippian ti.me, and is related to the fauna whi~jh occurs with such wonderful 
persistency throughout the "\Vest. It is closely similar to the fauna of the Cuyahoga 

shale of Ohio and the Chouteau limestone of Missouri, and this relationship has been 
generally recognized. Of this further pro.of need ha dly be offered than the faunal 

lists themselves. The evidence both of species anl of genera is quite clear in 
indicating the early Mississippian. 

In Colorado we have no upper Mississippian fa nas. This is true of a large 
part of the western country, even where early Missislippianrocks are known. On 
the other hand, at a few p~ints, unmistakable. faunas f the Genevieve period have 
been found, so that there IS no reason to beheve tha these rocks and faunas have 

never been deposited in theW est. In Colorado the~e is satisfactory evidence that 

the Leadville limestone was followed, though probabfy ·not directly, by a period of 
elevation and erosion; and I believe that the absence of Genevieve faunas, both in 
Colorado and elsewhere in the vVest, is in large meas re accounted for through the 

saJJ;le circumstance. In the Leadville limestone, therj fore, so far as its fossils have 
come into n1y hands, I believe that Genevieve time is / not represented, nor probably 
Keokuk m: upper Burlington. The Leadville fauna, according to my interpretation, 

represents, in the Carboniferous, Kinderhook, and plsibly lower Burlin.gton time. 
I have spoken of the Leadville fauna as a unit. I fact, collections from different 

disconnected areas show rather strong local groups of species. This is no doubt in 

part due to local differences in the condition of enviro ment. It is in part the result 
of the scantiness of many of our collections. Mississi~pian faunas have been found 

in Colorado, in the San Juan region, in the Crested Bhtte quadrangle, in the Aspen 
district, in the Leadville district, at Salida, at Canyon in the Pikes Peak quadrangle, 
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at Perry Park, and in the Upper Carboniferous ( ?) conglomerate of Larimer County. 

I shall proceed to speak separately of each local group of faunas. 

SAN JUAN REGION. 

Colleftions were made in the San Juan region at nine localities (stations 2379, 
2380, 2381, 2382, 2384, 2385, 2386, 2387, 2388), and contain 32 species. The material 

was obtained, part of it in place (from the top of the Ouray limestone), part from 
cherts and cherty limestones lying loose upon areas of Ouray outcrop, and part from 

chert bowlders included in the unconformably overlying red shale of the Hermosa 
· formation. The fauna is in every case essentially the same. The local faunas of 
this region represented in our collections are exhibited in the following table: 

TABLE I. a-Table showing distributwn of Mississippian species in the Ouray limestone of the San Juan region. · 

2379. 2380. 2381. 2382. 2384. 2385. 2386. 2387. 2388. Total. 

------ ---------------1---1·--11----------------

C<ELENTERATA. 

Zaphrentis tantilla .....................•.................•. ; X •••••• -····· •••••• . X 

Zaphrentis? sp. a............................................ X X 

Menophyllum ulrichanum ....................••....•....... X X 

Syringopora surcularia ............... ~ . . . . . . . . . . . . . . . . • . . . . . . ... , . . .... . X 

ECHINODERMATA. 

Rhodocrinus·sp .................................••.•.....•••....... ~ ..... . . . . . . x 
Platycrinus sp......... .. . ... . . . . .. ..........•.• ...•. .•... .. . .•.... . ..... . ..... X 

BRYOZOA. 

Fenestella serratula?........................... .• . •. . .. . . .• . . ..•.. . . . . . . . . . . .. x 
Fenestella cf. filistriata ...................•...•.•.............. -... . ..... .. .•.. x 
Fen estella sp .............................• ~ ..•..•..••.................•....... X 

. Batostomella sp... .. . ... . ... . . . . .. ... . ........•... ... . ...... . .. ... . ..... . ..... x 
Fistulipora? sp.............................................. . . . . . . . . . . . . . . . . . . x 

BRACHIOPODA. 

Rhipidomella pulchella..................................... x .......... ......... X 

Orthothetes imequalis.. ....... ... . ...••........ ..... •....•.. x X X 

X X X 

X 

X 

X 

•••••• •••••• •••••• !•••••• •••••• 

X X . ........ .......... ....... 
X X ........ ····-· .......... 

Chonetes illinoisensis .................. ·.••..•....... . . . . . . . . x X - •••••••••••••••••• ·····• •••••• •••••• 

Productella concentrica..................................... x .•................................•............. 
Productus semireticulatus var.............................. x x x x ...................•.... 
Productus parvifonnis .... : . ............•..••• ·••.. •... ...... ...•.. . ..... x .........................•.......... 
Productus lrevicostus ................ .' ......... , ...... : ...... x ...... ...... x ...................•••........ 
Spirifer centronatus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x x X X ••••••••••••••••••••••.• 

·,Spirifer peculiaris? .............................•.............................. 
Spiriferina solidirostris?........................ .. . . . . . . . . . . . x x 
Seminula sp·..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . x 
Eumetria marcyi? ............. ·.... . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . x 
Camarotrechia metallica .......................... :. . . . . . . . . . . . . . . . • . . . . . .... . 

PELECYPODA. 

X (?) ..•••..••••.••••••.•.... 

X 

X 

X 

X 

Crenipecten hallanus ............................................. ··.·•·· •..... x ............................. . 
Myalina arkansasana? .......................•.•....•........... ~. x . . . . . . . . . . • . . . . . • . x x \ ..... . 
Myalina keokuk ................ .- ..................•••....•............... ·.... x ....•.•..••................... 

GASTEROPODA. 

Platyceras paralium ?" •••••.•••••••• · ••••••••••••••••••••••••••••••••••••• X X X 

Orthonychia formosa? ... ; ..•.........•....•.•..•••.•••...... : .............•.. X 

Straparollus utahensis . . . . . ... .... ..•••••••••.••••••••••.. .. . ...•. . ..... x 
Bellerophon sp. .. . . . .. . ....... .....••...••••••••.•.......... . ..... . ..... x 

TRILOBITA. 

Phillipsia peroccidens ............................................ ~ . . . . . . . . . . . . x 

a For a description of the localities indicated by number in this table see locality register, pp. 519-532. 
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This fauna is so closely similar to that from the W a atch limestone of Utah and 

the Madison limestone of the Yellowstone National Par·k that detailed comparisons 

can well be omitted. A somewhat alien feature is the resence of j_lfyalina arkan­

sasana?. The identification is not certain, but .the as ociation of this form, thus 

imperfectly identified, with an early Mississippian fauna is reasonably sure. 

Though the age of the fossils from station 2385 is not ntirely unassailable, yet the 

stratigraphic, together with the direct and indirect pal ontologie evidence, raises it 

almost above suspicion. This form, to which it .will e necessary to r efer later, 

while possibly belonging to a somewhat distinct horiz n, nevertheless forms a part 

of and is of the same geological age as the regular Oura Mississippian fauna. 

CRESTED BUTTE QUADRANGL~ . 
The fossils here considered were colle.cted in conne+ion with the areal work for 

the Anthracite-Crested Butte folio. a Ten local collecl ions (stations 2350 to 2359) 

and 15 species constitute the available data. The local representation and distribu­

tion of species can be seen in the accompanying table. 

TABLE II. b-Table showing distribution of Mississippian species in t e Leadville limestone of the Crested 
Butte district. 

2350. 2351. 2352. 2353. 231~. 2355. 2356. 2357. 2358. 2359. Total. 

- - - - ------------1-------- -r---------------

C<ELENTER.A.T.A.. 

Zaphrentis tan till a . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . • • . . . . . . . X X X ..... X ............ X ..... . 
Zaphrentis ? sp. a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x X .••••••.••••••••• •••·•• •••••· •••••. 

Syringopora aculeata .............•....... .-.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................•.. ·... X 
Syringopora stuctJ,laria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ..... . 

BRACHIOJ>ODA. 

Rhipidomella pulchella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ..... . 
Orthothetes inrequalis . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ....•..••.•....... 
Productus semireticulatus var .............................................. . 
Spirifer centronatus .. ~ . ............................. x . . . . . . x ..... . X X X •••••••.•••. 

Spirifer centronatus var ........•.................................... ; . . . . . . . . . . . . . X ....................... . 
Spirifer peculiaris? . . . . . . . .. . . . . . . . . ....... .. . . .. . ... . . . . .. . .. ... . . . . .. . . . . . . . . . . . . . . . . . . . ..... . ..... X 
Syringothyris carteri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ..... . 

~ 

GA.STEROPODA. 

Straparollus luxus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . X . . . . . . X ........... . 
Straparollus ophirensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ......................................... . 
Loxonema? sp. ... .. . ... .... .. ... .. ...... ...... ...... x . . .... . .. ... ..... . . ..... . ..... . ..... . ..... x ..... . 
Bellerophon sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ..................................................... . 

The most diagnostic assemblage of spe~ies occurs Jt station 23~8. The assign­

ment of this fauna to a period in the MiBsissippian ofer than the Genevieve will 

· hardly, I think, excite objection. The other local colle tions are less extensive and 

in general less diagnostic, but so far as they are signi cant indicate e::;sentially the 

aU. S. Geol. Surv., Geol. Atlas U.S., folio 9, 1894. 
b For a description of the localities indicated by number in this table see locality register, pp. 519-532. 
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same geologic age and agree with the stratigraphic evidence which assigns them to 

the sa~e formation. Taken as a whole, this fauna is closely related to that of the 
San Juan region, and like it is allied to the Waverly fauna of the Wasatch limestone 
and the Madison limestone. Nine of its fifteen species occur in the San Juan region, 

while the others are found associated with the San Juan species in other areas. 

ASPEN DISTRICT. 

The Aspen collections are very scanty. They were obtained from the Lead"':rille 

limestone in that vicinity by Mr. Manuel and A. Lakes, and we~e originally examined 
by C. D. Walcott, whose identifications, quoted from Lakes's paper, a are as follows: 

1. Syringopora sp. Turtleout Park, Aspen Mountain. 

2. Zaphrentis sp. Turtleout Park, Aspen Mountain. 

3. Sponges in oolitic limestone. Head of Keno Gulch, Aspen Mountain, above the "Grand Pacific" 

mine. 

4. Pleurotomaria sp. Turtleout Park, Aspen. ' 

5. Straparollus sp. Turtleout Park and Frying Pan. 

6. Euomphalus sp. Frying Pan Creek, near Aspen. 

The following table, based upon my own determinations, shows the local faunas 
and the specific d~stribution: 

TABLE lllb.-Table showing distribution of Mississippian spec-ies in the Leadville limestone of the Aspen 

district. 

2362. 2363. Total. 

-------------------~~-----------'----- 1--- ------

CG!:LENTERATA. 

Zaphrentis ? sp. a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · x X 

Syringopora aculeata .. ~ ........................ .. ..................... .. ................ _ ........... : . . . . . . . . x· 

BRACHIOPODA. 

Productus cf. pustulosus ........................... ~ . ...... · .. ....... . ............ ..... ·............ ... x 

GASTEROPODA. 

(?) Straparollus ophirensis...................................... . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 

~:=~==: ~:~e~~' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •I:. {?) .. X ~ 

2 

2 

(?) 

The geologic age of this fauna is not entirely appar~nt independently, though it 
contains suggestions of the Waverly faunas .of the Wasatch Mountains and the Yel­
lowstone National Park. As it occurs at the same horizon (in the Leadville lime­
stone) ·as the more extensive faunas of the Crested Butte-and San Juan areas, their 

evidence can safely be employed to supplement that which is intrin~ic. 

•.Colorado State School of Mines, Bienn. Rept. for 1886, 1887, p. 60. 
b For a description of the localities indicated by number in this table see locality register, pp. 519-532. 
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LEADVILLE REGION. 

. The material studied by me is that collected in tlie early eighties in the course 

of the areal work for the Leadville monograph. a Sincb that time no new collections 

have been made, though it is possible that the old one~ have suffered ~n some slight 

degree from loss. The fossils under immediate consid•: ration came from the Blue or 

Leadville limestone, which is eponymous of this 1~egi ~n. It comprises ten species, 

from seven localities, a meager and unsatisfactory faun:J. The fauna and its different 

local facies can be seen from the accompanying table : 

TABLE IV. b--Table showing distribution of .. lifisS'issipp'ian Bpec·ies 1'n the Leadville limestone of the Leadville 

district. 

2372. 2373. 237 . 2375. 2376. 2377. 2378. Total. 

------------------- 1---- --- 1- r--------- --

C<ELENTERATA. 

Zaphrentis? sp. b ... .. .. . ... ............... ....... .......... . ............. . . . X 

BRACHIOPODA . 

Orthothetes inrequalis. _ ... ........................................... ............ ............... .. 
Spirifersp.a ...... ,. . . ........ ... ....... . ................................... . ...... ............... .. 
Spirifer sp. b ......................................... _.... x x x 
Seminula subquadrata ? . .................................................. .. .. . . .. 

Eumetria >voosteri .... _ .......................................................... . 

PELECYPOD A. 

X 

(? ) 

X 

X 

X 

Myalina arkansasana? ....... ............................. x ....... . .... .. .. ........ ........ x 

X 

X 

Conocardium sp ....................................................... _... .. .. .. . x ..... ....... _ ....... _ .. .. 

Stmparollu' of. 'Pe<ge:::o~n~ . ... ... ... .. . .(...... x x I···· ········ 

1 

(?) 

1 

5 
3 

(?) 

2 

1 

2 

All of these collections are recorded as from the Blue or, as it has since been 

called, the Leadville limestone; and with slight excep!ions the physical character of 
the matrix and the fossil faunas which they carry are c rrespondingly simi.lar. "The 

only fossils obtained from this horizon were found in the extreme upper part of the 

formation, either in the limestone itself or in chert 9odules, which are found- scat­

tered over its weathered surface." c This statement dccurs in the Leadville mono­

graph, and the following specific list. drawn up by R. P. Whitfield, is appended 

(page 66): 

Euomphalus sp. cf. Eu. spergenensis. 

Spiriferina sp., probably new, resembling Sp. 

kentuckyensis. 

Athyris subtilita. 

Pleurophorus oblongus. 

Productus costatus. 

Spirifera (M~rtinia-) lineata. 
Spirifera roc ymontana. 

Streptorhyn .bus crassus ( crenistria). 

Cyathophyll id corals, resembling Zaphrentis, or 

CyathaxoJia cynodon. 

a Geology and mining industry of Leadville, Colo., by S. F. Emmons: U. S. Geol. Surv., Mon., vol. 12, 1886. 
l> For a description of the localities indicated by number in this table ee locality register, pp. 519-532. 
cU. S. Geol. Surv., Mon., vol. 12, 1886, p. 66. 
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The differences between my list and that in the Leadville monograph must in 

part be charged to the element of persona~ equation in the matter of identification, 
in which the unfortunate condition of preservation in the present case allows unusual 

latitude, and in part probably to losses from the collection since the publication of 
the report. My table shows the present condition of the collection. 

In a previous stat~ment I had 'reference to the species Froductus costatus, Spi­
rifera lineata, and possibly also Spirifera rockymontana, which occur in the earlier 
list but not in mine, for of these species nothing has come to hand which would 
in any likelihood receive these identifications. My reasons for differing from the 
published identifications are in most cases given in the description 'of the species. 

From the faunal list above quoted the conclusion was drawn that. the Blue lime­

stone is of Mississippian age. ' ' vVhile most of the forms are common to the Coal 
Measures of the East, the first :q1entioned is there .found in the Lower C~rboniferous. 
For this reason, and because this form and the !Spir~ferina do not occur in any of the 

. higher beds, it seems justifiable to assume that this horizon represents the Lower 
Carboniferous of this · district." a Although ' this conclusion is, I believe, a correct 

one, it hardly seems justified by the faunal list, which is composed chiefly of Upper 
Carboniferous species, even though there are present a form of Eumnphalus like 
E u . sp~rgene?_~i8 and a new species of · Spiriferina (which is said to resemble the 

Coal Measure Sp. kentuckyensis) not found in the beds below, unless, indeed, the 
term Lower Carboniferous is not -employed as a division of the time scale equiva­

lent to Mississippian, but simply indicates the lower part · of the Carboniferous, an 

equivocal and altogether objectionable usage. 
Of the general age of the Blue limestone as belonging to the Lower rather thap. 

to the Upper Carboniferous 1 have little doubt. The £act hinted at in the mono­

graph, that there is a distinct faunal break (brought out more strongly in . my lists 
t~an in the earlier ones) between the Blue limestone and the formation next above, 
is certainly sig~ificant. The presence of a retzioid of the type of Eumetria 1.Jerneu­
iliana would, if the determination were based upon adequate material, be almost 
conclusive; but as it is, the value of this evidence is somewhat diminished. This. 
occurrence, however, the absence of characteristic and common Upper Carboniferous 
species, the affinity and sometimes identity with Mississippian forms of such as are 
present, together with the stratigraphic and zoological relations o.f this fauna with 

other Mississippian faunas of Colorado, seem to me to be satisfactory evidence of its 

Mississippian age at least. 

I wil proceed to consider the fauna, species by species, in · its bearing ~pon the 
age of the Blue limestone as Lower rather than Upper Carboniferous. Orthothetes ~ 
sp. more nearly resembles forms occurring in the lower portion of the Mississippian 

aU. S. Geol. Surv., Mon., vol. 12, 1886, p. 66. 

' ( 
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series tha.n the familiar Pennsylvanian IJerbya crass~ or ~ven the Neo-Mississippian 

·forms. The Semin~tla present resembles the Chester fo~m S. subquadrata more than 
S . subtilita, common in the Upper Carbon'iferous, but t~e e-vidence of the present 

material in its relation to both these species can only be r
1

egarded as slight. Spirifer 
sp. is of a type which is unknown in our Upper Carboriferous faunas, and one so , 

rare that I am acquainted with but two others similar to it~Spiriferina aciouUj'era 
Rowley, which was found at the -very base of the Mis issippian series, viz, in the 

Louisiana limestone of the Chouteau group of ·Misso ri, and Spirifer schucherti 
Rowley~ found in the L?wer Burlington limestone at oujsiana, Mo. Regarding 

E~tmetriaf sp., as previously stated, if this fossil coul be definitely identified as 

Ett. 1'harcyi or Eu. altirostris, the evidence thus afford d would be of considerable 

moment. As I personally regard the identity of this sh ll with one or other of the 

species mentioned as highly probable, I still attach importance to its presence in this 

fauna. Myalina arlcansasana! seems to be more nearlyl allied to the Chester form 

than to any occurring in the Upper Carboniferous, not even excepting Naiadites 
elonqatus. .EUornphalius cf. sperqenen~is has its closest a! d indeed its only close allies 
in the Mississippian series, and I can recall no form i9 the Upper Carboniferous, 

and especially no common form, to which it could. be refbrred. The other species of 

the Leadville have essentially no weight in the prese+ discussion. The intrinsic 

evidence, therefore, is almost invariably in favor of referring the Leadville limestone 
to the Lower C~rboniferous, and its cumulative force is considerable. But the age 

of the L eadville limestone at Leadville need not be, nd indeed should not be, 

determined independently of the Carboniferoru; faunas of other areas. 
Geographically and in the correspondence of geologic section the Paleozoic 

deposits at Leadvill~ ~re closely related to those of spen. The fauna from the 

Leadville limestone at Leadville, however, is less simi ar to that of the Leadville 

limestone at Aspen or in the Crested Butte quadrangle han to that of the Paleozoic 

exposures of the Front Range. Indeed, only a single s ecies, doubtfully identified, 

of those at Lead-ville occurs either at Aspen or in the C~este. d Butte quadrangle, and 
but two are found to be common to the Leadville and t e San Juan, Crested Butte, 

and Aspen faunas. As I shall subsequently point out in detail, a mucll closer relation 

exists between the Leadville fauna and that of the Fro t Range Mississippian, and 

the faunas of this group are rather markedly different frop those of central Colorado. a 

Neither can the age in the Mississippian of this typical teadville fauna be considered 

apart from the evidence of the related faunas which I have yet to consider. There­

fore the discussion of . this point will be deferred to rl somewhat later and more 

advantageous place. 

a While these statements are true for the collections in hand, the latter are o scanty and presumably so imperfectly 
represent the whole fauna that they may not accurately express the real faunal elations. 
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SALIDA. 

Only two Mississippian collections are present from Salida, and only four speCies 
_are -represented. The correlative force of this fauna, therefore, is very slight indeed. 
As, however, it was derived from the horizon of the Leadville limestone, and ~s all 
the species save one occur in the Crested Butte quadrangle, and that one, a Seminula, 
is similar to a species occurring in the Madison limestone, it will be safe to unite 
these localities with the Leadville limestone fauna. It should be remarked, how-

-ever, that its affinities appear to be with the group ,of faunas obtained at Aspen and 
in the San Juan and Crested Butte areas rather than with the faunas of t~e typical 
Leadville limestone at Leadville, or those of the Front Range. 

TABLE v.a-Table showing distribution of Mississippian species in' the Leadville limestone of Salida and the 

Monarch district. 

2360. 2361. Total. 

- -;--------------------------------1--- - -----

C<ELENTERATA. 

Syringopora aculeata .. ....... _ ......... .. ..................... _ ..... _ ... .. ...... .. ................ · .. 
Syringopora surcularia ........ . ............................................................... ..... . 

BRACHIOPODA. 

X 

X 

Spirifer centronatus ... . .......... ::... .. ............................................................ x 
Seminula claytoni ................... _ ................ .... ..................................... ..... ...... ! .. . 

CANYON. 

X 

X 

1 

1 

2 

1 

The fossils in this group are from the vicinity of Canyon, and were colle~t_ed 
by T. W. Stanton. Part of the material came from the Harding's quarry locality, 
and were mentioned by C. D. Walcott, b being identified as Spirifera rockymontana 
and .Athyris subtilita_. In view of the geologic proximity of the localities and the 
identity of the faunas, these collections might appropriately have been considered 
with those collected by Whitman Cross from the Pikes Peak quadrangle. I have, 
however, kept them separate. The fauna, which is preserved in chert, comprises 
only six species, and was derived from two localities. The following table shows its 
distribution and"local representation: 

a For a description of the localities indicated by number in this tal;>le Eee locality r egister, pp. 519-532. 
bGeol. Soc. Am., Bull., vol. 3, 1892, p. 157. ; 



FAUNAL EVIDENCE AND OORR ~LATION. 225 

TABLE vr.a-Table showing distribution of ~fississippian species in the Millsap limestone in the vicinity of 
Canyon. 

2366. 2370. Total. 

(?) -------- (? ) 

X X 2 

X ········ 1 

-----------------~------------------ --------------+------------ ---------

::::~:~:~~~~;:;:: •. :: ...• :.: .••• : BRACH'O~DA :: .. :. : .•. : ••. :. : •••. t ••••.• ::.:: •• : .•. : 
Cramena subelliptica var. hardingemis _ . .. .. _ .......... _ . .. .............. ___ . _ .. _ .... _. _. _ ...... _. X X 2 

PELECYPODA. 

1<Iyalina ar kansasana? _ . . . . _ ................. _ .............. _ .. __ ... __ ..... _. . . . . _ .. _ ..... .. .... _ .. . X .............. 1 

GASTER.OPODA. 

X ............. 1 
I 

Pleurotomaria?sp.a. _____ ... ___ .. ___ .. . . ___ . _____ .... ....... .. ...... .. ___ ..... . ................ ____ _ 

Considered by itself the age of this fauna is not very clel-tr from the species col­

lected, but so far as they go the indications are for tbe Mississippian epoch, and the 
lower part of it. This fauna is related to that of the Millsap limestone of the Pikes 

Peak quadrangle, to the Mississippian limestone of Perry Park, and also to the 

Leadville limestone of Leadville. It will be more satisfactory to consider the com­

bined evidence from the faunas of all these areas than to review each separately. 

PIKES PEAK QUADRANGLE:. 

The collections considered m this group were made by Whitman Cross in the 
course of stratigraphic work for the Pikes Peak folio. They came from the :Millsap 
limestone at its exposures in Garden Park in the so-i1 thern part of the quadrangle. 

The fauna, which consists of but four species from as many loc!:tlities, is shown in 

the following table: 

TABLE VII. a- Table shmt,Jing distribut'ion of Jlfississippian species i ~ the Millsap l'imestone in Garden Park 

in the Pikes Peak quadrangle 

----------------------~---------------------------+--~-2-3-65_"_ -2-36_8·- 1 '."': _2_3_71_. _ Total. 

. . BRACHIOPODA . I . I 
Sp1nfercentronatus ............................ . ............................... ··· ·I x I x ' X X 4 

~~~:~:.n:.~~~~~::::; ~~;~;~~::::~~:"~' :::::::::::::::::::::: ::::::::: ~ :: :: ! · .. ;.· I· .. ;· .. ::::::::1 : ~ 
Myahne a<kan,.,_na? ... .. ........ · · · · · · · · · · · · · · · · · ·.· · · · · · · · · · · .:.=t :::.:::: · :L~·::J..:.::_:_· ----~---. _1 

In its.geographic and faunal relations the localitifs in the Pikes Peak quadrangle 
are essentially the same as _those from near Canyo ,· and the same comments that 

were offered there apply here also. . 

a For a description of the localities indicated by number in this ta le see ~ocality register, pp. 519-532. 

14364--No. 16--03--lp 
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P RRRY P ARK. 

Only two collections from P erry Park have ~orne to hand. One of these was 

made by V\rhitman Cross, the other was examined through the courtesy of W. T. L ee. 

The following table shows the distribution and faunas by localities : 

T A BLE VIII. a-Table show·ing distribution of Mississ·ippian species in the Millsap limestone in Perry Park. 

----- - ----------;-- --,-------

2. 36~ - 1 2389 . Total. 
- - - -- ·~------ - .---- __._~. -

BRACHIOPO DA. 

Orthothetes imequa lis.. .... . .. . . . . . . .. . ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (?) (?) 
Spirifer centronatus . ... .. . . .. ...... . .. . :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Spirifer sp. b .. .. . ....... . ... . . . .. .. . .. . . . .. . . ..... . _, ........ .. . .. .. .. .. ... .. .. .. .. . . . . ... ...... . ... x 
Spiriferina solidirostris ? ..... .. ... ... ..... .. . .. . . ... .... .. . .. ... ,. . . . . . .. . .. .. . . .. . . .. .. . ..... '. .. . .. . x X 

Seminula subquadra ta? . . . ... .. ..... .. . .. .. . .... .. __ ,_.. . . .. .. . ... . .... . . . . .. . .. .. .. . .. .. . .. .. .. .. .. .. (?) 
Cranama"subelliptica var. hard ingen~i s . .......... . ... . . .... .. . .... : .. ...... ... .... . .... . . ...... .. .. x x 

PELECY PODA. 

Myalina arkansasana? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 

Streblopteria media ....... . . . .... . . --- ---- . . . .. -.. ----- - -- -- -- -. -- - . --- - : - · ---- -- --·--- - --- r-- --.-- --- --- · ----

CR USTACE A. 

~:~;;:~:~as::: : : : ::: : :: ~ : : : : : : : : : : : : : ::: :: : : ::: : :: :: : : :: : : :: :: : : : : : : : : : :: : :: : :: : : : : : :: : : : : : : : : : : : : :: : : : :: ::::I 

X 

X 

X 

' (?) 

Though all too scanty, the faunal evidence indicates the close3t relation as 

existing between the Perry Park outcrops and those about Garden Park and Canyon. 
Every species but one of those found at the latter loeality app~ars also. at the former. 
The relation of these faunas with those found at Leadville and the other Colorado 

areas will be discussed after eonsidering the last somewhat peculiar collectiop. of 
Mississippian forms. 

LARIMER COUNTY. 

This fauna is based upoil impressions made from casts of shells contained in 
-some pebbles in the conglomerate b occurring 32 miles west and 18 miles north of 
Greeley, Colo. The collection was made by Prof. L. C. Wooster some' time prior to . 

July, 1880. The locality (station 2364) is in Larimer County, east of the Front 
Range, apparently near the point at which the Cache la Poudre River debouc]les 
from the mountains, or possibly somewhat nor:th of that stream. The horizon is 

probably that of the Red Beds. Among the impressions obtained in the manner 
described is that upon which White based the species E umetria woosteri . Associ-

a For.a description of the localities indicated by number in t his table see locality register, pp. 519-532. 
bCannon, writing in 1892 (Colorado Sci: Soc. , Proc. , vol. 4, pp. 224-234) , describes the occurrence of Carboniferous 

fossils in loose chert bowlders widely distributed along the Front Range. The character of the rock and the circumstance 
that no fossiliferous Carboniferous stra ta , except the Millsap limestone, are known along the er.stern flank of the-range, 
save in the Sangre de Cristo Mo'untains and near the Wyoming line, make it probable that this formation was their source. 
The occurrence in this case is similar to that which furnished the· fossils described by White, except that the latter were 
found in an ancient conglomerate and these in recent gravels, which , however, may possibly be partially formed from the 
destruction of the conglomera te. 
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ated with this species "\Vhite cited Sp'i'rifer rockymo tanus :Nlarpou, Spiriferina 
octopl-icata Sow., Spirigent subtilita Hall, I-Iemipronites (ffenistria Phillips, and Axo­
phyllwrn radi8 "\\.,.hite and St. John, and he refers the tv hole t.o the age of the Coal 

Measures. b The list of species identified by me is as fo lows: 

CCELEN'l'ERATA. 

Zaphrentis? sp. c. 

BRACHIOPODA. 

Orthothetes inrequalis. 

Spirifer centronatus. 

Spirif r sp. b. 

Semin la humilis? . 

Eume ria woosteri. 

GASTEROPODA. 

"\Vith material which is not only scanty but preser ed in the fashion that this is, 

the same precision is not attainable as in more abun(l.an normal examples, and it will · 

be noticed that I have departed from White's identifica~ions in many instances. ~Iy 

reasons for doing so are stated in the description of spepies in each case. Considered 

apart from the form described as Ewnetria woosteri, the evidence is not conclusive; 

but the absence of characteristic Coal Measure forms I and. the presence of such as 
Spirifer centronattts and Seminula kumilis directs a decision favorable to the Lower 

Carboniferous age of the fauna. 
E-wnetr1:a woo8teri, although its generic position o internal and strictly generic 

characters can not be ascertained, is a form to which nothing similar has yet been 

recorded from Upper Carboniferous strata, but which i very closely allied to several . 

species occurring some in the Kinderhook and other in the St. Louis and Chester 

divisions of the Lower Carboniferous, and forming together a group of shells 

peculiarly Mississippian in expression. It may be th t subsequent discoveries will · 

enlarge the range of Bu?'ltetria and the other types inv lved, but at present at least 

the evidence, coincident in every species, indicates th Lower Carboniferous age of 

this fauna. I think, too, that the age indicated is basal Lower Carboniferous. 
Enm-etria woosteri appears to be on the whole more osely related to the Kinder­

book than to the Chester species of Eu1netria, and I a disposed to believe that it 

will prove a synonym of Eurnetr1:a altirostris. Stra ds of evidence more 'or less 

t.ennous proceeding from the species Ortlwthetes inmtualis.tt, Sp,irifer centronatus, 
and Serni·nula kumilis all tend to the same conclusio , and justify the provisional 

reference of this fauna to a position somewhere in the ' inderhook or the Osage divi­

sion of the Mississippian. Most of the species which I have identified are found also 

in the Millsap limestone farther south or in the Lead vile limestone at Leadville. It 

seems very likely, therefore, that the rock from which these impressions were made 

was derived from the same horizon that furnished t fossils from those localities. 

The shurpness of the detail of the impressions and thei nature as such even suggests. 

bU. S. Genl. Geog. Snrv. Terr. , Cont. to Pal., Nos. 2-8, author's edition, July, 1880, p. 134. 
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that the original bowlders were siliceous or cherty, in which mat~ rial all our fossils 

belonging to the fauna8 mentioned are preserved. 

SUMMARY. 

The Lower Carboniferous faunas of Colorado can be separated on ip.trinsic 

evidence into two groups, thB first of whieh embraces. those fro~ the Ouray limestone 
of the San Juan region and the Leadville limestone of the Creoted Butte, Aspen, 

and, Salida localities; the other embraces those from the Leadville limestone at 

Leadville, the Millsap limestone of Canyon, Garden Park, and Perry· Park, and the 
Red Beds conglomerates near the northern border of the State. Where small col­

lections are made at different points from a large and varied fauna it would follow 

that comparatively few species would be common to any two of therri. This seems 

true, both as to condition and result, of our Mississippian collections -from Colorado. 

On the whole, however, both groups of faunas show considerable homogeneity. 

The chief question is _how far they are distinct from each other. The fauna of the _ 

San J nan and Crested Butte collections is clearly that which has several times been 

described from the Wasatch limestone of Utah and the Madison limestone of the 

Yellowstone Park and Montana. It occurs also in the Chouteau limestone of 

Missouri and the Waverly group (Cuyahoga shale) of Ohio, and its geological age is 

probably chiefly upper Kinderhook and lower Burlington. It may at least safely be 

. asserted that it is older than the Genevieve period. The fauna of the other group 

of localities has a more unusual facies. Considering the meager character of the 

collections, this fauna is rather unusually homogeneous. The faunas from Garden 

.Park and Canyon are practically identical. Five of the eleven species found at Perry 
Park occur also in Garden Park, and these five include the abundant species. Four 

of the seven species from the Red Beds conglomerate occur at Perry Park or at 

Garden Park. Five of the nine species found at Leadville were obta~ned in the Front 
Range beds, and only two occur in the far more abundant faunas of the San Juan and . 

Crested Butte regions. At the same time, though the Leadville fauna is much more 

similar ·to those of the Front Range than to _those of central and southwestern 

Colorado, there are certain well-marked peculiarities, as, for instance, the abundance 

along the Front Range of Cranmna subelliptica var. hardingensis, which is not known · 

at Leadville. The Front Range group of faunas, therefore (including Leadville), is 

rather peculiar- to what extent may be gathered from the fact that from a total of 

nineteen species hilt four occur in the San Juan and Crested Butte group, the resem­

blance being especially with the faunas of the SanJuan region. The fossils at Can­

yon, Garden Park, and Perry Park occur in cherty bands or nodules, bright red on 

the outer surface, but whitish, purplish, or buff within. From their occurrence and 

pre~ervation there is reason to believe that the impressions from Larimer County 

were made from cherty bowlders. Most of the Leadville fossils occur · in siliceous -
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segregations of nearly black color, while many of those from the San .Juan region 

are inclosed in cherts of a nearly white tint. Thus the collections having this rather 
puzzling· fac~es are cha"t'acterized by their cherty matrix. While the fauna of the 

·San Juan~ Crested Butte, and other areas occurs at a number of points both north, 
east, south, and west of central Colorado, I do not recall the Front Range association 

of species from any other point; It is the grouping of these species rather than the 

species themselves that is novel. Considered individually, each member of this fauna 

is found elsewhere or has close allies, especially in the early Mississippian. Ortlw­
thetes inequ-alis, Spirtfer centronatus, Spiriferina solidirostris, S~miT1.ula humilis, and 

' Streblopteria 1nedia are found in the Waverly faunas. The nearest allies of Spirifer 
sp. b occur the one at the very base of the Kinderhook, the other at the base of the 
Burlingto~ in the Mississippi Valley. Orancena sttbetliptica var. hardingensis is 
allied to upper Devonian and Waverly forms. Eumetria woosteri might be either 

lower or upper :Mississippian. Straparollus cf. spergenensis and Seminula subqttad­
rcttct? are Genevieve species, but have allied forms in the early Mississippian. On 

the whole, I should estimate the horizon of this fauna as in the Eo- or Meso-Missis­

sippian, not far, in fact, from that of the other group. The geologic evidence tends 

unmistakably to the same conclusion. The identity of the Leadville limestone of 

Leadville with beds at Aspen and in the Crested Butte quadrangle has been rather 

generally asserted by geologists than doubted by anyone, yet the fauna of the 

typical L eadville limestone is distinctly unlike that of the Crested Butte quad­

rangle. Its fauna allies it closely with that of the Millsap limestone. The faunas 

of the Millsap limestone along the Front Range are correlated with that of the Lead­

ville limestone at Leadville by paleontologic evidence. The latter is correlated with 

those of the L eadville limestone at Aspen and in the Crested Butte quadrangle by 

stratigraphic evidence, and these again with the Ouray limestone of Colorado by 

paleontologic evidence. The two groups of ::Mississippian faunas of Colorado, both 

by stratigraphy and paleontology, are placed at about the same horizon. Their 

difference in facies is partly due to the incompleteness of our collections, but partly 

to the selection of local environment, which was possibly somehow connected with 

cherty segregation. Most authors have considered central Colorado to have been the 

site of a number of large islands occupying the position of the present Archean 

mountain masses. One asks the question whether the peculiarities of the faunas at 

L eadYille and the Front Range are connected with these conditions. This is possibly 

the case. But it should be borne j n mind that this fauna is a marine one, so that its 

habitat could hardly have been a landlocked basin. Besides which, all the species 

found occur elsewhere them.selves or have closely allied forms. The physical con­

dition eould ·not have been in the natureof a barrier, for the faunas of the Elk and 

San Juan Mountains are found to the north, south, and east of this area. So far as 
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I can see, the peculiarities of the Leadville and Front Range facies indicate merely 
contemporaneous variation in local marine conditions, or slight difference in geologic 

age. They have absolutely no necessary bearing upon the question of land and 

water areas in Colorado during their deposition, but from the persistent lithologic 

character of, this horizon as a nearly pure limestone we may infe! that land areas. of 
any size could not ha~e been near at hand. 

TABLE IX.-Summary table for comparing the distribution of MiSsissippian species in the San Juan, Salida, 
Crested Butte, Aspen, Leadville, Perry Park, Pikes Peak, Canyon, and Larimer County areas. 

San Salida Crested Aspen. L~ad- Perry 
1

· Pikes. Can- ~· Larimer 
Juah. · Butte. VIlle. Park. Peak. yon. County. 

------------------1--- - - - ------ ------~-- - ------

CCELENTERATA. 

Zaphrentis tantilla .. .... . ............ ....•..... 2 ...... .. 5 ................................................. . . 
. Zaphrentis ? sp. a ............. ,. ............... .. , 2 ....... . 2 2 . ............... ···--··' ................ .. 

Zaphrentis?sp. b ...... .... .... .. .. ... ........ ~ ... ...... ................ ··------ 1 .......... : ...................... . 
Zaphrentis? sp. c ..... _ ............ __ ............... __ . _ ....... .... · .......•............... : ............. . _. ..... 1 
Menopbyllum ulricbanum .. .. . . . . . . .. . . . .. .. .. 5 .... .. .. ..... _ .......... _ ....... _ ................ _ ................ . 
Syringopora aculeata ......................................... .. 1 ~ .... : ......... ... . .'. :· .......... ······· ---
Syringopora surcularia .. ..... .......... · .· .. . . . . . 1 ....... . 

• ECHINODERMATA. 

Rhodocrinus sp ... _ .. ___ ...... . ............... .. 
Platycrinus sp . _ ... ___ . ___ . . _ .................. . 2 ................................................................ .. 

BRYOZOA. 

'Fen estella serratula? .........................•. 2 ..... ........ .... ............................................. ... . 

Femistella cf. filistriata ....... __ ............... . 1 . -
Fenestella sp .... _ .... . ... , _ . _ .. _ ........ ...... .. 2 ·· ·•·• •· ..•..•.. ••· • ·•·· ••••••••.•.••.•. ·• •·•·· · .............. ... . 
Batostomella sp .. _ .... ................... · ....... . 
Fistulipora? sp ..... . ........ : .........•.. _ ..... _ 

BRACHIOPODA. 

Rhipidomella pulchella ___ .................... . 1 ······- - ---.-- -- -······· .: ... -·· ----···· ···-- --··-
Orthothetes inffiqualis .... _ .... ·.· .. .. , ......... . 4 1 . . . .. . . . (?) 1 .. . . . . .. (?) (?) . 

Chonetes illinoisensis. __ .. . ... .. _ ..... _ ........ . 2 ·····--- ............ ...... .... ...................... ...... .... .. .. 
Productella concentrica _ ................... _ .. _ 1 
Productus semireticulatus var _ ........... _ .... . 4 1 .................................................. · 
Productus parviformis _......................... _ .. ___ . __ .. ___ . _ .. _ .. _ .. __ _ .. .. __ .. _ .... _ . ... . _. _ ....... _ .. __ . . _ .. 
Productus cf. pustulosus. _ .. _ ..... __ ..... . . . _. __ ........ __ . _. _. ___ . __ . _ _ 1 ....... __ .. __ .... _. __ .. _· _____ . _. _. __ _ . __ . _ 

Productus lffivicostus .. _ .......... _ ............ . 2 · ··----- ........................ ·-----·- ............ .. .......... .. 
Spirifer centronatus.... . ...... .. .. ...... .. ... . . 4 ....... _ 6 .... .. .. .. . .. . .. 1 4 2 1 
Spirifer centronatus var . ....... _ . ....... _ ............. _ .... __ . _ 1 . __ ... _ .. __ ... __ .. _. _. ___ ... , •.. ___ ..... __ __ ...... . 
Spirifer peculiaris? . . . .. ___ . . . . . . . . . . . . . . . . . . . . . 2 .... __ . _ 1 . .... .' .. _ ....... _ .... : .. _ .... _ ........ , ....... _ .. _ 
Spirifer sp a .... . .. _ ....................... .' .... : .-..... ........... _ ....... _. . .. . 1 ........................ ......... .. 
Spirifer sp b .. . · ... _ ... _ .... _ . ..... ... _- ...... .... .... .. ... ....... . _ ·: __ ........ _. _ . 5 1 _ . . . . . . . . . . . . . . . 1 

Syringothyris carteri ·---·--· · ·----· · -· · ·· ·····- ........ ........ 1 ............. · .................................... . 
Spiriferina solidirostris? ........ __ ..... , _ ..... . _ 4 ___ .. __ . ___ .. _ ... _ .. . _ .. _ . . . . . . . 1 .. _ ...... . 

Seminula claytoni ....... o ............................ • .................................. ~ •• : ... . ... ..................... .. 

Selllinula subquadrata? ... . ....................... .' .............. _..... .. . . . . . . 3 (?) ........................ .. 
Seminula humilis ? . ... ... . ........................................ _ ....... , .......................... ~... .. .. .. .. 1 
Seminulasp ............ ,.... .... ...... .. . ....... 1 ..... . .............................. · ............ .... ..... ......... . 
Cranffina subelliptica .var. bardingensis ................. · .... .... _ .................... .. 2 2 ...... ... . 
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TABLE lX.-Summary tablejo·r comparing the dist·ribution of Missi~sippian species in the San Juan, Salida, 

Crested Butte, Aspen, Leadville, Perry Park, Pike.q Peak, Canyon, a;nd Larimer County areas-Cont.' d. 

----------·-----

__ · ____ . _______ -- -___ ji.J~~~J~'"'d~/C:.~~~IA'""n ~m~: I ;:~;;:_ 1 ;~~ ~ !~~~ Lc~~r 
l' ELECYPODA , I I . I 

~~i~;;,~~~~~·•• •:::: ••••••·•• :• :·· •·•• ~• ' • ••• ••; • •:: •·• ••: :•·:: •I::••· :• • ·· • :· :• • •••• •:•! • • • ••~· 1 • •·• ••~• · :::: ••• :• 
I I I I I i I, . 

GASTEROPODA. 

~~f~f:ti~tit~~- ••• • ••• • ••• •• • ••• •• ••••• r· ... -. :. • ••••••• · ·• ···:•

1

• • (? ), • • :· • •• • . ~ . ··•· • ••I• ••••• •• ~ . •·• ••• •• ~ •••••••• •• 
~}f,~t~@r;Jili\]_: • • •::• •: •••• •••• l •••-••1•1••: • •: • I •• •• :• : ••: : :~ ~ ·· • • ·• '• • • • • •: ~• , ••:•: •:: ~ • •·• • • •~ ~ • • • • • • • • ·~ 
~:~;~E.;oodd'~- ••• -.---·- -•- •• -• .••• 1 : -••• --_:r ··--· •• [ :• ____ j~ ••~ ·~ ~ ··~-··· 

PENNSYLVANIAN. ' 

Very far the larger portion of our collections from Colorado belong to the Upper 

Carboniferous. They come mainly from three distinct and separate areas-from the 

San Juan area, from the Crested Butte quadrangle and its vicinity, and from Lead­

ville and its adjoining district-but we have a few fossils from all the Upper Carbon­

iferous areas of Colorado except the Front and Sangre de Cristo ra:pges. 

UINTA MOUNTAIN REGION. 

About the paleontology of the Uinta ·Mountains in Colorado very little can be 

Baid. The large faunas cited in Powell's Geology of the Uinta Mountains a came from 

beyond the borders of the State~ in Utah, though the same horizons, characterized 

by the same faunas, doubtless extend to the eastern end of the range. The faunas 

identified by 'Vhite, however, are different from any of the formational faunas known 

in Colorado. We have collections from but three stations in the Uinta ~1ountain 

area in Colorado~ and the faunas in each case are so scanty as to be without weight in 

the matter of correlation. The species collected are as follows: 

Euphemus s1tbpap1:llosus is from near the South Fork of the Vermilion and near 

the east base of Diamond Peak, Colorado (station &189). These fossils were not found 

a C. S. Geol. Geog. Surv. Terr., Powell's Rept. Geology Uinta Mountains, 1876. 
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in place, and occur in the form of internal casts. Their probable horizon is , the 

Bellerophon limestone, at the. top of the Upper Aubrey group. The identification 
is · by C. A. \Vhite, who refers to the specimens on page 92 of Powell's Uinta 

Mountains volume. 

Loplwphyllum profundum and Rhombopora lepidodendroides are from station 
2191, overlooking Yampa River. The locality of this collection is not very definite, 
and the horizon is unknown, but without much doubt is lower than the Bellerophon 
limestone, almost certainly somewhere in King's Upper Coal Measure series; I can 

no.t find that these fossils have ever been referred to in literature. 

Prismopora trianqulata and Spiriferina kentuckyensis are from Yampa Plat~au, 
northwestern Colorado (station 2330). The identification of Prismopora trianqulata 
is that of C. A. White, who figured this specimen in 1880. a I can not find that this 

occurrence has been elsewhere mentioned. His figures, somewhat enlarged, are 
reproduced on Pl. I of the present volume. He states that the· horizon is the 
middle division of the Carboniferous series, which he correlates with the Lower 

Aubrey group. Unless I am mistaken in supposing the Uinta sandstone to repre­

sent the Maroon formation , this horizon is not that called Middle.Carboniferous by 

the other Hayden geologists, but is considerably higher. These fossils are inadequate 
not only to indicate more than the Upper Carboniferous age of the rocks furnish ... 

ing them, but also to supply a means of correlation with other sections in Colorado. 

GRAND RIVER REGION . 

vVe have Carboniferous collections from a number of points in the Grand River 
region of Colorado, but they are in most cases quite scanty. The most complete 

collections are those made at Glenwood Springs, but, unfortunately, few of these 
can be satisfactorily located in the standard geologic s~ction. It is probable that 
they came from the . Weber limestone or its equivalent. Our collectiOns are 7 in 
number, and contain a fauna of 25 species. The distribution of this fauna by 

Localities can be seen in the accompanying table: 

aU. S. Qeol. Geog. Surv. Terr., Cont . to Pal. (au thor 's edition ), 1880, p. 131, pl. 33, figs. 3a-3e . . 
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TABLE X. a-Table showing distribution of Pennsylvanian species in the vicinity of Glenwood Springs. 

C<ELENTERAT A. 

Lophophyllum profundum .... ................................................................ : . . . . . . . . . . . (?) (?) 

HELMINTHA. 

Spirorbis sp ............................................ . ..... -..... . 

BRYOZOA. 

X ···· ···· j········ ........ ........ ········ 
I 

Rhombopora lepidodendroides......... . ............... . .......... . .. .. .. . . . . . . . . . . . . . . .. . .. .. . . . . . .. . . .. . x 

BRACHIOPODA. I 

r~~~~~~:b~L .. ::::::•::::·••••••••::••••••••••••••::••'•••·••• ... : ... ••:••••• •••·•••· ·••·•••• :::~:·: Derbya crassa ... . ....... .... .............. .. .... .. ..................... ·... . x ....................... . ........ . 
Chonetes fl.emingi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x X X 

Chonetes geinitzianus ......... .... ·.... . .. .. ....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Productus inflatus ................... .. ~........................... . . . . . . . . x ......... . .... . ...... .... ...... . 
l\iarginifera ingrata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x .. . ....... .. ......... ... , ....... . 

E~g~~g~~:~~n'i~· ::····· ·:::::·::: :::::: :::·:::::: ::: •••:1• ••: ••• ·· .·~··· . ··~··: :• · ~···· . ··~·· •• ·· ~ ••• 
· h · b. 1 · I Clewt ym: or 1cu ans ... ~~~~~-~~~~~~: ........................... 

1

.. ...... x .. . ............................ . 

Aclisina ~tevensiana? .................. ~. ....... . ..... . . .... .. ..... x .. ............. . ........ . .............. . 
Loxonema parvum? ....... -: . ................... .. ......... .. . . .... 1 x .................. . .... . ............... . 

~~::::::,~;.~::::~~. :·: .•• : : .: . ·: I : . :: : ... :..... .• , ••: • 
;:::!;:::.~::~-8~- ::::::::::::::::::::::::::::::::::::::::::: ::: :::: I ~ 

I 

CRUSTACEA. I 

Beyrichia sp .............................................. · .. ...... ·I X 

2 

1 

2 

1 

Stations 2326, 2329, and 2329a can safely be referred to the vVeber formation/' 

since they occur from 100 to 200 feet ab~ve the Leadville limestone. Unluckily, 

these are the most restricted in the number of species of the entire collection, but 

they show the Pennsylvanian age of this horizon, and, as far as they go, agree with 

the fauna of the vVeber formation found elsewhere. The faunas of 2193a and 2329b 

also agree fairly well with the Weber fauna, and perhaps represent that horizon. 
The collection from 2193a is of interest in that it supplied the specimens of Ortlwti­
chia schuchertensis, the first instance of the occurrence of Ortlwtichia in North 

America, unless Orthis resupinoides Cox is incorrectly referred to Schizophoria. 
The fauna from 2193 is also an interesting one. It c~nsists chiefly of very small 

gasteropods not found in the other collections at this locality, or indeed elsewhere in 

a For a description of the localities indicated by number in this table, see locality register, pp. 519-532. 

bAs the Weber is defined in the Crested Butte folio; this is the Weber shale or base of the Weber formation of the Ten­

mile and Leadville districts. 
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Colorado. However, possibly the same species occur in the unidentifiable forms 

preserved as internal casts in chert, which I have cited simply as minute gastropods 

_ in the lists from the Lead ville, San Juan, and Crested Butte areas. These shells are 

all of extremely small dimensions, a circumstance which, taken with their not very 

perfect preservation, has made their spe~itic identification difficult and uncertain. 

Into this geographic' division also probably fall four collections made near ~he 

junction of the Grand ·and Eagle rivers. Station 2190 is on Grand River; 1 mile 

below Eagle River. Here was obtained only Oonularia crustula .f!. I can find no 

reference to this collection in published reports, and its horizon is not known. 

Probably this material was collected by :Nlarvine; whose report upon the Grand 

River region, owing to his death, was never published. 

From statio'u 2192 we have only Pleu1·oplw,rus angulattts ?. This locality, which 

could not have been far from station 2190, is described on pages 242 and 243 of the 
Hayden annual report for 1873,a and the fossils ,were collected from bed No. 12 of 

the section. The horizon seems _to be near the top of theW eber shales,_ or just at the 

base of the Maroon formation. The other fossils mentioned besides the Pleuroplwrus 
have not come to hand. 

Of station 2325 all that is known is that it is located on Grand River in north­

western Colorado. The description of station 2324 is still less exact, the label read­

ing ''Ranch west of Camp 59." The latter collection appears to have been made .by 

Marvine, and the fossils probably were uot included in any published report. 

From station 2324 we have Chonetes nwsolobtts, Chonetes fleming ·£, Marginifera 
lwydenensis, J.1£arginifera muricatct, 8p£rifeq· cameratus, and Seminula subtilita. 
From station 2325 appears only Marginifera hayd(mensis. The latter species is riot 

found elsewhere in Colorado, save only at statio~ -2324, and the preservation is so 

exactly alike in-the two lots as to arouse the suspicion that they are really parts of 

the same original collection. In point of preservation these fossils, which are 

weathered free and more or less covered with a reddish coating, are different from 

any of our Colorado material, and I suspect that the labels may be wrong, and that 

they may not have come from Colorado at alL 

Really the scanty collections from stations 2288 and 2289, together with the few 

collections made in connection . with the stratigraphic work of the Leadville mono­

graph and the Tenmile folio~ should be con~idered here; but I find it more advanta­

geous .to include them in the discussion of the Leadville fossils. From station 

2288 we have only Spirifer rockymontanus, . and from station 2289 only Spirifer 
rockymontantts and Spirifm~ boonensis ?; With this scanty and unsatisfacto·ry 

collection the paleontologic evidence from the Grand River region concludes. 

aU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874. 
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ELK MOUNTAIN REG ION. 

The Crested Butte quadrangle is that ~hose northwestern corner is made by the 

intersection of the one hundred and seventh meridian and the thirty-ninth parallel. 

It jt:; a 15-minute quadrangle . . The areal geology, which forms part of the subject­

matter of the Anthracite-Crested Butte folio, a was surveyed by G. H. Eldridge, by 

whom most of the collections studied were made. Two Upper Carboniferous forma­

tions are recognized in the Anthracite-Crested Butte folio. The lower one is called 

the \Veber formation and the other the Maroon conglomerate. The Weber forma­

tion consists of shales and thin limestones, and varies in thickness from 100 . to 550 

feet. The Maroon conglomerate measures 4,500 feet,and is subdivided into two 

portions. The lower division, which is 2,000 feet thick, is derived from the waste 
of older sedimentary deposits; the upper, which contains 2,500 feet, is largely 

derived from the waste of granites. Both series contain thin limestone beds. 

Thirty-three collections in all were obtained from the Upper Carboniferous beds 

of the Elk Mountain region, and thirty of these were made in connection with the 

areal work of the Anthracite-Crested .. Butte folio. These are. from stations 2290-

2300, 2302-2308, 2310-2321. The following stations occur in the Weber limestone: 

2307, 2308, 2312-2316, and 2320. The remaind~r occur in the lower portion of the 

Maroon conglomerate, though the position of 2302 and 2303 is not quite certain. No 
fauna is at present known from the upper Maroon. The fossils from 2306, however, 

can not properly be included with the Maroon fauna, since they were derived from 

pebbles in one of the Maroon conglomerates where their presence is only secondary. 

In the accompanying table the local faunas are set down, and in the two final columns 

the composite faunas of the Vl eber formation and of the lower portion of the Maroon 

conglomerate. 

aU. S. Geol. Surv., Geol. Atlas U.S., folio9,1894. 
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TABLE XI. a- Table showing the distribution of Pennsylvanian species in the Crested Butte dist·rict, and their 

range, so jar as known, in the Weber limestone and lower portion of the Maroon formation. 

. . . ' . 2244 ~512280 12290 2291 2292
1

12293 2294-2296 22S7 2298 2299 230012302 ""''""" 230512306 

PROTOZOA. I I 

Fusulina cylindrica ..... . ....... .. ..... -!. .. . ---- \----1 x ........ 1 x ........................................ x .. .. 

CCELENTERATA. I 
Lophophyllum profundum . . .. . .. .. . . . .. .. . . . .. . .. .. . . .. . . . . . .. . .. .. . . .. .. .. . .. . .. .. . . .. (?) .. .. X ............... . 
Campophyllum torquium . ..... .................. ........ x ....... , ...... .. , ....... x ...................... ....... .. 
Cbretetes milleporaceus ........... : .. :. .. .. .. .. .. .. .. x ................... : ................................ ·.... X 

Cladopora sp ................. .. ...................................................................... :. .. .. .. X .. .. 

Mon ilipora prosseri ..... . ............................. I x ............................. : .. .. .. .. .. .. .. x .......... .. 

Prismopora serr::a~~~~-~~................ .. .. x ......................................................... : .. ... J ... 
BRACHIOPODA. . I 

~~:::~e:r:::~~~-i·::::::::::::::::::::::: :::: :::: - ~ - :::: :::: :::: ~ -_-_:_:_: :_:_:_:_ :_: __ ::_ -_·:_:_:_ :_: __ ::_ :_:_:_:_ :_:_._·:_: __ ::_:_-~X--_::_:_:_:_:_:_:_ .• :_:_:_:_ 
Chonetes mesolobus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Productus semireticulatus var. hermo-

sanus .. .. . .. . .. .. .. .. .. .. . .. .. .. .. . .. .. .. .. X .. .. .. .. X .. .. X .. .. .. .. .. .. .. .. .. .. .. .. X X .. .. X ........ 

:~:~:~~~::::~~~i-~~:1_s_i~ ::::::: : :::::::::: ::: : - ~ - :::: :::: :::: :::: ~::: :::: :::: :::: :::: :::: :::: - ~~ -~ - ::J:::: :::: -~-
Marginifera muricata................... . x x x .. .. .. .. x .. .. .. .. .. .. .. .. x ............................... . 
Marginifera wabashensis var .... .............................................................. :. x x .. .. .. .. x 

~~}I¥~t;;~,;:: :: ; :X j ; ;:: :::} :: :X :; X ::j : ~ ::: 1:1;: 
Pt:s-nax utah ... .. .. .. ................ . .... -. ---· I X ---- -- .... -- .. -- ---- .. -- ---- · .. · .... ' .... .. .. .. .. .. .. .. .. X ~ -- .. 

Dielasma bov~::;~~;~~~---------------· .... x x I' :--· ........................................................ 
1 

... . 

Aviculopecten? interlineatus ................................... x ............................................... . 

Dentalium '"~:~::APO~A . . .. j . .J ..................... · ... · ......... ....... ,. X ........ . . 
GASTEROPODA. ' . I 

::::~~:JI~~;EA:::::::: :::: ::: ::::l:.:: l· ·:·l : :: • x ~ •••• : ~ : (?) :x:t,::•: ::: ( : .: ::: :.: 
I I ; ·1 I i 

a For a description of the localities indicated by number in this table see locality register, pp. 519-532 .. 
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T ABLE XI.-Table showing the distribution of Pennsylvanian species in the Crested Butte district, and their 

range, so jar as known, in the Weber limestone and lowP-r portion of the Maroon jo1·mation-Continued. 

2307 123081 2310 ~2311 1
1

2312 2313 23H2315,

1

23161

1

,1, 23181 2319 2320.' 2321 1 ~:r ~~[~;~ 
PROTOZOA. - -~-~-----~--~--~--~--~-. ----:----

Fusulinacyandrica ..... _________ _______ ---- x .... 

1 

........ ---- j··-- .... 1 .... 
1 

....... .. 

1 

.......... X 1 1 4 

Fusulinacyli::~~:::::::~tricosa? ____ -··· .--·- -··- .... x .... 

1 

............ · .... ----- : ----- -- -·- ..... ! 1 ........ . 

Lophophyllnm pmfundum ................. r ......................... -1- ....... . .... ; X . . ... , .... r .. .... . 
~~~I~;:~~>>:: / :: /( / 1::::/ ·· ·····>:X> \J/1::':>1 ) · 

2 

Monilipo'":::::~~~;.~~; . !... .... ·I ····.... ! r I· r I ··· I I 

Archreocidariscratis _____________________ x ~ - --- --:· ···-1---- .... ____ ·---i--·- ... .1 . ......... -·-· 11 ........ . 
Eocidaris halliana? ........... . .... _____ .... _ ...... , ..... ~ ............... _ .. __ ... _ .. __ -1-_ . _ _ x 1 .... _ ... . 

I 

:~~~~:;;:e~::LM,.TH~::: : :::: :: :: ~ - - ~ - :::: - ~ - :::: :: : :: i I I ; 1- .. ' 

Stenoporatuber::~~:~~:··-·-···-······· ---- ~ -- - - 1 
•••••••• , X • --- ..•. .... 

1

. ~ - J 
1 

-I 1 ·· · ···•·· 

BRACHIOPODA. I I 1 I 

~~~::::'~=~fo~"' : :. ·: ~I : : •.• :::: - ~ ·::· · ~ ·: :. _:·· :·: j X 1: I. J 
Pr8:~::t~-s- :s-~~i-r~-t~~~-1~-t-~~ -~~~: -~~~~~~. / ... _) _ . . _! _ ....... , ................ 1 ............ _ .... _ :~ - II _ _ 

1 

5 

~:~~~~~~:~~::~~:::::::::::::::::::::::: ! :: :: :::::::::::::::: : ::::,:::: :::: '1 · ~ - ::::::::::1:::::1:::::1 ~ ' -------·~ 
Marginifera lasallensis? ........... _______ ! ........ ···- ........ ·· ·· .... · · · - (?) ......... ····- ~ ----- ..... 1 1 !. -------·· 
Marginifera muricata ................... ! ........................... J ... x .... x ..... _____ ..... 1 1 5 

~~~~§;;:'va'····;······· ::;.l:x ~ ···· ··;· · ~ : ~ ···· :··· · · ~· : ~ · · ···· ::x•• ·:··· , ····· ~ ··;·· 1 ·-·· '· ·i: : ::::··:·: 
Spmfenna kentunkyen'"- ...................... , ... . ....... t .............. r. r ... ........ --1- .... . . . . . . . . . 1 

F,~j~~[E:~: :::: · •• • :: r •r•··• •r •••• I 1 • X . ,•rJ :· : 
1

l 
PELECYPODA. I ! : I ·I 

~~:~i::::~~~:::~:~~:~~~;-: • • ' I _ t •••• •--· : ~ I (?) ···-- . J : • :: ::; 
SCAPHAPODA. ' I t I 

Dentaliumsubl::eve ...... ________________ l ____ .... ____ ............ ---- .... ---- .... -----1--·-- --·-·1-----1-- ---·---
1 : ! I i 

GAS:E~OPODA. . I I ! 

!~~:::~:~::;~::~'> : • r-· •. -- .-.- -..• --.-- -_- •••.• ·:· •.• -. : 1: r-•••• , 
Phillipsia trin:~::::~'A:. . -- ! ---- ---- ---- --- --- -- ---- · 

1 
• • • · · • · • • 

1 
-1-· · : · · · · I rl 

('?) 

1 

2 
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The fauna of the Weber formation, with its Fusulinas and other species, 1s 

clearly of Upper Carboniferout; age. Without a sharp break between the upper and 

lower faunas there is .ret a certain distinct lack of ag~eement. TheW eber formation 

h-as a total of 21 species and the Maroon a total of 28 species, yet they have only 8 

species in common. The same facts can -be expressed in a different and ~omewh:it 

less relative manner. The two formations have a combined fauna of 41 di"fferent 

species. _ Of these, 8 are common, and 33 peculiar to one formation or the other. 

The fraction -;lT, or the percentage 19.51, may be taken a::-5 expressing- in a general , 

way the degree of affinity <?f the two faunas. Tttis, however, fails in accuracy, for in 

the case of species common to both formations no account is taken of instances of 8 
and 5 occurrences in one, balanced by only lin the other. Such faunal peculiarities as 

exist are brought out so clearly by the table that it seems hardly necessary to indicate 

them here. It may be remarked, however, that the echinoids are not pl'esent in 

the Maroon conglomerate, nor any of the Mollusca, save only 1 species, in the vY eber 

limestone, and that Product-us injlatus, :Margin if era lasallensis?, _i_lf. in grata, Spir~fer 
rockyrnontanus, and Sp1;rij'en;na campestris are nearly or quite peculiar to the Weber, 

and Chonetes mesolobus, Productus sem/ireticulatus var. hermosanus, P. cora, Mar-
. ginifera muricata, Spirifer carneratus, Squamuiaria perplexa, Spiriferina kentucky­

ensi8, Seminula subtilita, H -ustedia nwnnoni, and Pugnax tdah to the Maroon. 
In working over these collections my attention was attracted to the circumstance 

that the large Producti and the smaller species, chiefly belonging to the genus 

.J.1fctrginifera, seldom appeared in the same local assemblage. In som~ instances, 

~ow ever, the .Marginiferae and the large Froducti do so occur, and in_ the case of 

stations 2312 and 2313 the two types were fot;tnd stratigraphically ~ithin 10 feet of 

each other. The selective agency, therefore, whether stratigraphic or environmental, 

was not unvarying in its action. 

Mention is made in the Anthracite-Crested Butte folio of the occurrence of 

Up~er Carbonife-rous fossils in pebbles of the Maroon conglomerates. The collec­

tion from station 2306 seems to be an instance -of this. The fauna consists. of 

Ohmtetes 1nilleporaceus, Productus cora, MarginJfera wabashensis var., Squamularia 
perplexa, Seminula suhtil,ita, and Hustedia m.ormon·i, and it is surprising to note that 

its affinities are distinctly with the other indigenous faunas of the Maroon, and not 

with those of the vYeber formation or of the Leadville limestone. 

Collections from three stations not inade in connection· with the areal work -of 

the Crested Butte quadrangle are included in the table. These are stations 2244, 

2245, and 2280. The collection from station 2244, which is on Rock Creek, was 

made by J. J. Stevenson, arid probably is from the horizon of bed No. 1 in ,his Rock 

Creek section. a A considerable fauna is cited by Stevenson as occurring in this bed, 

aU. S. Geog. Geol. Surv. W. lOOth Mer., Rept., Vol. III, p. 362. 
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only two species of which, however, remain. The stratigraphic honzon appears to 

be in the Maroon conglomerate, and the fauna mentioned by Stevenson agrees rather 

with that of the lower member of the l\'laroon than with the Weber. But, as I have 

already pointed out in the stratigraphic division of my report, the occurrence' in the 

middle of Stevenson's section of duplicated Cretaceous beds inspires a doubt as· to the 

mutual relations of the rest of the section. 

The material from station 2243 appears to have been collected by \V. H. Holmes, 

but there is evidently a mistake in the locality given in the National Museum Regis­

ter, and I can find no published section with which it i~ connected. The locality, 

though uncertain, is with great probability in the Elk l\'Iountains. The evidence 

of the fauna would tend to place the horizon of this collection in the Maroon 

conglomerate. 

Statioll'2280 is in the· section made by Peale at a point southeast of Italian Peak, 

described on page 251 of the [Seventh] Annual Report of the United States Geologi­

cal and Ge.ographical Survey of Territories for 1873, 1874. The collection, which . 

includes six species, comes from bed No. 11 of the section, and Peale cites the same 

forms under different but synonymous names. The stratigraphic horizon is clearly 

in the Maroon series, and the fauna also agrees with that of the lower Maroon. · In 

the final columns of the table, which show the composite faunas of the \Veber and 

Maroon formations, stations 224:4 and 2280 but not 2245 are included. 

SOUTH PARK AREA. 

Just as in the Elk Mountain region practically all the collections studied came 

from a limited area, that of the Crested Butte quadrangle, s~ in the South Park 

region all the fossils examined were obtained in its northern portion, the Leadville 

district. 

The localities represented in the accompanying table are 31 in number, and are 

chiefly in the Tenmile . and Leadville districts. The Tenmile district lies between 

meridians 106<:) 8' and 106° 16' 8" \\T., and parallels 39° 22' 57" and 39c 30' 25" N. 

It does not strictly form a part of the South Park region. The ana of the Leadville 

district is somewhat less precise, but includes the mineral-bearing tract near Lead­

ville, in the northern part of the Mosquito Range. · 

The geology of the Tenmile district is described in the Tenmile folio a and that 

of the Leadville district in the Leadville monograph.b The areas of the Tenmile and 

Leadville distrids are geographically almost continuous~ The same rocks occur in 

both, and the geology of both was described by S. F. Emmons. It has therefore 

seemed to me best to consider the faunas of both areas in the same place. 

aU. S. Geol. Surv., Geol. Atlas U. S., folio 48, 1898. 
bU. S. Geol. Sui:v., Mon., vol. 12, 1886. 
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The same formations occur in both areas, as I have already said, but the nomen­

clature adopted in the Tenmile folio differs from that of the Leadville monograph, 

. . which preceded it by twelve years. The Upper Carboniferous formations of the 
Leadville monog~·aph are called the~ Weber shales, the Weber grits, and the Upper 

Coal Measures. In the Tenmile folio these are called the Weber shales, the Weber 
grits, and the Maroon formation. In fact, the Weber shales and Weber grits are 
united as the Weber formation. Above the Weber grits a third formation is dis­

criminated as the Wyoming formation, whose age may be Carboniferous, but is not 
definitely known. In addition to this, two of the limestones included in the sand­

stones and conglomerates ()f the Weber and Maroon formations proved of sufficient 
local importance to receive distinct names. The Robinson limestone below and the 
Jacque Mountain. limestone above are assigned as the bounding beds of the Maroon 

formation. · It will be noticed that the geologic sequence here is similar to that in 

the Crested- Butte quadrangle, but though the same names have beel) employed in 
some cases, and apparently the same formations differentiated, the names are used 

in a somewhat different sense, a course which is to be deprecated as very confusing. 
For the lowest Pennsylvanian horizon in the Leadville and Tenmile districts 

the name Weber shale has been adopted, as I have already said. The formation in 
this area has a thickness of about 300 feet, and consists of calcareous and argillaceous 

shales alternating with quartzitic sandstone. The Weber grits have an average 
thickness of 2,500 feet, and consist of sandstones and conglomerates, with a few thin 
shales and dolomitic limestones. The source of this material is said to be the 

Archean. The Maroon formation is similar to the Weber grits in constitution, but 
contains a larger proportion of shales and limestones. The latter are nonmagnesian~ 

· Its limits are taken as the Robinson limestone b~low and the Jacque Mountain lime­

stone above, and its thickness 1,500 feet. . The VVyoming formation consists of 
brick-red sandstones 1,500 feet in thi~kness. No fossiJs are known from it. 

Twenty --eight collections were obtained in the Leadville and Tenmlle districts,in 

connection with the work for the .Tenmile folio and Leadville monograph. These 
are stations 2250-2277, inclusive, of which 2260, 2261, 2272, 2.273, 2274, 2275, and 

2276 are from the Tenmile district, the rest from the Leadville district. Stratigraph­
ically these have been distinguished as lower, middle, and upper Weber, Robinson 
limestone, and Maroon formation. 'The lower Weber corresponds to · the Weber 
shale of the two reports above mentioned, the middle and upper Weber to the 

Weber grits formation. The Robinson limestone forms the division between the 
vVeber grits and the Maroon formation: The Maroon is, in a general way, the same 

·as the Upper Coal Measures of the Leadville .monograph and the upper division of 
the ~Iaroon of the Crested Butte folio, the lower division of the Maroon findil}g . 
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its equiya}ent in the "\V eber grits of the Leadville and Tenmile districts. To the 

Weber shales belong collections from stations 2250, 2251, 2252, 2253, 2257 ?, 2258, 

2264, 2267, and 2277;· to the middle \Veber those from stations 2262, 2263; to the 

upper "\Veber stations 2269, 2272, 2275, and 2276; to the Robinson limestone stations 

2260, 2261, 2273, and 2274; and to the base of the Maroon formation station 2270, 

Stations 2254, 2255?, 2259?, 2265, 2266, and 2268 are re[erred merely to the "\Yeber, 

and the horizon of 2256 and 2271 was not definitely determined. Of these, all the 

collections from the· Robinson limestone and all but one from the, upper Weber are 

derived from the Tenmile district. from which we hav:e no collections representing 
either the lower or the middle \Veber. 

:Nlost of this material was studied by R. P. Whitfield, who made the paleonto­

logical determinations for the Leadville monograph. It has all been reworked and 

the identifications brought into harmony with those of ·the other Colorado collections. 

I have agree~ with the identifications recorded in the Leadville monograph in some 

eases, but in others have ventured to-depart from them. It would hardly be profit­

able, especially since I am in accord with "'Thitfield's determinations of the ages of 

the different formations, to make a comparison of the two series of faunal list:-:: fur­

ther than this, adding that some of the material appears to have been lost since it 

was originally studied. ln addition to what appear to be losses from the collection, 

many of the local lots have been thrown together, so that frequently a number of 

different locality labels were found accompanying a single set of specimens. It was 

of course impossible to separate these into their original groups, and no attempt was 

made to do so. In the follmving table are included not only the species collected 

during· the field work for the Leadville monograph and Tenmile folio, but also those 

from two-·other stations in the same neighborhood, 2281 and 2288, both of which are _ 
beliPved to belong in theW eber shale: 

14364-No. 16-03--16 
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TABLE XII. a_:_ Table. showing distribution of Pennsylvanian species in the Leadville and · Tenmile d·istricts, and 

theh· range in the lower, middle, and upper Weber formation, Robinson limestone, and Maroon .formation. 

X •.•.•.•...•..••• 

(?) X X 

~§~§;;:.:~icnlatuav~< he<~ I <J ~ · ~ · - ~ · ...... - ~ ••.• ~I ·:· : ~ : :·: - ~ -~. '~ ; - ~· .. . . 
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Squamularia perplexa . .... .. ... .................. ... ... . ........ , . . . . . . . . . . . x ............................. .... .. . 
Seminula subtilita ·... . ............... . . . . . . . . X . . . . X . . . . . . .. . . . . . . . . X . . . . X X X (?) • . . . • . • . X -- ..... . 

PELECYPODA. ' 

rt~t~ii!:~?l~t~~~ > t::: ::: ~ :::::: · ~ · :::·: ::: :::: >: : 1:::::::: . ~ :: : ;:;:: ::.r ;; 
:::::::::~::ble) t 

1 

: 
1 

: :::: :::::::: ::::. :: :··: ::·:: : ::: : :··: ·:·: x - ~ -
CRUSTACEA. I I . I' 
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. ~~~~;~~;;~::: .: ••• : •••.••••• ::: ~ •••••••• ::.: ~~· •••••••• :. :;: • •• r:x• ..... ~ .:. ···J· ·· ••• :. f .:;:1. ··l •• lx• 

For a description of the localities indicated by number in this table, see locality register, pp. 519-532. 
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TABLE XII.-Table showing distribution of Pennsylvanian species in the Leadville and Tenmile districts, and 

their range in the lower, middle, and upper Weberformation, Robinson. limestone, and Maroon fmmation­

Continued. 
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The preceding table shows the local distribution of species .of the Upper Carbon­

iferous strata of the Leadville region. The last five columns show '.their range in 
. the five stratigraphic divisions which have been recognized. Th~y indicate two 
somewhat different and contrasting, though both Upper Uarboniferous, faunas. 
One of these is exemplified by the fossils of the \Veber shales. To the other those 

. of the upper· divi_sion of the Weber belong. The fauna now known from the Robin­

son limestone is a meager one~ Thus far the evidence does not indicate that the 

Robinson fauna differs essentially from that of the upper W ~ber . . The middle 
division of the \Veber also has furnished a very limited fauna. All of its species · 

are common to the contiguous formations, both above and below, and there is no 
evidence for uniting it with one rather than another, or for retaining it as coordinate 
with either. The upper fauna is especially characterized by the number of its 
pelecypod and gasteropod species, which were obtained, however, in large. part at 
a single locality. 

The difference in facies between the Weber shales and the middle and upper 

Weber is as marked in this case as in the corresponding formations of the Crested 
Butte region. \Vhile only 4 species of the true Mollusca have been found in the 
Weber shales in this area, almost the entire brachiopod representation is centered 

. there, only 7 species being found in the four upper stratigraphic divisions . . Even 
among these the most numerous representation is in the Weber shale, the only 
instance where the range is nearly uniform being· in the species Serninula subtilita. 
However, while the Weber shale has perhaps been sufficiently collected to warrant 

the belief that its main features are known, this is far less true of the uppe"! heds of 
the section. 

Comparing the formational faunas o~ the Leadville area after the same method 
that was employed with those of the Crested Butte region, the following .facts 
appear: In the case of the lowet and upper \V eber, these two formations have a 

joint fauna of 35 species, of which only 5 ate contained in commo·n. The rel~tion of 

these faunas will then be exp~e~sed by the fraetion -lo or by the percentage 14.3. 

If, however, the lower Weber is contrasted with all the series above, the percentage 
is raised to 16.2, for the total fauna is 37 and the common species e. 

The Leadville area is related to the Crested Butte region geologically and 
geographically, and a general faunal agreement can be traced. In both areas ihe 

fauna characteristic of the Rico formation of the Animas region is wanting, as will 

appear later. When the faunas of the different divisions of the Carboniferous in the 
Leadville region are tabulated with those of the Crested Butte region a certain cor­

respondence in the abundance and range of species is disclo8ed. The evidence thus 
obtained indicates that the Weber shale of the Leadville region is the representative 
of the Weber formation of the Crested Butte region, and that the upper member of 
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the vVeber grits formation, car·rying with it probably the Robinson limestone and 

possibly the middle vVeber, corresponds to the J\!Iaroon conglomerate. This corre­

spondence is not $0 clo:::;e as to be striking·, and many departures can easily be pointed 

out; but I feel that we have data very far from full as to the faunas of these formations. 

~\ comparison of the faunas of all the formations from which we have any adequate 

collections can be made by consulting the summary tables at the end of this chapter. 

Station 2281 probably is bed 38 in Peale's section No. 18, which. was made from 
the mouth of the canyon of Fourmile Creek westward to Horseshoe Mountain. a 

This locality is in the Leadville distric.t, and the horizon can safely be put at the 

vVeber shales. The fauna also agrees with this identification. 

Station 2288 appears to be that mentioned by Peale on page 242 of the same 
report. The locality is probably near the Tenmile district. The horizon is rather 

uncertain, but appears to be the Vv" eber shales, from the stratigraphic evidence,. 

while the fauna itself is too limited to a.fford a clue. 

The collection from station 2289 is thllt ·cited on page 369. of the third volume of 

the reports of the Wheeler survey. b The section was made on the forks of Eagle. 

River, a locality which I have been unable to identify exactly, but which appears to 

be not far northwest of the Tenmile district. The horizon is bed 19 of the local sec­

tion, whose relations with the standard one are as difficult to ascertain as the position 

of the locality upon the map. As it occurs in the middle of a great sttndstone series, 

I suppose that it comes about on the horizon of the Robinson limestone, just above 

or just below the division between the Weber grits and the Maroon formation. The 

fauna is. too scanty to afford evidence on this point. 

As our collections contain no fossils from the Front Range and Sangre de 

Cristo regions, I will proceed to give the faunal evidence from the San Juan region, 

SAN J UAN REGION. 

A wholly disproportionate amount of material in our Colorado collections was-. 

obtained from the small area of Carboniferous strata exposed in the Rico Mountains 

and in the valley of the Animas River in the southwestern part of the State. This. 

area is partly covered by the Durango, Rico, Engineer Th'lountain, Needle Mountains,. 

and Silverton quadrangle:::;, and is shown on sheets 4 and 15 of the Hayden a'tlas of 
Colorado. c Most of the material obtained was collected by Whitman Cross, A. C. 

Spencer, and others associated with them. 
The geologic section in the Rieo Mountains has been described by Cross and 

Spencer, ct but generally, it may be said, with reference to the larger area in which 

o U. S. Geol. Geog. Surv. Terr. , [Seventh] Ann. Rept., for 1873, 1874, p. 227. 
l> V . S. Geog. Geol. Surv. W. 100th Mer ., Rept., vol. 3, 1875. 
cU. S. Geol. Geog. Surv. Terr., Geol. Geog. Atlas Colorado, 1877. 
d Geology of t he Rico ::\fountains, Colorado: U.S. Geol. Surv ., Twenty-first Ann. Rept., pt. ~-• pp. 7-165. 
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previous studies bad been made and over which the same formations extend with 

only local variations. - They reco~nized two: formations of Uppe~ Oarboniferous age, 

the Hermosa and the Rico formations; but Cross has recently discriminated athird, 

the Molas formation, which is a thin· stratum of red shale intermediate ·between the 

Hermosa formation and the Ouray limestone. 

The Molas formation is best knowp in the Needle Mountains quadrangle, where 

it has a thickness of only about 75 feet. It is a series of shales, but contains band's 

of diverse texture ·and materi"al, among them being some of impure limestone 

and some sandy. The color is an intense red, often strongly mottled with lighter 

tints; which occasionally are nearly white. It contains _pebbles and small bowlders o£. 

chert, some of them fossiliferous. The fossils are the same species which occur in 

the Mississippian · fauna of the upper part of the Ouray limestone, where the· che:rts 

without ,doubt had their origin. The base of the Molas often contains bowlders of 

· Ouray limestone of consider~ble size. The upper surface of the Ouray is more 

or less stained with . the Molas, whose material and color appear to have wo:r;ked 

dow!'l into cracks and crevices between partly loosened blocks of the older formation. 

Some of the impure limestone beds of the Molas are fossiliferous. The collections 

so far obtained from the formation are but 3 in number, with a total of 6 species. 

The ,stations are 2186, 2187, and 2188, 

The Hermosa formation consists of limestones, shales, and sandstones, and . has 

a maximum thickness of 2,000 feet. Its characters are very inconstant, and while 

a threefold division was made in the , Rico ~egion, by reason of the segregation o£ 

the limestones into the middle portion, this could not be effected satisfactorily else-­

where. The lower division, (:omposed mainly of shales, is, roughly speaking:, 700 
feet in thickness. The central division, or heavy limestone series, is· 500 feet thick, 

while the upper or transition member, of sandy and limy shales, is about 800 feet 

thick. In all, 71 collections werB obtained from the Hermosa formation, 'and most of 

them have been located in one or another of the th1;ee stratigraphic subdivisions. The 

following stations are located in the lower series: ~197, 2198, 2209, 2213, 2214, 2247, 

2279, and 2284. In the middle series are the following stations: 2202, 2211, 2212, 

2217, 2220, 2222, 2223, 2224, 2225, 2228, 2229, 2235, 2236, 2237, 2246, 2249, 2282, 

.2286, 2287, 2301, 2332, 2333, 2334, and 2335; and in the upper series are the follow- < 

ing: 2200, 2201; 2203, 2204, 2205, 2207, 2208, 2210, 2216, 2218, 2219, 2221, 2226, 

2231, 2.232, 2238, 2239, 2240, 2241, and 2283. 
upon these stratigraphic subdivisions and upon the collections designated is 

based the following tabular ~tatement, which shows the distribution of the Molas 

and Hermosa .species by localities and in the final three columns theirvertical range. 

Details of lo~al representation, distribution, and range can, therefore, be secured 

from this source and from the register of localities appended. · 

. , 
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T ABLE XIII. a-Table shouring d·i.~trib:ut'ion of Pennsylvanian species ·in the San Juan region, and their· range 

in the .Molos und lowe1·, middle, and upper Hermosa. formations. 
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................ , ....................... ----1 x .... ----!---- X ........ x ! ... . > .. .. 

Productus infiat~s- .. ·: .. --- - - --- -
1

---- - • ·l · · - ~ ---- ---- · -- · -- ~ ---- · -- .. \ .. -- -- -- ~ ---- ........ , .................. -- \-- -- ~ x 
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a For a description of the localities indicated by number in this table see locality register, pp 519-532. 
':'Also found in Rico formation. 
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TABLE XIII.--;-Table showing distribution of Pennsylvanian :species in the San Juan 1·eg'ion, and their mnge 

in the llfolas and lower, middle, and upper I-Ie1mosa fmmat'ions~Continued. 
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1 
.•. . J .... .. . .. I X r····· l··· ·· ·· ··· .. .. , .. ..... : · ··· ···· '···· ... .1. ... , .. • J ·· '[·· ·· 

Rhombopora lepidodendroides ... 1 ........ 
1 

• • •• 
1 

• •• •• •••• 
1 x I· .. .. .... 1 •••••••••••••••• 1 ........ 1 ........ I ... .1. .. ·I· ...... . 

Fen estella sp ~ ....... . ............. : ... . ; .... ; .... l .... ; ..... i .. ... 
1 
........ ·1· ... ,- . . . . . . . x \· . .. l ... -!- ... 1 

••• ·I· ... i .. . l ... 1 
•••• 

~~~:~~~;: ?c. :;~~~~-r~~-:: ::::::::::1::: : I :::: ~ ::: ·f· ~ .1:::: :;: :::: ::::: . :::: I ::~: < :: . : :::: . ~: ::::I:::::::: :::: :1::: J:: :::::: :::: 
Lewolema:::~;~~~~: . . ~- ; ···i ~ -- ............. 

1 

: ..... X r ~ . • ~- ... . 
Decbyaonu•a ........... ....... ..... . [ ........ ...... ......... : ............ x x .. .. ........ , ........ ... .. ···· i· ··· l···· 
~:~==:~ ::::~:o:~:: ~~;~~~;;:· · · · · · · - r -- I · - ·-- ·- -· ·-· · .~ . · · · · · · · · -1 · · i· · · ·; · · · r - ~ X 

anus ................ ........ ..... · ·· · ·· . · ··· X • • • •• • •• • • • • • • • . [ •• 
1 

• · · ·· · ·· · ·· ·· · T · · ·· ·. · · · 11· · · · 
;::::!:.m=~;::,~;~ ~~; .... · [· .... ·····- ..... -·, r· ........... I . : f i . 

~:::::,:~i~~;~• . > .• •• ~ - J -•• <'i •••- -··· -• -• • J •• ] :-• •' \J •f -I 
Pr.·oductuspe.rtenuis ? ............. ... .' .. ) ... .. ... .' . ... .! ..... ~ ...... ... 1···· 1

•••• ····1····1
···· ····! (?) ·· ·· ···· 1·····'···· ···· I 

Productu,oom•.. . . . .. x 1· j--· x ..... I x L .. ; x .... (?) I x .. .. ···· ··; · ···· [ · 

;:~::;:~::::,., ~ : . f .~. X I X••: .. t i . ·~ I. -1···· •• t .•.• •• l •f - •• 
M~'·;mfem mg~a~ . . . . r I I I I I . . . . . . . T . I X l r ..... . 

Seminula:::t:~:::~~--· · :· ····· .... x . ... x x ..... X .... 
1 

.... 

1 

X X 

1 

.... X X X ···· ····1···· .... ! X 

A viculopecten occidentalis * ..................... , . ... ·I ..... : ........ 1.. .. X .. . · ]· ...... ... · · · .. · · · · · · · · · .... · · .. 
1 
· · · · 

~v!c:~opecte: pell~cidus ._. ..... .. ..... ........ ·-I- ................. ·;· ... 
1
.... . . . . x I· ........ ....... · · .. 1 .... 

1 
.. ··I· .. . 

A:a:t::;:::enr;~:~:!~~:;~~!:::: :::: :::: :::: :::: ~ :::. :: , ::::.· ::::: :::: ~ :::: ~ :::: ::J:::J::: :::: ::::c::1 : I::J.::::1:: :: 
~:~~P!"'" te,~uilin!"ta ....... .... .... .... I ·, ·. X i . I I· I X I ; I I I : : i 

E£~~:~~~~:~~'"~' ·- · ············ · ~- ············· f · ' ~ l j~ : ·· : 1: : ~ ) : • Cyprica.dlnia cacbonaria ..... . .. , ........... .. . .1 ................. .. •. . . . x I ... .: ... J ..... . J . J .. .!. ... I. ... · .. J .. . 
*Also found in Rico formation. 
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TABLE XIII.-Table showing distribution of Pennsylvanian species in the San Juan reg·ion, and their mnge 

in the Mola81tltnd lower, middle, and upper Hermosa jormat·ions-Continued. 

Ambocrellaplamconvexa ........ , .... j---- --------------- ------------1---------------- ----1---- .... -- --- 1 x .... ... .. 
Seminulasubtilita* .............. , x .. .. X ____ ..... x x .... x x .. .. x J x xI x x .. . . ....... \ x 

*Also found in Rico format. on. 
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TABLE XIII.-Table shouring. distribution of Pennsylvanian species in the San Juan region, and their range 

in the Molas and lower, middle, and upper Hermosa formatioris'--Continued. 

_· ------------ 2231 11 2232 2233,2234 2235 12236 223~ 2238 22.'39,2240!2241:2242 2243;2246 11 2247
1
224912279

1

2282
1

2283 2284 

I • j I 

Aviculope::e~~::::::taliR* .. ... xi .. .. ... J ... ----- 1

--- - -- -- ------ -- -- --- --- ------ · - -- ~ ---- 1 ---· - ···· ··· · ···· ---- ·· ·· 
Acanthopectencarboniferus* .... - - -- ~ ---- - --- ~ ---- ·····1--·-- -- --- X ---- --- · -- -- ----- ---1------------ ·- -- ~ -- - - ·--- -- --
Modlola?a:::~:::~ 

1 
. ... x I ·, 

1

.... ' .. . . II · .. ................. . 
. . 1 I I I I j"· . I Dentalm::::E:::~-~~------·····: --· l ··· ·· ·l ·-- ...... ... . -- -- -. x .... .. . : ......... .. ..... - - -~ .. . .. ..... . .. . . . ... . 

:~::r,7.~=:· : :: 1 ~: ·:: :j,: .•... :: .: ····: :::: ::::.:::::··:::1 ::\ 1·· 

1

2286 2287 2301 2309 2322 23231232i 2328 2331233212333 2334,2335123.391 Molas. Hermos~. 
i I ~~~~~ff 

_______ l'_R_O-TO_ Z_'O_A_ . _ _:__ ___ i---- -----~-------- ---. - ---~--

Fusulina cylindrica . . . . . . . . . . . . . . x ........ ... . . ... .. . . ... .... ..... .... I .... _·. . . . . . . x . . . . . . . . 4 4 

Hyalostelia:;~~~~~: ..... ·-------- ~' .. .. . . .. . ... 1 ..... .. . ... . ' ...... . . : ... .. . .. ... --·- : -------- ... .. ...... . . 
Hystriospongia'? sp. .. . .. ..... . ... . .. . .... .... ... . ... . .... .... .... .... .... . ... .. .. .... .. .. ........ 1 .. . ......... . 

I 
C<ELENTERATA . I• • 

r~~f~~;;;;~fm[[ 
1

::::::•::: ! [•:::.::•: XI :; [[ [[[ :. .. :1 . ·;······· 
ECHINODERJI!ATA. i . . ·! . 

:::::~~:, : : ·~ : ! :: J • • • I r•• : :::. :: :· : ': :: ::: : 1: (?); 

~~WA. · ' 

§~~§~~~~::~:"~'·'dea: I ~~ •••• I. :. ·~ · J: : : : : :;: ::,: ·: ·· ···· 
:~~~::~s:.;~~=;.,: ; . . t · .. : ::: : . : •· •• : : : ::·:

1

' :.::::::: ::: : :::::::::: :::::~ 
::~;~~:::~~~~~~~-- ~~~~-~!-~~~: :: :::: :::: ::::1:::: :::: :::: :::: :::: (~) -~ - :::: :::: :::: :: :: ,:·::::: :: ::::::: ---- - ~- :::::: 
~0 . . 

~~~~f~~~:S r[ :: : : :· I ::

1 

:: : J:::: [X[:/:::: :•::1:::: :::I:::::::: : :/: :r : 
*Also found in Rico formation : 

I. 



FAUNAL EVIDENCE AND CORRELATION. 251 

TABLE XIII.-Table showing distribution of Pennsylvanian species in the San Juan region, and their mnge 

in the Molas and lower, middle, and upper Hermosajormations~Cont.inued. 

-~----i,,.l~f~~::,3221W2~23271~1233lr _ 233f 2335
1

, ... 1 ~o~os •. ~;;;:;~ppe< 
~::f~:~~~~:::2 j I (?) : .J ..•. .. I J ~ : . • •. J . : 1 3 ! . :· •••••• 

. I I 
. . I I 

I I I, I, I ':. Chonetes fl.emingi var. verneuili-

i::::::~:,~::u~t~' V~< ' r+ : ::: I : r· : :: : f : :: ::::::: :: :: •i•• '·· .. ' ' ::: ..... . 

~:~::::~~~::~:,~~~·········tJ • :• : ..•• ~. . t ••:····.: 1 . ~ ... ·: . ~ •• ~ •• ~ :: j:::.:: ,···· ·: 1:::::1 ,,j
6 

Productuspertenuis? ............ 1 .... 1
1

:· ··>··· ··· -i- ··<····:····1····;·· ·-: .... ···· ···· c ••• l .... j ---·~-· - --··--· · 11······ 
Productuscora*········· ······ · ·· ;···· ···+··· .... 

1 
.... ! .. .. ;, ........ 

1 

x 1 x .... x X ···· ,········ 2 4 9 P<uductu,punotatu. ............. l···· ···r·· ····:···l·+··· .... , ... .......... x x .... ...... .. ....... ' I ' 

g~~j~j,~~~::~:~.:va<••••• l •··· •.• ~ ···· : ..• ····l·j·:···· ·~J •• : •••• ·~· :::: ·~· ~ ··· 1 ······ :1 ····;· : ..... : ':::::' 
Marginifera ingrata ........ . .... - ~ - ....... I ....•.•. 1 ........ I ............ 

1 

.. . J ........... 1 

• ••• 1 ........ i... .. . . 1 I ..... . 
Spiriferboonensis? ...................... I ........ ', ........ 1 . .... ... (?) >< .... x .... 

1 

•••• • 1 6 : 4
1 

3 

Sp~r~ferrockymontanus ....... . .. ···· ····1-· ··1····1···· X : .... ···· ···T··- ···· ···· ... J ... ········ ······· .: 1-····· 

~~::~~~::;~~:,;~ < I ~ ••:: 1 :~: 1 :: ::1 :::: ::::::::: :::: ~· ~ i ~ ·:: : : j . :· :: : : 1 - - ---~ 
Spiriferinacampestris ..... . ...... i···· ............ : .... ····1-··· .... ·· ··I···· .... ···· .... ············.: ..... ······· 1 

Spirifermakentuckyensis .... ......... .. .!. ... ····1 X .. . . 
1

· .... ···· .... ,' ... . ···· : ... ··-- ··-- ········ ·- · ----
1 1······ 

Seminula snbtilita * . . ... -...... -. r ...... -·I·--. X -... X I ... - . -.·I X I X .... ---- •••. ---- 2 5 13 8 

J>ELECYPODA . . I . I I i 
. . . * . I l . i A,vlCnlopecten ocCldentahs .... ·j· ... , .. ..... . ~- ....... ... . J •.•• • •• - , -. ·· i· -- ... -. -·- · -· ·- --- · -· :. ·- · · · ·-·· · - ~ -- · -- · · 

Av~culopectenpell~cidns._. .. .. . . 

1 

. . . . ... ..... 

1 

............ , . . . .... . ! ... . , . .. . -": ·· ......... .................. ----··· 

~::~~:::~:;;nr:~:~~~~;:;~:::::: l :::: [ :::: ::::1::::,:::: ~ ~ ~ •••••••• ::::::: : : r I :, 
Stre~lop:eria te~n~lineata . . .. . .. ·I· .. ·i· .. ..... ·I· ....... 

1 

. ... 

1 

...... -- I ·-.- ~ · .. ... -- -.. -.. - -.. , ·. ·-· · · - 1- ·-···_ I_··--- ·j 

~~~!~~~;§~'~'''::::: :~: ~ ::: i!iiili• l•.:::::::l:::•:::.:::l•:•l ::: :::: •••• :•::,::: :~• ::::::: ··:::: [···· : 
AllW•m• te<minale. · · I ~~ I I 1 · [ ·l j ···· · I · · ...... I ... .. .. ····· · •• 

~~2~:~t:±:rl. > ! ~ ::~ i I ·::: JJ >.:·•:: \ • · / ::•::::1. 
Dentalium8::::::~-~~---- · ·· ·- ~ - ~ ~ . J . ~ ... ... .... J ~ . .... .... .... . .... 1 . ..... ; 

Dentalinm sp.c .... .... .. .... . .. : · ,··.·· / x .. . . [----1·--- .... .... ----1---·1·-·· ... . ---· -··· .... -·-····· -···· ·· 1 
I i . I I I 

Worthe~i:;~ls=~l:::~s:: ... ....... ____ ! ____ i __ __ : __ __ l .............. J ... ~· - --- ............ 1 .... 1 ........... ·.... 1 

Naticopsisaltone~sis* . ........... --·-1··· ·1·: __ , .... ! ... . ..... , ...... ,' .. .. -·-- ·-·- , ... -·- ·1··· -J ·····-·· ···---- i 
Naticopsismonilifera* . ......... . . .. .... .. ....... 1· .......... . .. ..... J ... ........... ...... ·' ·· '· ·· ....... .. ... . 

*Also found in. Rico formation. 
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T .\BLE XIIL_:_Table showing dist1·ibution of Pennsylvanian spec·ies in the San Juan 1·egion, and their muge 

in the Jfola .s cwd lower, ·middle, and ,upper ~Hermosa formations-Continued. 

I \ I I I I I H ermosa 
2286 228712301 2309 2322 2323 2327 2328,23:n 2332 2333 2334 2335 2339 Molas. - ---- - -

---·-------------~-----~~-~--------'--- LowerjMictdle l~ 

suo:::::;:~,::::::~""' ! ! i f ···· .... ~ ~~ ---- ·--- .... ___ _ !, . . .. ·· · ·--- -- [~ ----- I 1 ·· · ·--

Platyceras parv~m ... . : .. .. - .. . -.- , .... . . - .

1 

.... 1-- .. 

1 

.. · - ---- · · · -

1
-- -- ~ -- -- ~ --- -

1

-- · -
1
- · · · -- -- ~ ---- · ······· 'I 1 

E~omphaluscatJllmde~-· - · ·-· · - · ; -- · - __ _ , ---- ,--·- .... . .......... J ... .... x . . .. - - · -.·· ·· ........ . .. ... 1 ..... . 

==~::~~=~~,., : i ;<:rr: ·i -
1 ::Jt ::- :. : , :i 

Bel!emphou peccannatuwl. .......... ····l···r ,.
1 
•....••. 

1
. x II I· : l , I 1 , ' 

~:~:~~~:~~~= ~:~~~~:t:~:l.~~:::: : :::: ::::I::::!::::;:::: ::: :i· ~ . I :::: ::: :i:::: ::: : ~ :::: ::: :t: ::::::: ~::: :!: :::::: .. -. · ~- ~ - ···-. 
~uphemu:::.::::::~· . . . . . . . . r r r r 'I' " I '... . . . . . I· ·j . . . . . . . . . . . . . . . . . ..... . 

~;;;§~~~:;;~~~ •••••• : •••• ~ :. ; ~ ••.•• i •• •1•: •• !: •• : •••.• i • ; • : .•• : · ~ · ,·~ • .•: •• : •: • :: · •••• t• •• ••••• •• : •• : •• · · · ·: · • • • • • · 

* Also found in Rico formation. 

The Rico formation li::l part of the regular Red Bed!:i. Its thickness is· assumed to 
be 300 feet, because this portion of the Red Beds contains Carboniferous fo~sils. For 

a distanee above this horizon no fossils are found, while at the top Triassic verti­

brates occur. The Rico formation is made up of sandstone and conglomerate, with 

included shales and sandy, fossiliferous limestones. Our collections from the Rico . 
formation are 12 in number, and the total fauna known consists of 39 species. 

The stations at which Rico fossils have . been obtained are 2248, 2337, 2340, 2341, 

2342, 23-43, 2344, 2345, 2346, 2347, 2348, and 2349. The Rico fauna is so different 

from that of the Hermosa formation that it has been deemed best to represent it on 

a separate table, from which the local distribution of the spevies can readily -be 
ascertained. A comparison of the Rico with the Hermosa. fauna can be made. by 

means of the asterisks, which are attached in both tables to species common to the 
two formations. 

,/ 
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TABLE XIV.rt-Showing distribution of Pennsylvanian species in the: Rico .formation of the San J11an region. 

nnACHWMDA. . 12248. 2337.12340. 2341. 12342. 2343. ~ 23<4. 12""'· 12346. ! 2347. 
1 

~348. 2349. ·rot':':_ 

Chonetes mesolobus * .. : ................ : . ..... , .... . .. . ....... ... 1 .... · · X r· · · · · · i - · · • • .1. · · · · · · · · · · · · · · · · · · 
Chonetesgeinit,~ianus .... ....... ... ..... l ... .. . l . . .... ······.1 ····· 1· ·· ···1 x ······1···-- l ····· , .. : .. '-·· ···1··· 
Productus cora .. .... ...... ............. x ~ -- ··· · X X X • ····• X · ··--- ~ ······ ··• ·· ····•· · 

~ro~uct1ns nebbt~~stk:nsis *.. .. ...... . . . . . . (?) .. .... 

1 

..... ·1· ........... 1

1

,- . .. .. ,- . . ... . ," ... ... . . 

commu a ell :~~:C;;.;~~ X X X I X X ~ : ~ . ' 

s~~iff~t~~~~;~f:;::~:, :: : ·• ~ •• · ; 1 
; ~ 1 > !I. X ~~.Y :

1 

: 

1

XI : : : >~~. 
Myalina perattenuata?.................. . . . . . . x x 

::;~~00~~~~~:~~:~v~;:.:: ::::: :::::::::::::::-:1::.::::1:::::: .. ~ -- :::::1::::::1: :::::i: :::: ·: r: ::::::::::::1::::::: 
.. · ... ······:·-· ···!·-··········· '··· ···ic····· l 

(?) 

~{;t~~~~{~/F,""' •:: •:: ••• •:: · ~ ·: •••• I .· ~ ·. , •• j. : ~ ::1 •• : •• :: •••••••••• ::1. ~: ~ ·· ••: i ::: •: • •••: I ••• :•! 
Schizodus pandatus ? ................... ·!· .... _1

1

...... x ..... ...... ·I· .... . 1 X I x 11· · · ··· X •• .'. · ' 

Pleurophorussub:ostatu~··············· j ·· ··· · ... . .. x X ··· · ·· ,····· · . X j X .···••· · • ·• · ·
1
·•·• · 

1 

::::::~~~~~:~? i ! :· •_{_·_)_•_ ~~ •- •-:_._._ .• _ ~~~-·-·-··- ·-·- ~ -·-:······· ··~ -·-·-:-:_r • I ·j 
Euconispira sp. b .. ...... . . . ... . .... .... _I . • • • • • • • • • • • x 

W orthenia ? marconiana ? ................... · . · · · · · · X · · · • · j · · · · · - ~ - · · · · · 1 X J · · · · · 

Loxonema plica tum .. ............. ..... . ' ...... . . . . . . . . . . . . . . . . . x . . . . . . x ....... . 

~ox_one~a? peorie~s~-................... · .. ...... ...... ·
0

•• • • • • • • • x 11. · · · · .
1

. · .. · -[ x j · · · · 

Nat1Cops1s a1tonens1s ~ ........ ... .. ... . . ·1· .·.. .. . . . . . . (,) .................. 

1 

. . .... 
1

...... • .. . ... ·1· ..... 
1

. 

Naticopsismonilifera* . . ...................... . ................. X ··· ·· ······· ! X j... :::::1::::::1 
!~~:;i~:':~:,;~ .. • ' . :. . : : J ~ : •• : : :. ; ~ ; I 

Patellostinmbellu~* .. . ................ ·:···· X I X ...... 1. ..... · ·- --~ ...... ! ... . .. ······ 1. ····· ·.! ·:· ·· ·1·· ····1 
Euphemusnodocarmatus ..... ... ............. ··:··· x ······.! ·····: ...... X I X 

1 

...... !--····1··· ·· · X , 

a For a description of the localities indkated by number in this table, see locality register, pp. 519-532. 

*Species marked by an asterisk occur also in the Hermosa formation. · 

The fauna of the 1\'lolas formation known is very limited, ~nd vdll be found rep­
resented in the first of the final columns of Table XIII. Isolated from other facts 

there might exist some doubt from the present faunal evidence whether the Molas 
formation belonged in the Lower or in the Upper Carboniferous, though I think 

that even so it would be placed by most paleontologists in the higher series. Com-
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paring its fauna with that of the basal Hermosa I find that three of its six species do 
not appear there. The most abundant species i~ the Molas, howev:er-~S_pirifer 
boonensis and S ernhntla subt·ilita-are also especially . abundant in the base of the 
. Hermosa, and the somewhat peculiar variations are the same in each case. Not 
enough is yet known of the Molas fauna to assure a safe opinion, but I expe-ct that 
it will prove to be closely related to that of the basal Hermosa. Lithological1y, 
b,owever, the Molas is a distinct thing, and it may be that the fauna will sho~ cor­
responding modifications. This is, indeed, already in~icated to a certain extent. 

On the other hand, while the Molas fauna shows a distinct ~elationship ":'ith that 
of the Hermosa formation, it is completely disconnected with the "Mississippian 
fauna of the Ouray limestone, not a single species apparently passing into it from 
below. In view of this fact, of the ' unconformity which prec_eded it, of the inde­
pendent significance of its fauna, and .of its affinity with that of the Hermosa, the 

Pennsylvanian age of which is clear, it seems ~hat the Molas formation a.lso can 
safely be placed in the Upper Carboniferous. 

The fauna of; the lower Hermosa is less numerous than that of either of the 
upper divisions or of the Rico formation. Only ~0 species have been obtained from . 
it, while the middle has furnished 42, the upper 49, and the Rico 40. It is also less · 
varied, and is pred~:minantly a brachiopod fauna. In the middle division· a number 
of gasteropod species appear, while the upper, in addition -to brachiopods and gaster­
opods, has a considerable force of pelecypods. The number of brachiopod .species 
remains in a general way nearly constant, there being 12 in the lower Her~osa, 17 
in the middle, and 13 in the upper; but by reason of the accession of other types, 
especially of the true Mollusca, they hold a regularly diminishing ratio to the entire 
fauna. Thus . they rate at 60 per cent in the lower Hermosa, 40.5 per cent in the 
middle, and 26.5 per cent in the upper. In the Rico formation only 5 species have 
been found, and they represent only 12.5 per cent of the entire fauna. The Mollusca 
are at the same time increasing in prciportion, passing from 10 to 26.2 and 46.9 per · 
Cfmt of the entire fauna in the different divisions of. the Hermosa arid to 87.5 in the 
Rico formation . . 

The colleetions from the lower member of the Hermosa formation were all 
'· 

obtained from its basal portion. In ar~as where the Molas formation appears the~r 
occurrence is just above its upper boundary, and where the Molas has. not been dis-

~ . ' 

tinguished they were found within about 50 feet or less ()f the Ouray limestone, whose 
upper be<ls contain, ·as I 'have already . shown, a fauna of Mississippian age. The · 
fauna exhibited by these collections is of Upper Carboniferous age, . There is, there­
fore, a great faunal break between the base of the Hermosa formation and the Ouray 
limestone, corresponding to the unconformity by which they are known to be sepa.:. 
rated. The time interval indicated by this faunal break is a long one, representing 
much of Mississippian time and · probably encroaching upon the ensuing Pennsyl-
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van ian. The general age of the base of the Hermosa formation is, fortunately, quite 

without the range of speculation. The presence of such characteristic forms as 

Fusulina cylindrica, D erbya cras8a, Clwnete8 .flemingi var. verneuilianu8, Productus 
neb1·askensi8, Karginifera .;JJaba8hen8i8 var., Spirifer camerattt8, Squarnularia perplexa, 
and 8eminula 8ubtilita stamps this fauna as Upper Carboniferous. 

The lower Hermosa fauna is probably closely related to that of the Molas fonna­
tion, though the latter is too imperfectly known to permit much to be said of it with 

safety. It is also related to the fauna of the middle Hermosa, yet retains a certain 

individuality of facies which renders its recognition in the San Juan region . easier 
than that of either of the overlying divisions. The table shows th~t Oh. flemingi var. 
verneuilianu8, Producttts injlatus, .Prodttctu8 gallatinensis, and Productus sp. b. do not 

range into the middle .and upper Hermosa, and that Productu8 8emireticulatu8 var. 

liermo8anus, Productu8 punctatu8, Spirifer rockymontan,us, and a number of other 
species found above do not occur in the lower. In working through the collection, 
however, 1 was more impressed by the abuQdance, persistence, and distinctive form . 

of Spiri.fer boonensi8 ?, though the latter sornetim~s occui:s abundantly at higher 
levels, and of the small Product1l;8 gallatinensis. Asjde from the brachiopods the 
fauna of the lower Hermosa has little in common with the division above. Such 

species belonging to other groups as are found there appear as a rule to be peculia:r 
to it. 

Expressing the relation between the three divisions of the Hermosa formation and 

the Rico formation numerically, as has been done in other cases, by taking the ratio 
of the combined fauna of two adjacent divisions to the species common to both, 
the relation between the lower· and middle beds is expressed by the number 19.2, 
between the middle and upper by 21. :3, and between the upper Hermosa and the 

Rico by 12. 8. Similarly, the relation between the R ico formation and the Hermosa a 

taken as a whole is 9. 9, somewhat less, as one would expect, than that existing 
between it and the upper division alone. . While this form of comparison is not 
without significance it is doubtful whether a numerical expression _ ever adequately 
represents the relation between two faunas in stratigraphic paleontology, while some­
times it is evidently misleading. One defect, which might perhaps be remedied, is 
that it · overlooks the element of abundance in indiv:i.dual local occurrences or per­
sistent repetition of local occurrence. The most serious defect is that it expresses in 

regard to faunas their total similarity or difl'erence resulting from the two factors of 
evolutionary development and of the· selective action of environmental conditions, 
while it is for one of these chiefly that the paleontologist would find expression. The 
other in most cases could be safely overlooked. At all events, to correctly under­
stand the geologic relations of faunas, as welf as the geographic, . it is necessary 

a Two of the species common to the Rico and Hermosa formations have not been recognized in the upper Hermosa. If 
they are regarded as having a continuous range and are counted in with the other upper Hermosa species, this relation 
would be expressed by the number 15.4. 
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that th~se two independent interacting factors be as far as ,practieaole differentiated~ • 
A method which would give mathematical expression to both these f~rces separately, 

· instead-· of to their resultant" woul'd be very .useful. Qualified as must be· their 
acceptation, the figu_res j~st . given indicate a less intunate relation between the 
Hermosa and Rico formations than between the several members of the Hermosa. 
In :whatever way the two faunas be viewed a marked difference in facies must be 

• I· If • 

gra,nted. As in the/Dolores River region at Sinbads Valley the supposed equivalent 
of the Her~osa_,{freatly exceeds in thickness the typical ·sections, and ~as its. upper 
beds contain a fauna at once different from that of the Rico formation, and only 
in a less degree from that of the Hermosa, it would . appear as if the faunal break 
between the Hermosa and Rico formations, and to a· certain extent . the marked 
lithologic change which it accompanies, were the expression of a period qff.g:. 

, no~deposition or erosion represerited in other area~ by sediments and faunas , ~~t '· . 
, · fpund in the San Juan. 

It bas been noted that the :fauna of the lower division of the Hermosa a1so has tl. ! "" 

certain individuality of facies; but it app~ars frow the consideration of correspond- · · :~_,, .. 
ing horizon; in_other regions adjacent that the species. which our c~llections indicate 
mi;ht serve to distinguish the lower from the middle . division are not as sharply:. 
l~m'ited .in range as in the San J nan. Possibly the reason that a fauna~ break seems 
to exist in the ' San Juan region is that there the collections from the lower Hermosa. 
were all made at the very base, some 600 or 700 ·feet of .strata int~rvening between' 

".-them and the middle division. 
,. .. Ouray.-It would oe difficult to say whether the small, -isolated Carboniferous 
I ;.,J . 

ar~ abot1t Ouray would more appropriately be included with the San ,Juan or yvith 
the Dolores River region. I have, however, decided to discuss the few colieQtio.ns 

, froni Ouray in conn<:ction with the former. , 
· The QuraF limestone .is not exposed at Ouray in such a manner that its strati­

graphic relation to the Upper Carboniferous fqrmations could be satisfactorily made 
<;>ut. I was not sufficiently acquainted with the upper part of the Paleozoic section 
ip. the San Juan t~'= d.etermine - on lithoJogic evidence (for the Rico fauna was not fou~d 
at Ouray) the position there of the Rico horizon. · Therefore, while it is ·safe to say 
that the Ouray collections c~me from the equivalent of the Hermosa formation, their 
position .relative to either the top or the batie of the section was not determined. I 
a.m o:£ the opipion, howeyer,. that the collection made on the west side of the valley 
represents a hig·her horizon ~han those made ·on the east side. The latter, wh_ile con-

. ta.ining some of the forms s.uppos~q. to chara~terize the lower Hermosa-as, for instance, 
lJrodttctu.s injlat'tts and Productus gallatinen.<:fis~eont1J,in certain others, such as 
8pir:ifer r;•ockymmUanus, I;ather distinctiYe of the upp~1: di,~isions. The same is true 

o£ the collection from the west side of th~~v.al:1e}''r -, itp;m which it appears that the 
differences distinctive of the lower and middi;q.ivisio~s of the Hermosa formation in 
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the an fJ unn region a.rc I :-;s ·trongly nmrkrd in ' thrr arras. I bclieye hmv H ' l'. that 

the collrc ion . on the Pa~t sid<' of the ndl y probably lwlono· to th horizon of th 

]ower H e rmosa. of th·"' "an Juan r eg ion and the \r Ph r formation of the ' n ' st d Butte 

r eg·ion. The aceompan.nng· tuhlc sho ws th<· lot·a l distribution of the .·p e i< :-:fou nd 

ncar On ray. 

PHOTOZOA. 

Fu-;ulilll~ <·~· lilldri<·,t ... . ......... . . ... ..... . .... .. ....................... ... . >: 

("(EU: :-:TEHATA . 

Cnm)Jophy llum torcp lium ... ... ............... ... ........... .... ........... . I . ...... . ·--····· ------- · ... .... . 

. . . E("Jfi:-:OOEH )IAT A. I 
~;: ::~~~:~: ::: ~~:;:' :n " ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. · .•••••••••••••••••••••••••... ~ ...•••••••• ... ; . . i • • • • • • • • • • • • i 

RHACIIIOI'OOA. I I 

~~~~>1;1~·1; ~r~~~~i-~~;::::::::::::::::::::::::::::::::::::::: : ::::::::::::: : :::: : . .. ; .. . 

1

:::::::: I _ ... . ... :::::::: :::::::: 

Produetus gallnt in t:n. i. .. ... ........... .. ..... ... . ........ . .................. . .... . .. . ... .. . 

Productus in flntus.... .. . . . . . . . . . . . . . . .. . . . . . . . . . ... . . . ... .... . .. . . ... .. . ... . .... . . . x 
l'roductus semirC'ti ulatu. vnr. hermosa nus.. . ...... . ............. ...... .... x 
Produrtus <"O rn . . .. .. . ..... . ......... .. ... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ........ !. .. ... . . 
Prod urtu. 11 hrn kensi. . .. .. .. . .. .. .. .. .. .. .. .. . .. . .. .. .. .. . .. .. . .... . .. .. .. .. . .. . .. .... .... .. .. . .. . ~-

)J nrginifer,t ingn1 t11.. . . . . . .. . .. .. . . .. . . . . . .... .. .. .. .. . .. . . .. .. . . .. . .. . ... . . . ... .. . . ,_ 
1 

.. . ..... . ... . ....... ... . 

. pirifl·r bo ncnsis"!..... ... ..... . .. ..... .... .. ....... ...... .... .. .. .. ........ x 

. pirifl'r rot•kymontanu . . . ..... ..... .. . ....... ...... .................... .. ... . ....... .. .. : .. . , ... ; .. . ( ... ~ ... :: .... .. 

. pirif r rum ratu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . ... .. . . . . . .. ... ... . .. .... :: :::: 

... .... - ~ .... .... , ... ........... .. ·I 

:::·::1:\~:::·:~il~ab ••• •• •••••• ~F.'~ y p DA •• •• • •••••••• • ••••••••••••••••••.•. X . •. •.. .• .. : •• ~ . . J .. ~ ....... ... : 
. quamulnria p rpl xa ......... . .... ...................................... .. 

Strr uloptcrin tenu il in C'a tn . . . . .. .... .. . . . ............ .. ......... ............. .... . .. .. .. .... .. ...... 

1

1 
x .. ...... 

1

1 

CRl'STACE .~. 

Phillipsin ntujnr..... ..... . .............. ... ............ ..... ..... . ... ... .. . .. .. .... ·, .... .. ........ .. 1 
I 

n For t1. description of th localiti ,_. indica t d by n umber in thi. tabl s c IOC'nlity n~~ii'ter . pp. ;)19-5;3:.!. 

DOL RE~ HIVER RE 710~ . 

. in o-le oil ction from in bads Valley (:-;tation 22 ..., _) i ~ all wr hax to rrp re~r nt 

the "~arhonifcron . · strata of th Dolorc.· River region. It." horizon is in the :-;trati ­

graphic rqui \-al cnt f the H ermo:-.;a formation. about 100 f ct b low the R dB ds. 

The fo llo \\"ino· : p ci haY b n id ntiti d: 

I.< l)tiH •ph y llttm profun< lunt. 

I lrt hotid1ia <'hu<"ill'l'kn. i ·. 

l ·:ntt-h·ll'~ lwmiplicatu~ . 

( ' honl'tl'~ ~mnulifcr. 

P ro1luetn:-: port lm·kiunu:". 

Pn Uf:tu :,:emi rl'ti <"ulatu. var. h ~rm nu 

. 'pirif r am ratu . 

14 . 1'- --17 

hn: nomya 1 a Yen worth n i ~ . 

Edmondi:t m ort nenj · 

? ~at.i <'OP"i alton n. i . 

Euomphal n catilloid .. 

Worth nia tabulata'! 

Bell rophon perearinatu:o. 
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Thi: is ckarly not. tiH' Hieo fauna, and its aflinitirs ar<' rat.lwr with thos<' of thP 

Iniddlt' and uppt>r portion~ of th e Hermosa formation . It prest'nts, how<'\·rr, a dis­

tinctly ditl'rrC'nt faci<'s from any portion of the llrrmosa ns will hP sPcn fron1 till' 

fact that ]~'n t('let > > lu:m-iplicatu...:. elumdr'S (/l'f(J/ itltf;-1', Pmr!ltd ({8 portlof'holf(}l/ls. 

Rd111mul/a 1i/Ortonensi.'?, and H(it·t li('Jl ia trt1JI(/rdrt? a l'<' not known to occur in that 

formation. In Sinbads VallP)' tho II nnosa, or what is suppos<'d to lm that forma ­

tion, has a much grcat<'r thi c kn<_'~s than in the ~an .Juan l'<'gion. This c·olkdion. 

tbcr<>forc, which <'Ol1H's from ne:tr tlw top of tlw formation in Sinhnds Vnllt>y, pn' ­

sumably rrpn'sents a higlwr horizon than any portion of tlw HPrmosa in tlw ~an 

.Juan r egion and also a lowPr horizon than tlw Hieo formation. Tlwse fncb, tak<'n 

in <'OIItWction with tlw rather markt'<l faunn.l hn' ltk and lithologi<' rhang·t' hdW<'<'II 

th<' typical Rico and IIrrnwsn, an' all fa\·orahk to tlw :·mpposition t.hat. in tlw Snn 

,Juan a period of rrosion or nondrpo~ition int<'n·enNl hrtwpen thos<' two <.~rirs of 

sedinwnts , r<'pn':-:;<' ntc'd hy the uppc r h<' <1s in Sinbads Vnllr.\· and itHlicatc'd hy thl' 
diffrn'nt fneirs of tlwir faunas. 

SU~l\L\HY. 

Probably of grratcr inh'rcst than thr rdntion to onr anothrr of Lhr fauna ." of 

the difft' rent. formations of th e same sP<'tion arr thr rrlations of thr faunas of fornm ­

tions in the ditl'ercnt st'ctions which ba,·r lJrrn stuclircl in clifl'Pn' nt portions of tlw 

State. Th<' only srctions representrd by colledions ndequah' to llinkl' su<"h a <'Olll ­

parison are those of t,lw San .T nan region, CrcstNl Butt<' d istrid, and LPnd vi lk and 

Tenmile distri •ts, the last two being considcrPCl tog<'th r. To thi s end I han' pn'­

parPcl a :-;ummary tablr, giYing- thr composite faunas of the . P\'eral formation:-; 

rccognizPd in these three rrgions. The ('haractt'r of th 1o('al faunas from which tlw 

eomposite li:-;t . is made up is shown in the table:-; dealing indi,·idua.lly with the 
difl'erPnt regions. 

'fARLR X VI. - S wnmary taUr .fO?· comparing the l'ppcr ( 'arl~onifemu jormationul f auno. of th l' Sa n .Juan, 

Crt'sf r'd Butte, and f ,eruf ,.ille an d Tenmilt> dist1·icts. 

San .l un i L Crested B ul tc. Lcn<l\'ill l' and T t·n m ik. 

l'I: OTOZO .\ . 

I HPrmo:<n. I \\' ebc r. I 
I--- \\' b 'I ,-· Robin · I ~l oins. I Lo w· I i>fid· l'p· c cr .. nroon . Low · ~l i< l · ( ' p· I >-o n . I ~l a roon. 

1 ! r r. d ie. pe r. c r. d ie. J pl'r . , 

-- I 

F'mulina cylindri r·n .. .. ........... .. .. .. ...... .. ... 
1 

1 -1 I 
F'usulina eyl mdrir'a \ ' llr \'C'IIt n cosn " ...... .... . . .. . ........ . .. . 

SPO:S GL\. 

~~~:::~i:~.c~~:l~~~- ; ~~·:: :.::::::::: :: :::.: : :: : :::::: J 1 ::.:: J.:::: ::::: ::. ::::::::: ::: ::: ::::::I:::::: j:: :::::: :::: ::::: 
cu-:u::sn:RATA. I J 

1 

Lophophyll u m profund um . . . . . . . . . ... . . .. ..... . . ·I.. .... :! I 3 I 
Cnmpophyllumlorquium...... ...... ... .. . ...... .. .... .. . ! 1 ~ 2 :: : ::: :::::: ~ : ::::: : :::::::::: ::::: : 

I I 4 ........... . .. . ... .. .............. . 
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TABLE XVI.-Summary table for comparing the Upper Carbonifero s .formational.fatmas of the San Jua~, 
Crested Butte, and Lead-ville and Tenm~le districts-Continued. 

San Juan. Leadville. Crested Butte. I 
-------------~----~~ 

Hermosa. I Weber. 

I
, Robin-

Molas. Low- Mid-~ Up- Weber. Maroon. , Low- ' Mid- ~ Up- son. Maroon. 
er. . die. per. ' er. I die. per. 

--·----------------1- - - - - - - ----·· --'----,- - - ---

CCELENTERATA- continued. I I 

Amplexn.,p...... ...... ..... ..... ... ...... ........ .... .. · I • 

~~ftEl~~~;lL > > \ :,: : : : ;I:············ : :•: •• 
I 

ECHINODERMATA. 

Eupachycrinus? sp .. __ ..... .. ...... . ............. ... ......... 
1 
.. ____ 1 __ . __ - ._ ._ ._ ._._-_ I-_ -_._._. __ -._._._ ... ,

1 
.. . _____ ._. ___ ._ . ___ ._ . ___ .- ._ ·. · .. _ . __ · ... _ ..... - ._ .. _- _--_ 

Arch~ocidaris ornata ................................... . 
Arch~ocidaris era tis ... ... ............. . .... ........ .. . ..... ..... .... . 
Arch~ocidaris trudifer ? .. . ........ ... ...... .. .... ..... . .... .... ...... ... .. .. . ....................... ... ... . ............ . 
Arch~ocidaris triplex?.... . . . . . . . . . . . . . . . . 1 .............................. : ......................... ............. . . 
Eocidaris halliana? . ....................... ... ..... . ...... .. ... ... . -.. 

HELMINTHA. 

Spirorbis arietina... . ... ... ......... ....... . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . 2 ........... .... ... ......... ...... . . 
Conularia crustula? ............... " .... : ... ............ . · . .. .. .. (?) ...... ............... .. __ .. ____ ................ __ ... 
Enchostoma sp ............ .. _ .· ...... _ .. ___ ... _ .. ___ . . _. _ . _. ___ .... _. 1 ---.--- ... ----- .. - ·- - . -.--. --· - ~ - ........... . 

BRYOZOA. 

Fistulipora carbonaria ............................ . 1 ...... 1 ----- --- ·· ------- ------ ----·· ------ · ······- ....... .. 
Rhombopora lepidodendroides ................ · ... . ' 1 1 .............. -·--··--- 1 ------ ...... ·······- -·---·---
Prismopora serrata . . .. ... . : .. __ . _. __ ... _ ......... _ .... _. 
Prismoporasp .. .' ... __ ........ ___ . _. ___ ....... __ ..... .. . _. ~ 1:::::: ::::: ::: ::::::::: :::::: :::::: :::::: :::::::: ::::::::: 
Fen estella cf. tenax ............... _ . __ . ___ ......... _ . . _ . _ .. _ .... _ . _ ............... _ ..... __ . __ .... _ . _____ ........... __ . _ . 
Fen estella sp .. ...... . .. ______ . ______ . . _ .. _ . _ .. ___ .... . .... _ . _ . . 1 . ___ ... _ . .. _ ... __ . _ .... ___ . _ . __ .. ___ . ... ___ ....... _ . 

Polyporacf. ·distincta ......... ..... .. .. ......... ... ______ .. .......... ·-··-·· "' ......... ------ ...... ------ ........ ·· "····· · 
Polypora cf. cestrien~is ... ~ ........ _. __ . _ .. _. __ . _. __ .... __ .. __ ... . . _ ... __ .. __ . _. ___ . __ . _. ____ . __ : _ . _. __ . ........ _ . .. _ .. _. 
Polypora whitei var .. insculpta ...... _. _ ..... __ .... ______ ... _ .. , __ ___ . .. _ ........... _ .. ______ .. ____ ... ___ . __ ...... _ .. ___ .. 
Polypora n. sp ............. . .. __ . _. ___ .. _ ... __ . .. _ .... __ . 1 ·. _ .. __ . _ .. __ . . ___ .. _ ... _. __ . __ . ___ . __ . _. _ ....... __ .. _. _ .. 
Polypora sp. a ... . . _ . _ . ______ .... __ ... __ . _ . __ . __ .... . __ _ .. ______ . __ . _ . _ .. _ . . __ . __ ...... ~ ..... __ . _ .... __ ................ . 

Polypora sp. b .................................... . . ·..... 1 1 ... ...... .................... __ ............. __ ... · .. . 
Septopora delicatula ..................................... . __ .. __ ............. , .. ____ ............... __ ................. __ .. 
Septopora sp . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . 1 ................................................... . 
Chainodictyon laxum .................. ___ .... . ... . __ ... 1 ........................ __ ...................... . .... __ .. . 
Stenopora carbonaria ........ · .......... ... . .... __ ·.. 1 ____ .. __ ............ __ ....... __ .......... __ .. __ ............... .. 
Stenopora cestriensis . . __ .. ____ ............ _1 

•••• _ _ __ __ __ __ __ _________ • _____ • •• __ •• ______________________________________ _ 

Stenopora t:uberculata .. ·.... ...... .. ....... . . . . . . . . . . . . . . . . . . . . ... . . . . 1 ...................................... : .... . 
Stenopora?sp..... .... ...................... ........ ...... ...... 1 .................................................. .. 
Leioclema? sp ....... .. .. .. ................... . ............... . 

BRACHIOPODA. 

' 

Lingula carbonaria ................................................. : ..... ..... ....... . 1 .................... ---------
Lingula tighti .......... . ....... __ ... __ :· ... ...... __ ................ · .................. . 
Orbiculoidea manhattanensis .......... __ .................................. ....... : . . 
Rhipidomella pecosi. ... ~ .................. 1 ..... .. ........ __ ................ .. 

·1 

2 :::::::::::::::::::1:::::::: 
Derbya crassa.. .. .. . . . . .. .. . . . . . . . .. . . .. . . . . .. . . . . . 3 2 2 31 2 1 
Meek ella striaticostata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . .... ... ........ . 

~=~:::::::;:~~;~~~,;~~";:::::: :.·:::·:.····;· ·:·:·: :::::: ••••• 2: •.••••• ,.1::::,· ::::-:-::::: .::: ____ :::::.::: 
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TABLI•J XVI.-Summary table for comparing the Upper CarboT1,~{erous formational faunas of the San Juan, 

Crested Butte, and Leadville.and Tenmiledist-ricts-Continued. 

San Juan. Crested Butte. Leadville. 

· I Hermosa. Weber. 
1 -~----,--- 1 Robin-

Molas. Low- Mid- ~ Up- Weber. Maroon. Low- ~ Mid- ~ Up- son. Maroon . 
er. dle. per. er. dle. per. 

C_h_o_n-et_e_:_:_A_e:_:_:_:b-Pu_0_:-~-~-~-~--n-. ~-~n-. u-. ~--d-._,..._ .-.-. -. _-_-_-_

1 

-.. - .-. -'--. . - ~~ ~~--2- - -----

2

-~~~~~~ ~ ~ 
Productussemireticulatus var. hermosanus . . . . . . . . . . . . . . 41 6 5 2 1 1 ............ : ... . 

:;:::!~~:~~~~;;,: : ·: .: : . J 4 .1·· ·.·. (_?_\_·_ .. _._. ·_·_ : _::_: __ :_.:_ ~_:_ ! J .:_: j _ :_._ •••••• :._:_:_·_._:: __ ::_ ~_ 
Pwd uotue perten u;,? .. ..... .. .... . ..... .. ......... f. . . . . . 

1 

~~i:~ii~fi~""': : ::; :::•; ; J: : : : } ••2: _._ •• _-;_ :_: _:_;_._l ; ,2, :_ •• _:_-._:_._ ••.••.••. :_;_:._l _. _:_: _-._::_:_:_ .•... _.:_ •• _-:_._ . • _:_:_; 

Marginifera ingrata .... . ..... _ ................... .. ..... . 
Spirifer boonerrsis? ......... ~. . . . . . . . . . . . . . 1 6 4 3 ..... , . .... ... .... . .. .. ..... · ...... .... ..... . .. . ... . . 
Spirifer rockymontanus . ........... ·: ..... . . . . . . . . . . . . . . 2 . . . . . . . . . 4 . . . . . . . . . . . . 1 . .. ... .. . 
Spirifer cameratus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3 ...... , .............. ... .. ...... .. . 
Squamularia perplexa . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 2 9 . 4 1 9 . . . . . . . . . . . . 1 ........ . 
Spiriferina campestris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ... ... . .. . . ... .... .. .. ... . . . . .. .... . . .. ... . . 
Spiriferina kentuckyensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . ... . . . . . . . . . 1 ....... .... ...... . . . . ..... ........ . 
Amboccelia planiconvexa . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . 2 . . .......... . ... . .. . .. ... ........ ... ...... .. ... ; .•. •. ..... 
Seminula subtilita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 13 8 . . . . . . .. 10 3 2 ·3 ........ . 
. Ilustedia mormoni. ........ .......... . ... ·.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . .. .... .... .... ..... . . .... ........ . 
·pugnax utah ... ... .... ..... ... ..... .. ..... . ............ . ..... . ···'·· .. ...... 2 ..... · ....................... . ..... . 
])ielasma bovidens..................... ..... .... . . .. ...... ...... ...... .. . .. . .. 1 ...... .... .. .............. ·--------

PELECYPOD A • 

. A viculopecten occidentalis .... ...... .. . ............. ' .. . .. .... . 2 ....... . ('?) 

.A vieulopecten rectila terari us .. . .... : . . . . . . . . . . . . . . . . . . . . . .... . 1 .. .. . .. .... .. ... . 1 ............ ·· · ·'··· ....... . . 

.A viculopecten ? interlineatus .. . _... .... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. 1 ....... .. ... . . ....... . . --, ..... , .. . 

.Aviculopecten pellucid us... . .............. . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . .... .... . . .. ....... ... . ... . . 
Acanthopecten carbon:iferus............... ....... . ...... ...... 4 ............... . ............. . .... ...... : . ........ . 
Streblopteria tenuilineata ........ ... ................ :. .. . . . . . . 2 .. . ...... ~....... .. .. .. .. .. .. . .. . .. .. : . ........... . 
Entolium·?sp ....................... · .................... .. , ................. _... . . .. ..... . ... . . ... ... 1 .. .. ...... .... .. . 
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TABLE XVI. - Summary table for comparing the Upper Carboniferous formational.faunas of th e San .[uan, 

Crested Butte, and L eadville and Tenmile districts--,-Continued. 

--·- .. ------ .. --... ------ -----s-~;:J~~~ -----T-c;~~~~dB-~t;;.-r--------L~;i-11~ --- -

Hermosa. ~ -· ------ Weber. ~----T·------

M:olas. Low- Mid- I u;:J weber. Maroon. Low- ' Mid- I. Up-- R~~~l- 1 Maroon . . 
er. dle. per. I er. · I dle. per. I ! 

PELECYPODA~~~~tinued . ---- ---------.. - ---.. .. . -... -•. .. ... - . -- -.- -.- ...•. .• !_-..... . -. - ~ ---- -- ~--- - ---
Allerisma terminale . .. .. · . .............. __ . . . . . . . . . . . . . . . . . . . . . · 1 

Ch~nomyaleavenworthensi s .. .. -- ------ ----- --· ... ------·· ····· ···· ------1---·- ::::1::::: ::1::::::::: 
SCAPHOPODA. I 

Dentaliumsublceve ...... . ........ . .... . ........... ------ - ·- --- --- ~ ----· t ·····---
Dentahum sp -~~~~-~~~;~~~-- .... .... _ .... .... . _. _ .. _ . . _. _ _ _ . ... _ .. _ ... _. 

1 

.. . . 

:::~~~~:~; l~~r;e::~ ~ : :::: : : : : : : : : : : : ::: : :: : : ~: : : : : I_ - - -~. : :: ::: - - - - - - - - . - . - . - - - . - - -~ ··1: : : : 
Strophostylussubovatus? ...... .................. . 

1

: ...... 1 1 ·······!·----···· 
: a~~cop:s:s alto~~-~s1s ............. .. ....... . . .. .... 

1 
.. - . . . 

1 

1 - ·_ ·_ ·_ -_ ·_ -_I·_ ·. ·. ·. -_ ·_ -_ ·_ ·. 
r a 1Copstsmontl era ... .. .. . ... .... ...... -------- ------ ~ ------

1 Wocthen!a? lamllenM. .. ... ..... ... ..... I 1 .. . .. . ... . · ... ·.. .... ' ~ 

. ~ - - . ! - .. . - - "t • - - . - . - . -

· ··· · --- 1······ ·· · 
I ··---· ·1·· ······-

··· ·· -- 1·-··· ···· 
I 

•••• ;1; •-•-: • 
1

• •• •:•!· •••• : · ~ ·; ; •••• 
. . . . . . . . . . . 1 I ............. ~ ••• 

EnphelOUO no:::::::~ r . I ' . . . . . . . . . . . . . . . . . . . . I . . . • • • • • • • • • • •• 

~~:~;;::~;;~C~U~A~EA • J 1 

• ••••• I 2
! 

l~~~~~~~~~~:~:~· •]· • ! • : 1 • ;; 

1 

j'__ [_ I Y: ·l

1

1 ill:fl_ ••r [[ 

In the above table are given the compo:;;ite faunas of the 1'lolas and of the lower, 

middle, and upper H ermosa formations in the San Juan region, of theW eber forma­
tion and of the lower member of the Maroon in the Crested Butte distnct, and of 
the lower, midd}e, and u.pper Weber, of the Roh1nson limestone, and of ·the Maroon 

formation in the Leadville and Tenmile districts. · The fauna of the RICo formation 

of the San Juan region has not been found elsewhere in Colorado, and 1t d1d not 

seem necessary to introduce it for comparison. The fauna of the upper Maromi oi 
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the Crested Butte district is not known, and tho~e of the middle '\Veber, Robinson 
limestone, and Maroon formation of the Leadville and Tenmile districts are very 

imperfectly known. 
A comparison of the sections of these three areas without the aid of paleon­

tologic evidence would indicate that the Hermosa formation, and possibly the Molas 
of the San Juan and the Weber and Maroon formations of the Crested Butte and 
Leadville districts, are in a general way equivalent . . The correctness of ~his correla­
tion is borne out by the distribution and range of species shown in the table. The 
species which characterize the lower Hermosa are present in the Crested Butte and 
L eadville districts, in the Weber formation of the one and the lower Weber or 
V\.,. eber shale of the other. The agreement in range of individual species with that . 
in the San Juan is, as might be anticipated, somewhat greater in the case of the 
Crested Butte district than in the Leadville district. This may be entirely due to 
geographic separation, or it may be partly owing to a possible mixing in the Lead­
ville collections of specimens from different geologic horizons. The evidence !or 
suspecting that this may have occurred consists in the fact that several, and in some 
cases a large' number, of different locality labels were found with single lots of · 
fossils .. 

There seems to be evidence for believing that the lowest Pennsylvanian deposits 
in the San Juan, Crested. Butte, and Leadville areas were essentially synchronous. 
It also seems to be true that essentially the sa!lle fauna occurs in the Hermosa forma­
tion of the San Juan region, the Weber and lower Maroon formations of the Crested 
Butte, and the Weber shale and Weber grits of the Leadville district. Of the fauna 
of the upper ~1aroon in the Crested Butte district and of the Maroon in the Leadville 
district we know nothing in one case and very little in the other. I have entertained 
the hypothesis that the Rico formation of the ·San Juan region is equivalent to the 
upper Maroon formation of the Crested Butte, but unfortunately no p31eontologic 
evidence exists to proye or disprove this conjecture, as has just been said. The 
Maroon formation of the Leadville district corresponds in its position in the section 
to the upper division of the Maroon in the Crested Butte. Only one determined 

species, Prodtwtus cora, is known from the Maroon formation of the Leadville area, 
!itnd it occurs in both the Hermosa and Rico formations. In the Robinson limestone, 
which is taken as the base of the Maroon formation, or as the dividing line between 
the Maroon and Weber grits, five specie~ are known: Spirifer roclcymontanus, Sqtta­
mularia perplexa, S eminula subtilita, Stroplwstylus. remex, and Belleroplwn crassus. 
Of these, Strophostylus remex is found in the Rico but not in the Hermosa, 8eminula 
subtilita a.nd Belleroplwn crassus in both .Rico and Hermosa, arid Spirifer ror.ky­
montanus and Squatnularia perplexa only in the Hermosa formation. The case stands 
then somewhat against my hypothesis, but the evidence can not be regarded as con-
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elusive, especially in view of the variation in the matter of range of.species exhibited 

in the Leadville and San Juan regions in the case of the earlier formations. 

A general comparison of the geologic column as shown in sections in Colo­
rado, U tab, and Arizona has led me to consider the existence of nonseq tie nco of sedi­
ments and life at several horizons in the Carboniferous of these areas. As indicated 
by variations in geologic sections, one of these occurs at the top of the Lead ville 
and the Ouray limestone, another between the Weber limestone and the Maroon 
formation, a third between the two divisions of the Maroon, and a fourth between 

the Maroon and Wyoming formations. The unconformity and erosion found between 
the Leadville limestone and the overlying Pennsylvanian sediments :find faunal 
expression in Colorado in a complete change of invertebrate life and in the absence 

of faunas of late Mississippian age. Another striking though not equally strong 

faunal break is found between the Hermosa and Rico formations, and is further 
borne out by the existence in Sinbads Valley of a greatly thickened series resembling 
the Hermosa, which has at its top a fauna more like the Hermosa than the Rico 

fauna, yet not entirely the same as either. As the Rico formation is supposed to 
· represent the upper Maroon a~d the Hermosa the lower Maroon, there is some 
substantial faunal evidence favorable to the third hypothetical interruption. No 

invertebratefauna is known from the Trias of Colorado, whose age is determined by 
vertebrate remains found in the San ~Juan. As I believe that the Rico fauna is not 

so young as the ~ermian, it is probable that a .long interval occurred between the 
Maroon and Wyoming sediments. The reduction in thickness of the Pennsylvanian 

portion of the Wasatch limestone from 5,4:00 feet in Utah to 1,000 feet and less in 
its supposed equivalent in Colorado, the Weber limestone, suggests that in Utah beds 

are contained in the Wasatch which are absent in Colorado. · Part of this thinning 
might be ascribed to the ascertained unconformity which preceded the Weber lime­

stone of Colorado and which can probably safely be said to be more extensive there 
than in Utah. · On the other hand, it is necessary to consider · the. possibility of an 
interruption between theW eber limestone and the Maroon series, the supposed repre­

sentative in Colorado of the Weber quartzite which succeeds the Wasatch limestone 

of Utah. It is not possible to consider here the faunas of the Wasatch limestone 
and Weber quartzite. The faunas of theW eber limestone of the Crested Butte and 

of the Weber shale of the Leadville district have an expression sufficiently 
distinctive and are sufficiently different from those above to lend some color to such 
a hypothesis, though doubtless not to prove it. But the faunal evidence tends to 
correlate the Molas and basal Hermosa formation on one hand with the Weber lime­

stone and the Weber shale, and also the persistence over most of the San tT uan of the 
limestones which occur at the base of the Hermosa affords a feature of lithologic 

correspondence. Many of the distinctive forms of the lower Hermosa are found 
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lower in the beds of the other areas, and a faunal change of about the same value 

separates it from the fauna of the middle Hermosa. This last is, however, partly due 

to the fact that the fauna of the lower Hermosa was in almost every case found at the 
base of the series, with a considerable thickness intervening; between it and the fossil­
iferous horizons of the middle Hermosa. I£ the.Weher limestone and the Maroon 

formation were not deposited consecutively, it is probable that a similar interruption 

intervened between the lower and the middle Her.mosa. This does not, however, 

seem to find support from observations in the field, and it is imp~rtant to mark that 
in a numerical expression the fauna of the lower Hermosa is but little more different 

from that of the middle than is the middle from the upper division, though certain 

features of the brachi~pod representation give it a more distinct facies. 
With regard to theage of the Pennsylvanian formations of Colorado compared 

with the better-known sections of the Mississippi Valley, I believe that the Hermosa 
formation, the Weber and the lower Maroon formations, and the Weber shale ang 
Weber grits come very early in Pennsylvanian time and are probably older than 
any beds of the Kansas and Nebraska sections. The opinion that these formations 
represent very early Pennsylvanian time is supported by the fact that a number of 

species,. as, for example, Productus gallatinensis, and especially the .Bryozoa, are 
either identical with Mississippian forms or closely related to them . . The belief that 

these formations are older than the oldest beds of the Kansas section, or at least are 

to be correlated with them, finds support not only in the sa~e facts, joined to this 

other, that apparently a long period of early Pennsylvanian time is unrepresented in 
the Kansas section, but also from the following considerations, many others similar 

to which ·could probably be mentioned. The genus 1J£eekella occurs in the Fort · 
Scott limestone (2) a almost at the base of the Kansas section, while in Colorado it is 

known at" but two localities and is not very chaTacteristic. Enteletes, which is 
abundant well down. in the Kansas section in the lola limestone (16), is not known in 

Colorado, except at one locality, Sinbads Valley, whose horizon is supposed to be in 
the Hermosa formation, but higher than any of the Hermosa beds of the San Juan 
region. Chonetes mesolobus is abundant in Colorado, but is restricted to the early · 

portion of the section in Kansas, extending no higher than the Parsons lime­
stone (6). The same is true of Chonetes jlemingi, which is abundant in Colorado, 
and though having a long range in Kansas seems to be the an ~ ecedent type of Oh. 
granulifer, which does not make its appearance until about t,he Lecompton lime­
stone (22). This species is not known in Colorado except at Sinbads Valley, where 
its horizon appears to be considerably above the top of the Hermosa formation in 

the San Juan. Productus semireticulattts var. hermosantts, which distinguishes the 
upper divisions of the Hermosa formation, is . found only in the lower portion of the 

a The numerals refer to the beds in the. general section of Upper Carboniferous rocks of Kansas. 
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Kansas section, while the variety of Product?.rs semireticulat~ts common in the Kansas 

section is not found in Colorado at all except possibly at Sin bads Valley. Product'us 
injlat'us, on the other hand, which is rather characteristic of the lower division of 

the Hermosa formation, is extremely rare in the Kansas section. The same is 

true of I~roduct1ts gallatinens£s. Sp£rife1' rockymontanus and Sp£r/:fer boonensis(?), 
which, being of the Keokuk group of spirifers, may be considered rather 

Mississippian than Penn~ylvanian types, though found abundantly in the Mis­
sissippi Valley at horizons I believe to be older than· the Kansas section, 

do not occur in the latter at all. They are abundant in Colorado, and generally 

throughout the' Rocky Mountains. S_pirifer£na campestris also, which is all but 

identical with the Missis.sippian Spiriferina spinosa, is not known in the Kansas 

section. Considerable other evidence might be adduced, but enough has been 

given to be significant. The evidence of the gasteropods and pelecypods is less 

clear, but in the main it bears out that of the brachiopods and Bryozoa, which have 

just been hastily referred to. However, as these types are less common· than the 

brachiopods, their range is less completely known, and as they are more often poorly 

preserved and more difficult to identify they are not as a :rule as practicable for 

evidence. A possible contradiction to the tendency o:f the foregoing evidence may 

exist in Pseudomonotis hawni, a single doubtful instance of which is found in the 

Hermosa formation, . while in Kansas it seems not to come in until toward the close 

of the section. Other species of Pseudomonotis, however, appear earlier, as, for 

instance, Pseudomonotis equistriata, which is present in the lola limestone (16) . It 
seems to me, however, that there is abundant •evidence to prove that the Hermosa 

formation and its correlates (except the upper portion exposed in Sin bads Valley) 

are not younger than the lower portion of the Kansas section, and that they probably 

are somewhat older. I might add that I believe this to be true of a large part of the 

Upper Carboniferous of the West, and that its more or less unfamiliar facies is often 

due to its being older than the well-known faunas of the Upper Coal Measures of 

the Mississippi Valley. 

Owing to the faunal break between the Hermosa and Rico formations. a,nd to 

other evidence already several times referred to, I believe that sedimentation was 

not continuous in the San Juan region from one period to the other. It will be 

necessary, therefore, to discuss the age of the Rico fap.na independently. ·Several 

years ago, when I think it may be said that less was knor n of the sequence in Kansas 

and Nebraska, I had occasion to consider this same question, and reached the 

conclusion that the Rico period occurred late in the fKansas section, not so late as 

the _Marion formation, but about at the time of Prosser's Neosho and Chase, the 

Permo-Carboniferous of Meek and Hayden, which hel includes with the Marion to 

constitute the " Permian" of the Mississippi Valley. t y cone] usions at that time 

' 
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were in a measure expressed by Cross and Spencer in their report upon the geology 
of the Rico Mou~tains. a Considering the Rico fauria ln the light of later ~vide~ce 
and further studies, I am disposed to think that I placed its age distinctly too late in 
'the Kansas section. 

In my early effort to correlate the Rico formation, which resulted in assigning 

. it to about the horizon of the Neosho and Chase formations of the Kansas section, 
the lines of evide-nce chiefly considered were the relative abundance of the brachio­

pods to the true Mollusca; and the range in the formations discussed by Pro~ser of 
such genera and species as seemed to have special significance. :Prosser, as is well 

known, treated only the upper portion of the Kansas section, b and the evidence of 
individual genera and species in the matter of correlation proved rather conflicting. 

Considerable weight was given the relative representation of the brachiopods, because 
their gradual disappearance seemed an important feature in the changes which 
marked the progression from the W abaunsee to the Marion fauna. I held the 
opinion at the time, however, that this ch~cumstance would be of only loc.al signifi­

cance unless it proved to be a part of the far-'- reaching vital changes that resulted in 
the extinction of nearly all the Paleozoic types of brachiopods. 

Later publications upon the earlier faunas of the Kansas section and further 
studies of my own have made it possible to reconsider the faunal evidence of the 
Rico upon a somewhat different basis, but with a result nearly as unsatisfactory. 

Except for Chonetes 1nesolobus the brachiopods of the Rico afford no evidence in 
point, for S eminula subtilita, Productus .nebraskensis, Productus cora, and Chonetes 
glaber range from botto:n to top of the Kansas series. Chonetes mesolobus, however, 
there appears not to pass beyond the Parsons limestone (No. 6). On the other 
hand, in the Sinbads Valley collection, the horizon of which is supposed to be below 

the Rico, we have characteristic Enteletes hemiplicatus, which does not appear in 
Kansas until the lola limestone (No. 16), and Chonetes gran,ulifer, which is ·first see~ 
in the Lecompton limestone (No. -22) 

Among the Rico pelecypods are a few forms whose evidence may be considered. 

Pseudmnonotis equistriata first appears in Kansas in ~he lola limestone (No. 16), 

Pseudomonotis hawni in the Eskridge shales (No. 37), and Pseu.dornonoti~ kansasens·is 
in the Garrison formation (No. 39). Myalina subquad1·ata; like Pseudomonotis equi­
striata, is introduced in-the lola (No. 16), and Bulimorpha chrysalis, like Pseudorno­
notis ha·wni, in the Eskridge shales (No. 37).c 

The absence of Bakewellia is ·to be noted in the Rico fauna, which should hardly 
be correlated with the top of the Kansas section (Marion formation); nor yet with its 

aU. S. Geol. Surv., Twenty-first Ann. Rept., pt. 2, 1900, pp.15--165. 
bJour. Geol., vol. 3, 1895, pp. 682-705 and 764-800. Geol. Soc. Am., Bull., vol. 6, 1895, pp. 29-54. Jour. Geol., vol. 5, 

1897, pp. 1-16, 148-172. Kansas Univ. Quart. , vol. 6, pp. 149-175, 1897. 
cThe range of species in the Kansas section can not be regarded as completely known, and the statements above are 

only approximations. 
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very base. I feel.little disposed to defer the evidence of other species to Chonetes 

mesolobus, though the range of the latter in Kansas is confirmed by many observa­

tions. Compromising the somewhat conflicting evidence of the Rico genera and 
species and holding in view that of the Hermosa fauna, I think that the age of the 

Rico can hardly be earlier than the lola limestone (No. 16) nor older than the Esk­
ridge shales (No. 37). I am disposed to think that its age is somewhat intermediate 

between these two limits, or about the horizon of the Deer Creek·, Hartford, and 

Howard formations, though this opinion is set down with diffidence and with a reali­
zation of the very slender evidence upon which it rests. , 

Comparison between the faunas of ·Colorado and those of the Mississippi Valley 

with a view to correlation presupposes that both areas were connected with the same 
zoological basin, so that the same faunas had access to each simultaneously. The 

occurrence in Colorado of so many species identical with those in the :Mississippi Valley 
leaves little doubt that this was the case. If land existed in Colorado during Upper 

Carboniferous time, or between Colorado and the l\Hssissippi Valley ,it cou ld hardly 

have been sufficiently extensive to form a barrier to the migration of species from 
one to the other, or to shut off either area so that it was subjected to peculiar 

conditions checking or diverting the course of faunal evolution. 



DESCRIPTIONS OF SPECIES. 
Many works dealing with the geology of Colorado contain lists of fossils varying 

In extent·and in the degree of care with which they appear to have been prepared; 

and the. evidence thus conveyed I ha~e used as far as it seemed safe and as far as it 

bore upon my subject . 

. Believing, however, that ' contradictions result from compilations of lists of 

species made by different individuals at different times, I shall employ in this por­

~ion of my discussion only such evidence in the way of collections of fossils as has 

come under my own observation. Deserving somewl-at different consideration .are 

those works o1 paleontologic rather than geologic character which carry authority 

for the identifications made in them in the shape of descriptions and illustrations of 

species. In works- of this sort the following species have been cited from Colorado: 

Eupl"emus subpapillosus, a Prismopora triangulata, b Loplwphyllum profundum var. · 

sauridens, c Margin if era muricata, a OleiothyJ·is orbicularis, e Euconispira taggarti( 
Patellostium ourayense,g Myalina mmeiform,is, 11 Sem'l"nula subtilita, i and Eumetria 
1/JOOSteri) 

Of these. citations the original material in most cases has come under my obser., 

vation and is included in the discussion of species and of . faunal evidence. The 

originals of LophophylVum profundum var. sauridens, Oleiothyris . orbicularis, and 

Seminula subtilita, however, have not come to hand. The two latter I have recog­

nized in Colorado, thoiigh not from the locality of original citation~ Loplwphyllum 
profundu?n also I have cited from the State, thc)ugh not th~ variety sauridens, which 

may, however, be included in the material referred to the central form. 

a As Bellerophon subpapillosus from northwestern Colorado. White, U. S. Geol. Geog. Surv . . Terr., Twelfth Ann: 
Rept., for 1878, pt. 1, 1880, p. 138, pl. 34, fig. 3a. · 

bAs Ptilod·ictya triangulata from Yampa Plateau, northwestern Colorado. White, op. cit., p. 131, pl. 33, figs. 3a- e. 
cAs Lophophyllump?·olijerum var. satwidens from Rock Creek, Lake County, Colo. White, U.S. Geog. Geol. Surv. 

W. lOOth Mer., Rept., vol. 4, 1877, p. 101, pl. 6, figs. 4a-d. 
dAs Prodtwtus mu1'icatns from Rock Creek, Lake County, Colo. White, U. S. Geog. Geol. Surv. W.100th Mer. , Rept .. 

vol. 4, 1877, p. 120, pl. 8, figs. 4a-;c. . . 
e As Spirigera planosulcata from Rush (probably misprint for Rock) Creek, Lake County, Colo. White, U. S. Geog. 

Geol. Surv. vV. lOOth Mer., Rept., VOL 4, 1877, p. 143, pl. 10, figs. 5a-d. 
f As Pleurotomaria taggarti from near Horseshoe Mountain, South Park, Colorado. Meek, U.S, Geol. Geog. Surv. 

Terr., [Seventh] Ann. Rept., for 1873, J.874, p. 231. 
gAs Bellerophon oumyensis from Ouray, Colo. Gur ley, ~ew Carb. Foss., Bull. No.2, 1884, p. 8. 
h From Ouray, Colo. Gurley, New Carb. Foss., Bull. No. 1, 1884, p. 4. 
lAs Athyris subtilita from the Sierra la Plata. Newberry, U.S. Expl. Exped. from Santa Fe to Grand and Greeri 

rivers, 1876, p.·138. 
j As Retzia woosteri from 18 miles north of Greeley; White, U. S. Geol. Geog. Surv Terr. , Bull., vol. 5, 1879; p. 215. 
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MISSISSIPPIAN SPECIES. 

PROTOZOA. 

ln the Aspen monograph Spurr cites a a number of foraminiferal genera from the 

upper portion· of the Leadville limestone of that region. These as determined by 

Nlr. Bagg include EndotAyra sp., Nodosinella sp. near N. priscilla Dawson, Texttt­
laria sp. similar to T. gibbosa, Bigenerina sp., Valvttlina sp. ~ and Lagena sp. near 

L. parkerina. 
It is of interest to find so large and varied a fauna of this character in the lVlio­

sissippian, and it may be mentioned in this connection that in 1899 I cited a small 

variety of Endotl~yra in a similar faunal association from the Madison limestone of 

YellowstoL1e National Park. 

None of the fossils mentioned by Spurr have come under my observation. 

Locality and horizon.-Leadville limestone; At?pen~ Colo. 

C<:ELENTER.AT.A. 

ZAPHRENTIS Rafinesque, 1820. 

ZAPHRENTIS TANTILLA Miller. 

1891. Zaphrentis ta.ntilla. Miller, Adv. Sheets Geol. Surv. Indiana, 17th Rept., p. 11, pl. 1, figs. 23, 24. 

Chouteau limestone: Near Sedalia, Mp. 

1892. Za.phrentis ta.ntilla. 1\'Iiller, Geol. Surv. Indi,ana, 17th Rept., p. 621, pl. 1, figs. 23, 24. 

Chouteau limestone: Near Sedalia! Mo. 

1895. Za.phrentis tantilla. Keyes, Missouri Geol. Surv., vol. 4, p. 111. (Date of imprint, 1894.) 

Kinderhook limestone: Sedalia, Mo. 

Burlington limestone: Louisiana and Hannibal, Mo. 

These pretty little corals seem to be nearer to a form from the Chouteau lime­

stone to which ~liller gave the name Zctphren.tis tantilla than to any other of our 

American species. 

In shape they are conical, elongate, moderately curved. A few constrictions 

of growth can sometimes be observed~ but usually the form is smooth and tapering. 

Externally this species is distinguished by its small size and its regular .and slender 

shape. It scarcely ever attains a diameter of over 10 mm., and more often it is only 

5 or 6 mm. The greatest obse~·ved length is 17 mm., and in thi.s instance the diam­

eter was only about 7 mm. In an example of 10 mm. diameter there are about 32 

primary septa whose expanded inner ends unite to form a thick wall about the rather 

large fossula. The latter is centrally situated, but extends to the corallum wall and 

contains at least one septum. The septa are thickened at their outer ends also and 

cemented into a massive stereoplasmic wail. The thickened ends and the free inter-

aU. S. Geol. Surv., Mon., vol. 31, 1898, p. 29. 
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mediate portion divide each septum into three nearly. equal parts. Embedded ii?- the 
thick outer wall appear to be small secondary septa, but these do not project into 
the central cavity. There are a few dissepimental plates developed. 

It will be Tecalled that Z. tantilla has 24 septa at a diameter of 0.1 inch, but in 
a larger specimen there are said to be 30. In this respect, therefore, the Colorado 
form is fairly representahve, but it may show some difference in the character of 
.the fossula and in the matter of the secondary septa. 

Locality and lwriz(ln.-San Juan region (stations 2379, 2384); Ouray limestone. 
Crested Butte district (stations 2351, 2352, 2353, 2355,_ 2358); Leadville limestone. 

ZAPHRENTIS '~ sp. a. 

I am prevented by the fragmentary character and small amount of the matedal 
representing this species from identifying or giving a full description of it.. The 

· shape is elongate conical and the curvature slight. It is sometimes marked by strong 
concentric furrows. The largest fragment seen measures over 30 mm. in diameter. 
There are from 40 to 50 septa, which are of equal length and reach nearly,. though 
probably not quite, to the center. Their inner portions are thick, but nea:r the periph­
ery they suddenly become more slender. At this point also they are usually united 
by sheet~ o.f massive dissepimental tissue which, appearing nearly simultaneously, form 
a more or less continuous circular wall. Between this and. the epitheca, which is thin ~ 
and ~elicate, the septa and dissepiments are also thin. Dissepimental tissue is fairly 
abundant. The fossula is strongly marked, though not larg·e. In one in.stance at least 

it seems to be, completely surrounded by the bent ends of the adjacent septa, and it 
usually c.ontain·s one or two of the septa within it. The effect of the ~tructures above 
des~ribed is to produce two ~ones, the inner one characterized by the massive nature 
of its structutes; the other by their delicacy. As a result,- the outer zone is often 
more or less bro~en away. Spedmens occur in three condition~, some being entire, 
some retaining only, the mass:ive central portion,- about which in others a more or less 
incomplete zone of . the finer tissue without ' its o~ter wall . is preserved. In fac , in. 
one specimen all three states can be observed. Where only -the inner zone remains 
(a condition in which it might easily be mistaken for a complete coral), a fyee specimen 
is seen to be cover~d with numerous saucer-shaped facets or, as it were, inverted 
blisters. 

I can hardly think that this coral is a proper representative of Zaphrentis, but am _ 
uncertain where to refer it. It has points in common with Oampoph;yUum and is 
possibly related to that genus. ·· · -

Locality and horizon.-San Juan region (stations 2379, 2381); Ouray limestone. 
Crested Butte district (stations 2352, 2353); Leadville limestone. Aspen district 
(stations 2362, 2363); Leadville limestone. 

l . 

'· -
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ZAPHRENTIS? sp. b. 

At Leadville (station 2S74) occurs a form which is certainly a zaphrentoid coral, 

but regarding whose affinities it is impossible to affirm anything definite, so little in 

the way of structure, beyond the mere presence of septa, being discernible. In 

general form these corals are nearly straight and exhibit extreme inequalities of 

growth; The greatet:~t diameter found in our material is 12 mm., and the length 

must have been 30 mm. or more. The number of septa I · have not been able to 

ascertain. 

Locality and horizon.-Leadville district (station 2374); Leadville limestone. 

ZA PHRENTIS? sp. C. 

This is the .Axophyllum rudis of White. a As the impression is that of the out­

side of the corallum, preserving only the shape, neither the genus nor the species 

can be ascertained. 

Locality and h,orizon.-Pebbles of Millsap limestone(?) in the Red Beds con­

glomerate, Larimer County (station 2364) . 

. MENOPHYLLUM Milne Edwards and Haime, 1850. 

:NlENOPHYLLUM ULRICHANU:M: n. sp. 

Pl. I, figs. 1, 2. 

1900. Streptelasma sp. (pars) Girty, U. S. Geol. Surv., Twentieth Ann. Rept., pt. 2, p. 38. 

Ouray limestone: Durango quadrangle (not Crested Butte region), Colorado. 

At several localities in the Mississippian strata of southwestern Colorado a well­

characterized zaphrentoid coral oecurs in considerable abundance. A somewhat 

careful search amongst our series of American forms has only led to the conviction 

that the species is as yet an undescribed one. Its generic affinities seem to be dearly 

with the genus Menophyllum. Several years ago I deseribP-d from Yellowstone 

National Park a species of Menophyllum whose horizon can not be far difi'erent from 

that to which the Colorado specimens belong. JJfenophyllum excavat~tm is, up to the 

present, the only member of the genus known from American strata; nevertheless, the 

descriptions of some of the forms referred to Zaphrentis are such as to warrant the 

suspicion that they really belong to the less common type. J1fenophyllum ulrichanum .. 
differs from M. excavatum, as it differs from most of the American species of 

Zaphrentis, in the large number of its septa. With due consideration to its smaller 

size, it may be said to rival in this regard Zaphrentis multilamella, Z. stansbw·yi, 
and Z. excentrica, all which forms, it will be remembered, are peculiar to our Rocky 

Mountain faunas. 

aU. S. Geol. Geog. Surv. 'l'err., Bull., vol. 5, 1879, p. 215. 
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_ Menophyllum ulrichan'um may be described as follows: Corallum· simple, tur­
binate,, small, rapidly expanding, and rather strongly curved. Marked by _numerous 
irregularities of growth, resulting in concentric expansions and constriotion.l:l. The 

principal septa are thin and about 48 in number. There are smaller A~condary septa 

alternating with them, which are, however, not to be observed below ~he calice. 
The septa below the calyce are so thickened with stereoplasma as to form a nearly 
solid mast', and the constituent rayl:l on this account can· there sca~cely be counted. 

DissepimeJ?tal tissue and tabulre appear to be entirely wanting. The principal 
fol::lsette is large and joins the convex side of the corallum. The secondary fossul re 
~:re much smaller, but the tripartite arrangement of the ' septa is a distinctly marked. 
character. ·There are 13 principal septa in the divisions on either side of the 

principal fossette and 22 in the division directly ·opposite it. The numbers here 
given, as· well as the total number cited above, are deTived from the calyCinal cast 

figured on Plate I. In other examples of no greater size ·the nm~ber of septa 
developed, both p~imary and secondary, is fully one-.foqrth greater than in this 
example. There seems to have been a solid ( ~), elevated, concentric platform: in _ 

the cent~r of the calice into which the principal fossula was deeply and strongly 
excavated. The corallum walls on the -inside between the septa seem to have had a 

finely and rft.ularly pitted surface, as is seen from the pustulose edges of a siliceous 
. internal cast (fig. 2) of the calice. of a specimen belonging to this species. 

M. ulrichanum is smaller than· M. ewcavatum, more rapiqly expanding and more 

strongly curved. It also differs in. the much greater number of its principal septa. 
Simpson h~s recently described two genera of Zaphrentoid corals which appear 

to be '?losely allied to Menophyllmm. I refer to Meniscophyllum and TriplophyllUrm . 
The resemblance is so strong, in fact, as to suggest that the hitter, if not the former, 

· is a synonym for Edwards and Hairne's· genus. ). 
1 avail myself of · ·this opportunity to rectify an error- into which 1 fell in the 

course of describing the Devonian fauna of the Ouray limestone, the .only one which 

it was at that time known to contain. 
Corals were obtained from the Ouray limestone at two stations. At one of 

these in the Crested Butte quadrangle (Gunnison 145a) they were found associated 
with the characteristic Ouray fa.una. The other station was 'in the Durango. quad­
rangle ·and .the horizon occurred at the top of the Ouray limestone. In this · case 

these fossils were found by themselves, unassociated with other species. Not know­
ing at that time that the upper portion of the Ouray limestone, locally at least, repre- . 

sented Mississippian time and contained a characte!istic fauna of that age, I included 
these fossilt:J in the' Ouray fauna. I furthermore included those from both ~oealities 

under a single heading as S treptelasma sp., failing to observe differences which are 
clearly seen on reexamination. The specimens from the top of . the Ouray fi·om the 
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locality on the east side of the Animas River, then called Durango 286, but now cited 

as station 2388, can be referred with little doubt to the species just described as 
.Menophyllum ulricAanum. 

The brief description accompanying the title Streptelasina sp., while based mainly 

upon the coral belonging to .Menophyllum ulJ·ichanttm, unfortunately includes char­
acters possessed by both species, and as a whole it will apply to neither. The only 

feature recorded from the Devonian form is that of the. septa meeting in the center 
and being twisted. The other. form possesses the characters of M. ttlr·ichanum as 
cited above. The number of septa is greater than in the specimen figured on Pl. I, 
but it is not gTeater than in other characteristic examples. The number cited in the . 
earlier reference is from 60 to 64, and there is an almost equal nuin.ber of secondary 

septa. 
The Devonian species is a larger and more slender form with perhaps 34 septa 

which are· differently arranged from those of M. ·ulrichanum. Dissepimental tissue 
and tabulre are developed in moderate degree. This form would, I believe, .better be 

placed with Zaphrentis. 
Locality and horizon.-San Juari region (stations 23'79, 2382, 2384, 2386, 2388); 

Ouray limestone. 

SYRINGOPORA Goldfuss, 1826 .. 

SYRINGOPORA ACULEATA Girty .. 

1899. Sy1-ingopora aculeata. Girty, U. S. Geol. Surv., Mon., vol. '32, pt. 2, p. 509, pl. 67, figs. 5a, 5b. 

M~dison limestone: Yellowstone National Park . 
.. 

The material presented does not retain its structures ·for satisfactory study, but 

in the size of the corallities; mode of growth, and such few characters as are' avail­

able, the fossils fron1 Colorado agree with the type~. 
Locality and horizon.~Crested Butte district (station 2359); Leadville lime­

stone. Aspen district (station 2363); Leadville limestone. Salida region (station 
2260); Leadville limestone. 

SYRINGOPORA SURCULARIA Girty. 

1899. Syringopora surcularia. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 510, pl. 67, figs. 4a, 4b. 

Madison limestone: Yellowstone National Park. 

Several large fragments of this form were collected at Salida (station 2358) and 
a small one at Crested Butte (station 2360). The structures in both cases a.repoorly 

preserved, but the specimens probably belong to the species cited above. 

A specimen from the Rico reg~on (station 2381) referred to S. surcularia occur~ 
as external casts in chert. The corallites have a diameter of about 2. 5 mm., and 
much resemble those of S. surm.~;laria, but of course, strictly speaking, they are 

14364-No. 16-03--18 
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indeterminable. The surface is shown to he prettily marked with delicate growth 
lines. 

Possibly the fossil referred to among the Upper Carboniferous forms as Syrin­
gopora sp. belongs to 8. sitrcularia. 

Locality and horizon.-San Juan region (station 2381); Ouray limestone. 
Crested Butte district (station 2358); Leadville limestone. Salida region (station 
2260); Leadville limestone. 

ECHINODERMATA. 

RHODOCRINUS Miller, 1821. 

RHODOCRINUS sp. 

Although the stems . and plates of crinoids are by no means rare in the Lower 
Carboniferous limestones and cherts of the SanJuan region, only a single _complete 
specimen has come to hand. This wa~ obtained from a locality in the Engineer 
Mountain quadrangle and probably belongs to the genus Rlwdocrinus. ·It is pre­
served ·as a cast (external and internal), but the definition of the plates is pootly 
shown, and their number and arrangement has not been made out. I have been 
unable to ascertain the exact specific relationship of this crinoid, but it appears to 
belong in the same group as Rh. kirbyi. The height is about 14 mm. and the diam­
eter 11 mm. The general shape was. cylindrical, the base and top being nearly flat, 
and the lateral surfaces no~mal to them. The lateral and upper surfaces were orna- . , 
mented with knobs and prominent protuberances. 

Locality and horizon.-San Juan region (station 2382); Ouray limestone. 

PLATYCRINUS Miller, 1821. 

PLATYCRINUS sp. 

In the Engineer Mountain quadrangle (stations 2382 and 2385) occur several 
convex subpyramidal plates, the largest having a diameter of 10 mm., which are 
probably the basal plates of some unidentified. species of Platycrinus . . · 

Locality and horizon.-San Juan region (stations 2382 and ~384); Ouray lime­
stone. 

BRYOZOA. 

FENESTELLA Lonsdale, 1839. 

FENESTELLA sp. 

Portions of fronds of fenestelloid bryozoa are not uncommon in the material 
collected in the San Juan region. They are, however, fragmentary and poorly 
preserved. At least three forms have been discriminated, and though I have not 
ventured to identify them definitely, the species are mentioned with which they seem 
to be nearly related. 
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One of these, which occurs at station 2382 and probably also at station 2385, is 

allied to 1!--: serratula Ulrich. It is characterized by its regular, fine mesh, and in 

this regard has about the proportions of the latter species, but seems to differ in 

having the disst>piments nearly as large as the branches, and not depressed, as they 

are represented in the figures of the type specimens. The fenestrules are subrec­

tangular and somewhat longer than wide. The reverse side is covered with strongly 

elevated pustules on both branches and . dissepiments. There are from 5 to 6 zorecia 

opposite two fenestrules . 

Another form, one whose closest allies I am unable to point out, is found at sta­

tion 2382, and probably also u.t station 2386, where it is abundant. The branches 

divide frequently so that the fenestrules are of unequal size. Their shape is ellipti­

cal, with length about twice the breadth, to nearly circular. There are a bout 11 in 

the space of 10 mm. The dissepiments are nearly as wide as the branche~ them­

selves , and both seem to lack ornamentation of any kind. The zocecia are small and 

numerous, about 4 occurring opposite each fenestrule. When compared with the 

species last described, this one is larger and coarser, without the pustules with which 

the surface of the other is covered, -and with oomparatively smaller and more 

numerous zocecia. 

There· is also a third species which seems ~o be intermediate between F. lirnitar-is 
and l!~ filistriata. It is represented by an external cast of the reverse side, which 

shows the surface to be ornamented with delicate but sharp strire. The fenestrules 

are rectangular in shape, three or four times as long as wide, and with some 8 or 9 

in a space of 10 mm. The Jissepiments are much more slender than the branches. 

This species also occurs at station 2382. 

Locality and lwrizon.-San Juan region; Ouray limestone. 

BATOSTOMELLA Ulrich, 1890. 

BATOSTOMELLA sp. 

In the San Juan region a few imperfect specimens were obtained which probably 

can be referred .to the genus Batostomella. The material is so poor that no specific 

identification is suggested. 

Locality and lwrizon.-San Juan region (station 2382); Ouray limestone. 

FISTULIPORA McCoy, 1849. 

FISTULIPORA? sp. 

From the cherts at station 2382 in the San Juan region a specimen was 'obtained . 

showing, as u.n external cast, a large ramose zoarium of what was probably a fistuli­

poroid bryozoan. It i~ of course indeterminable. 

Locality and horizon. -San Juan region (station 2382); Ouray limestone. 
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BRACHIOPODA. 

RHIPIDO~fELL A. Oehlert, 1891. 

RHIPIDOMELLA PULCHELT,A Herrick. 

1888. Orthis vanuxemi var. pulchellus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 38, pl: 5, fig. 9. 

Waverly group: Licking County, Ohio. 

1895. Orthis vanuxem·i var. gracilis. Herrick, Geol. Surv. Ohio, Rept., vol. 7, pl. 21, fig. 9. 

Kinderhook: Granville, Ohio. 

1899. Rhipidomella michelini. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 521. 

Madison limestone: Yellowstone National Park. 

This is a small, poorly characterized form, not materially different from several 
other representatives of the genus, and it may perhaps include what are only small 

or immature examples of some of the larger species such aa Rh. o.w(!ni. 'All of 

my specimens, however, are small, rarely exceeding 15 mm. in greatest diameter. 
They are often somewhat transverse. The striation is very fine (about 20 strire' in 

the space of 5 mm.) and appears to be tubulose and spinose. A form which is 
believed to be the same occurs in the Madison limestone of Yellow:stone National 

Park, and I at one time identified it as Rh. michelini. A similar and probably 

identical species is found in the Cuyahoga shale of . northern Ohio, arid to a closely 
related, if not identical form, occurring at a somewhat higher horizon in central Ohio, 
Herrick has given the name Orthis vanumerni var. pulchella, which I have adopted 
for the Colorado form under discussion. 

Locality and hor?~zon:~san Juan region (stations 2379, 2382, 2384, ~385); Ouray 

limestone. Crested Butte district (station 2358); Leadvill.e limestone. 

ORTHOTHETES Fischer. de W aldheim, 1829. 

0RTHOTHETES IN1EQUALIS Hall. 

1858. Orthis inequalis. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p, 490, pl. 2, figs. 6a-c. 

Chemung group: Burlington, Iowa. 

1865. Streptorhynchus inequali.s. Winchell, Acad. Nat. Sci. Philadelphia, Proe., p. 117. 

Marshall group: Weymouth, Medina County, Ohio, 80 feet below congiomerate. 

1870. H emipronites inequalis: Winchell, Am. Phil. Soc., Proc., vol. 11, p. 251. 

Waverly group: Newark and Granville, Ohio; near Shafers, Pa. 

. I 

1877. Streptorhynchns equivalvis. Hall and W'hitfield, U . S. Geol. Expl. 40th Par., Rept., vol. 4, p. 252, 

pl. 4, figs. 1, 2. 

·waverly group: Ogden and Logan canyons, Utah. .. . 

1883. Streptorhynchus lEquivaLvis. Hall, Rept. New York State Geol. for 1882, pl. ( llA) 42, figs. 20-23. 

Waverly group: Burlington, Iowa. 

1892. Orthotb,etes inl£qualis. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 9A, figs. 20- 23. 

Kinderhook group.: Burlington, Iowa. 
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1899. Ort7wthe1Rs ,'ma:qualis. Girty1 tJ. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 522, pl. 68, fig. 3a. 

~fadison limestvne: Yellowstone National Park. 

1900. Orthothete8 inxqualis. ~Weller, Acad. ScL St. Louis, Trans., vol. 10, p: 66, pl. 1, :fig. 18. 

Chonopectus sandstone: Burlington, Iowa. 
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1901. Ortlwthetes inxq,ualis. Weller, Acad. Sci. St. Louis, . Trans., vol. 11, p. 159, pl. 14, figs. 16-18. 

Kinderhook: Bed 4, Burlington, Iowa. 

1901. Orthothetes ina:qualis.~. Weller, Acad. Sci. St. Louis, Trans., vol. 11, p. 195, pl. 19, :fig. 9. 

Kinderhook: Bed 7, Burlington, Iowa. 

The material representing· Ortlwtlwtes in the San tTuan region, recently added to 

our collections, far e~ceed:3 in qu~ntity all that had been previously obtain d from 

other portions of the Stat€, and of course, though often fragmentary, offer . a much 

more complete presentation of the specific characters. I believe that I a safe in 
referring all of this rnaterial to the same species. Nevertheless, because of i s scanty 

repret~entation in all the areas but one, each set .of specimens will be co sidered 

separately . 

In the San Juan region, as just intimated, the form seems to be rather lentiful 

at a number of localities. I feel little hesitation in expressing the opinio 1 that it. 

is the same species which, in studying the fauna of the Madison limes one (of 

Yellowstone Park) I referred to Orthothetes inmqualis. . The form is of medi m size, 

transversely semicircular, with subquad.rate eardinal angles. The dorsal valve is 

moderately inflated, the ventral slightly concave or nearly plane. 

which is not very high, makes a more or less aeute angle with the general s rface of 

the valve. The ventral beak is small and ill defined, but produces in the cardinal 

outline a broadly obtuse-angular shape. The surface is crossed by numer 

slender radiating strioo, .the spaces between which, considerably wider 

elevations themselves, are traversed by delicate concentric .strioo. The adiating 
strioo vary considerably in coarseness, but usually show a pretty regular alt rnating 
inequality, especially on the lower areas of the shell. The number of strioo aries in 

different individuals from 9 to 14 in 5 mm., depending somewhat upon the p rt of the 

shell in which the measurement is taken. The same range of variation occurs i Yell ow­
stone Park, and as it ean frequentl}r be found at one locality with the inte ·mediate 

conditions abundantly represented, this character does not, in :iny judgment, urnish a 

&atisfactory basis for subdivision into species or ev~n varieties in this case. In the 
matter of size a transverse diameter of 40 mm., though not infrequent, is a 

average. 
From the Crested Butte region there is only a single Hpecirnen, an i perfect 

external cast of a ventral valve. It differs from characteristic specimens o Derbya 

crassa in being much larger and having the striation finer and somewhat I ss alter~ 
nating-. . It agrees in all the characters preserved with Orthothetes inmq1.tali as seen 

in specimens from the Madison limestone. 

I 
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The only specimen observed in the Leadville region consists of an imperfect 
external cast of a ventral valve. The generic position of this shell can not of course be 
exactly determined. Comparing the surface ornamentation with that of Derbya crassa, 

it is seen to be more finely striate; the strirn are not so strikingly alternating, aud 
seem not to be crossed by strong concfmtric crenulations. So far as these characters 
are exhibited, it agre~s with the shell from the Crested Butte region (station 2356) 
identified as Ortlwthetes inmqualis, and it may readily belong to the same species. 

·The conformation of the valve is similar to that of Derbya kaskaskierisis, but the 
striation is finer and less alternating than in the prevailing form of the Chester 
species. I can discover no intrinsic reason for holding it separate from the other 
forms referred to Orthothetes inmqualis. 

The only specimen representing this species from the Larimer County locality 
(station 2364;) is an impression of .. an internal cast of the dorsal va-lve. It cari not, of 
course, be determined whether -this form is an Orthothetes or a Derby a. As far as 
the material permits one to judge, it might be referred with almost equal propriety 
to either Orthothetes inmqualis or Derbya ka8kask1:ensis. Derbya crassa, with which 

· White a identifies it, is distinguished from the Mississippian species just mentioned, 
among other differences, by the character of the concentric crenulations, which 
are stronger and more crowded. This feature, however; is not preserved in the . 
jmpression before me, but there is a marked difference between the internal 
structural characters shown by this impression and those possessed by the specimens 
of _D. crassa, whic? are illustrated by Meekb and by White,c It seems improbable, 
therefore, that this impression is that of a specimen of Derbya crassa, and as it does 
not differ materially from characteristic representatives of Orthothetes inmqualis from 
_the Rico region and from Yellowstone National Park, I have referred it provisionally 
to that species. 

Our material from Canyon consists of two small internal casts, both probably of 
dorsal valves. If a D erbya, they would. probably be nearest related to the common 
D. crassa, but the hinge plate, the impression of which is retainedin the better 
specimen, is less powerful and somewhat differently formed. In this particular it is 
similar to the impression from Larimer County (station 2364), but · it is more finely 
striated and much sma~ler. In its size, which is but 18 mm. in transverse _ diameter, 
shape, and su.rface characters, though imperfectly sho'wn, this forr;n rather strongly 
recalls Orthothetes lens, but here again the cardi-nai structu~es are in disagreement, 
chiefly in the matter of the socket plates, which are nearly parallel to the cardinal 
line in one case, but which in typical 0. lens are directed to it D:t an angle of about 
45° . On the whole it seems less likely that this form is a Derbya and related to D. 

aU. S. Geol. Geog. Surv. Terr., Bull., vol. 5, 1879,p. 215. 
bU. S. Geol. Surv. Nebraska, etc., 1872, pl. 5, fig. lOb. 
cindiana, Dept. Geol. Nat. Hist., Thirteenth Rept. , 1884, -pl. 26, figs. 9, 11. 
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crassa and D. kaskaskiensis than that it is allied to Ortlwthetes inmqualis, a 
prepared to believe that it is probably conspeci:fic with the strophomenoids f om the 

Rico, Crested Butte, and other areas. 

Locality and horizon.-San ~Juan region (stations 2379, 2381, 2382, 238 , 2385); 
Ouray limestone. Crested Butte district (station 2356); Leadville limestone. Lead­

ville district (station 2377 n; Leadville limestone. Canyon (station 2366 ?) ; Millsap 

limestone. Castle Rock quadrangle (station 2367?); Millsap limestone. Pebbles 
of Millsap limestone ( ?) in the Red Beds conglomerate, Larimer County (station 

2364). 

CHONETES Fischer de W aldheim, 1830. 

CHONETES ILLINOISENSIS Worthen. 

1858. Chonetes logani. Hall, Geol. Surv. I <{wa, vol. 1, pt. 2, p. 598, pl. 12, figs. 1a-e, 2. (No C. logani 

N. and P., 1855.) 

Burlington limestone: Burlington, Iowa; Quincy, Ill. 

1860. Chonetes illinoisensis. Worthen, A cad. Sci. St. Louis, Trans. , vol. 1, p. 571. 

Crinoidal Mountain limestone: Quincy, Ill. 

1863. Chonetes illinoisensis. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 5. 

Yellow sandstone and Burlington limestone: Burlington, Iowa. 

1865. Chortetes illinoi.~ensis. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p . 116. 

Marshall group: Rockford, Ind.; Licking County, Ohio. 

Burlington limestone: Burlington, Iowa. 

1868. Chonetes illinoisensis. Meek and Worthen, Geol. Surv. IllinOis, Rept., vol. 3, p. 505, pl. 15, 

figs. 8a, b. 

Burlington limestone: Jersey County, Ill.; Burlington, Iowa . . 

Kinderhook group; vVassonville, Iowa. 

1870. Chonetes illirioisensis. vVinchell, Am. Phil. Soc., Proc., vol. 11, p. 251. 

Waverly group: Rockville, Ohio. 

1877. Chonetes loganensis. Hall and Whitfield, U.S. Geol. Expl. 40th Par., Rept., vol. 4, p. 253, pl. 4, 

fig. 9. 

Waverly group: Logan Canyon, Wasatch Range, Utah. 

1888. Chanetes illinoisensis. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 35, pl. 3, fig. 21. 

\Vaverly group: Licking County, Ohio. 

1890. Chonetes illinoisensis. Herrick, Geol. Soc. Am., Bull., vol. 2, p. 48, pl. 1, fig. 16. 

Keokuk: Scioto County, Ohio. 

1895. Chonetes illinoisensis. Keyes, Missouri Geol. Surv., vol. 5, p. 53. (Date of imprint, 1894.) 

Lower Burlington limestone: Louisiana and Ash Grove, Mo. 

1899. Chonetes illinoisensis. Weller, A cad. Sci. St. Louis, Trans., vol. 9, p. 15, pl. 4, fig. 10. 

Vermicular sandstone : Northview, Webster County, Mo. 

1899. Chonetes loganensis. Girty, U. S. Geol. Surv., Mon., voL 32, pt. 2, p. 525, pl. 68, figs. 5a to 5c. 
Madison limestone: Yellowstone National Park. 

1900. Chonetes illinoisensis. Weller, Acad. Sci. St. Louis, 'l'rans., vol. 10, p . 67, pl. 1, fig. 14 .. . 
Chonopectus sandstone: Burlington, Iowa. 

1901. Chonetes sp. cf. C. illinoisensis. Weller, Acad. Sci. St. Louis, Trans., vol. 11, p. 151. 
Kinderhook: Bed 3, Burlington, Jo,.va. 
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In a discussion of 01". logan~nsis · based upon specimens from the Madison lime.­

stone of Yellowstone Park, I called attention to the almost exact correspondence 

between that species and one which had previously been described under the name 

of Oh. illinoisensis, but nevertheless retained Hall and vVhitfield's name. I had 

not, nor have I now, any doubt of the identity of these two spe<?ies, and have here 

definitely thrown into synonymy the name proposed for the Utah representatives. 

The material from Colorado, though not very plentiful or well preserved, is 

referred to this species with considerable confidence. 

Locality and horizon. -San Juan region (stations 2379, 2381); Ouray limestone. 

PRODUCTELLA Hall, 1867. 

PRODUCTELLA CONCENTRICA Hall . . 

1857. Productus coricentricus. Hall, New York State Cab. Nat. Hist., lOth Rept., p. 180. 

Chemung sandstone : Burlington, Iowa. 

·. 1858 .. Productus shuma.rdianus (pars). Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 499, pl. 7, fig. 1 (not 

pl. 3, fig. 9). 

Chemung group: · Burlington, Iowa. 

1858. Prodttctus concentricus. Hall, Geol. Surv., Iowa, vol. 1, pt. 2, p. 517, pl. 7, fig. 3. 

Chemung group: Burlington, Iowa. 

1860. Productus cooperensis: Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 640. 

Chouteau limestone: Cooper County, Mo. 

1862. Producta concentrica. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 411. 

Marshall group: Pointe AU:x Barques, Mich. 

1865. Producta concentrica. Winchell, Acad. Na,t. Sci. Philadelphia, Proc., p. 114; , 

Marshall group: Northern and southern Michigan; Burlington, Iowa; Rockford, Ind. 

1865. Producta cooperensis. Winchell, Acad. Nat.' Sci. Philadelphia, Proc., p. 115 (not Winchell, 1870). 

Bed No. 1: Burlington, Iowa. 

186~. Producta concentrica. Winchell, Safford's Geol. Tennessee, p. 443. 

Shales just above Black Shale: ' Hickman and Maury counties, Tennessee. 

1870. Producta concentrica. Winchell, Am. Phil. Soc.-, Proc., vol. 11, p. 249. 

Waverly group: Tennessee; Sciotoville, Ohio. 

1883. Productella shumardiana. Han; Rept. New York StateGeol. for.J882, pl. (17) 48, fig. 7. 

Sandstone: Burlington, Iowa. 

1888. Productus concentricus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 33, pl. 6, fig. 1,6. 

-Waverly group: Licking County, Ohio. 

1888. Producttt;B (Productella) shumardianus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 32_, pl. 

7, fig. 18; pl. 12, figs. 6, 43. 

Waverly group: Licking County, Ohio. 

1892. I!roductella shumardiana. Hall and Clarke, Pal. New York, voi. 8,' pt. 1, pl. 17, fi~. 7. 

Yellow sandstone: Burlington.; ·Iowa. 

1899. Productella concentrica? Weller, Ae:~ . Sci. St. Louis, Trans., vol. 9, p. 17. 
Vermicular sandstone: Northview, ·yv -:: ;f.: :.:..:- County, Mo. 
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1899. Productella cooperens·is. Girty, U. S. Geol. Surv., Mon., ·vol. 32, pt. 2, p. 528, pl. 68, figs. 8a-8t:, 

9a, 9b. 

Madison limestone: Yellowstone National Park. 

1901. Productella concentr.ica. Weller, Acad. Sci. St. Louis, Trans., vol. 11, p. 184, pl. 16, figs. 12-14. 

Kinderhook: Bed 6, Burlington, Iowa. 

There are but two specimens in our collections from Colorado which represent 

this species, both of them small and imperfect. They are not referred without reser­

vation to Productella concentr·-ica, for lack of conclusive evidence, but at the same time 

I know of no reason for mistrusting the identification. 

In discussing the synonymy of this species in 1896 I expressed the opinion that 

Productella shumwrdiana and P. concentr1:ca are distinct, but that the former is pi·ob­

ably identical with P. pywidata. Some . ambiguity is probably introduced into this 

utterance, and into those of Winchell and IIerrick as well, from the fact that under 

the name Product~ts sl1.umardian~ts two species were probably included by Hall. One 

e>f these is represented by . fig,ure 9 of plate 3 among the Hamilton fossils and the 

other by figure 2 of plate 7 among those of Chemung age. The former was obtained 

from Clarksville, Mo., and the latter from Burlington., Iowa. · It matters not that 

Hall was in error in regard to the age of these fossils. They came from very differ­

ent localities and from somewhat different horizons. In· the case that these two forms 

thus differently derived are, as an inspection of the figures would lead one to believe, 

specifically different, I propose to restrict the name P. sl~umardiana to the Clarks· 

ville form, which is the first figured in the plates and the first mentioned in the text. 

With the disposition of P. shunwrdiana, whether it is retained as a distinct form or 

is plaeed in the synonymy of P. pywidata or of P. suoalatct, I am not now concerned. 

I believe, however, that the Burlington form. of P. sk1.tmardiana is only a dorsal valve 

of a species which is described from the same place under the name of P. concentrica. 
This conclusion is m~e which can ·be absolutely vindicated only by a comparison of 

the types themselves. The collateral evidence, however, seems to me all but con­

vincing, since in one case we have specimens from different localities and different 

horizons which excellent figures show to be different and in the other specimens from 

the same locality and the same horizon which excellent figures show to be the same. 

The opinion is still entertained that P. cooperensis is a synonym for P. concentrica 
and that 'Vinchell's identification of it from Sciotoville is based upon a distinct though 

related species. 

Locality and horizon.-San Juan region (station 2379); Ouray limestone. 
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PRODUCTUS Sowerby, 1814. 

PRODUCTUS SEMIRETICULATUS var. 

1847. Productus semireticulatus (pars). De Koninck, Monog. du Gen. Prod. et Chon., p. 83, pl. 8, figs. 

la-h; pl. 9, figs. la-m; pl. -10, figs. la-d. 

Carboniferous: Harrisville, Bagdad, Cuyahoga,· zanesville, Flint Ridge, Greensburg? and Antrim_, 

Ohio; near Louisville, Ky.; near St. Louis and St. Charles, Mo.; Leavenworth, on the Mis­

souri River; Long Creek, Crawfordsville, and near New Harmony, Ind.; Sparta, Ill.; Bolivia, 

South America. 

1858. Productus sernireticulatus. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 637. 

1863. Productus semireticulatus. Davidson, Geol. Soc. London, Quart. Jour. , vol. 19, p. 174, pl. 9, ·figs. 

20, 21. 

Lower Carboniferous limestone: Windsor, Brookfield, Shubenacadie, East River, Debert River, 

Minudie, Pugwash, near Amherst, Boulardarie, Cape Breton, Horton Bluff, Grays River, etc., 

Nova Scotilit. 

1865. Producta sernireticulata. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 115. 

Marshall group: Weymouth, Medina County, Ohio; Orange, Cuyahoga. County, Ohio. 

1868. Productus semirettculatus. Dawson, Acadian Geology, p. 296, pl. 97a, b. 

Carboniferous limestone: Windsor, Brookfield, Shubenacadie, East River, Debert River, Minu­

die, Pugwash, near Amherst, Boulardarie, Cape Breton, Horton Bluff, Grays River, etc., 

Nova Scotia. 

1869. Producta semireticulata. - Winchell, Safford's Geol. Tennessee, p. -442. 

Immediately above black shale: Manchester, Cannon County, Tenn. 

1870. Producta semireticulata. Winchell, Am. Phil. Soc., Proc., vol. 11, p. 249. 

'Vaverly _ group: Newark, Sciotoville, Rockville, and Vinton County, Ohio; near Shafers, 

Venango County, Pa. 

1877. Productus seinireticulatus. Hall and Whitfield, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 267, 

pl. 5, figs. 5, 6. 

Lower Carboniferous limestone: North of Snowstorm Hill,' Dry Canyon, Oquirrh Mountains, 

Utah. 

1878. Productus semireticulatus. Dawson, Acadian Geology, 3d ed., p. 296, figs. 97a, 97b. 

1888. P1·oductus semireticulatus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 31, pl. 1, fig. 26; 

pl. 6, fig. 11; pl. 10, figs. 6, 6a. 

Waverly group: Licking County, Ohio. 

1897. Productus semireticulatus. Stnith, Am. Phil. Soc., Proc., vol. 35, p. 30~ 

·Lower Coal Measures: White County, Ark. 

Marshall shale: Stone County, Ark. 

Fayetteville shale: Searcy County, Ark. 

Boone chert: Searcy County, Ark. · 
/ 

1899. P1·oductus semireticulatus. G_irty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 535, pl. 69, figs. Sa-d. 

Madison limestone: Yellowstone National Park. 

1900. Productus semireticulatus. Weller, A cad. Sci. St. Louis, Trans., vol. 10, p. 70, pl. 1, figs. 5, 6. 

Chonopectus sandstone: Burlington, Iowa. 
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In a report published in 1899 dealing with some Carboniferous fossils from 

Yellowstone National Park I recognized the cosmopolitan Rpecies Product~ts serni­
reticulatus, several individuals of which were figured. Mention was made that the 
material thus identified showed a wide range of variation, some of it departing 

considerably from the type r~presented by the figures. These same varieties occur, 
for the most part, in the limestones of Burlington and Keokuk age in the Mississippi 
Valley, and have there been 1istinguished by different specific names. The material 
from the Park, being both scattered, scanty, and often fragmentary, did not lend 
itself to nice specific discriminations. . Nevertheless, I believe that subdivisions 
should then have been made. 

The Colorado material is still more imperfect than that from Yellowstone Park, 
but does not embrace as widely divergent types. At the same time, I am not confi­

dent that two species or varieties may not be present. The same form or forms. are 
found in Yellowstone Park and in 'the lower Mississippian faunas of the Mis~issippi 
Valley. It is doubtful if any of these Mississippian forms~ commonly identified with 
P. sernireticulatus, show precise specific identity with the dominant type of the Upper 

Carbonifero.us, and at least there is nothing in the fauna of the Hermosa formation, 
so far as it has been brought to light, with which a critical comparison would justify 
identifying the fossils which form the subject of these notes. 

In the matter of synonymy I have brought together all, or at lea~t the most 
important citations of American · Mississippian forms, not so · much to imply that 

they are all one species, or the same as my Colorado material, but to indicate that, 
as I believe.to be the case, these Mississippian forms are distinct from the Pennsyl­
vaman ones. 

Locality and horizon.-San ,Juan region (stations 2379, 2381, 2382, 2384); Ouray 
limestone. Crested Butte district (station 2354); Leadville limestone. 

PRODUCTUS PARVIFORMIS Girt~y. 

1899. Productus petrviforrnis. Girty, U. S. Geol. Snrv., Mon., vol. 32, pt. 2, p. 536, pl. 68, figs. 6a-6d. 

Madison limestone: Yellowstone National Park. 

At one locality in the San Juan region (station 2381) occurs a form in some 

abundance which I believe can be safely identified with Productus parviformis. The 
only di:ff~rence which I am able to point out consists in the fact tha_t the individuals 
from Colorado are apt to be a trifle undersized. 

Locality and horizon.--San Juan region (station 2381); Ouray limestone. 

PRODUCTUS cf. PUSTULosus Phillips. 

1836. Productet p ·ustulosa. Phillips, Geol. Yorkshire, vol. 2, p. 216, pl. 7, fig. 15. 

Mountain limestone: Bolland; Florence Court. 

1857. Productus pustulosus. Davidson, Pal. Soc., British Carb. Brach., pt. 5, p. 168, pl. 41, figs. 1-6; 

pl. 42, figs. 1-4. 
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1857. Carboniferous limestone: In England at Bolland, Settle, Kendal, Isle of Man, Derbyshire, etc.; 

in Scotland at Cat Craig, near Dunbar. 

Calciferous slate and Carboniferous limestone: In Ireland, Bundora:q., Ballyduff, Carrigaline, . 

Lisnapaste, Mille~ent, Tankardstown, Florence Court, Little Island, shores of Lough Gill~ ­

valley of the Maine, Hook, St. Doolas, near Dublin, etc. 

On the Continent at Vise and Tournay, etc., in Belgi1,1m; Ratingen; in Prussia;. and also irt 

America. 

Of this species th~re is bu a single specimen, somewhat fragmentary and poorly 
preserved. It had previously been identified as P. nevadensis, but can hardly be a 
true representative Qf . Meek's species. It is almost certainly of the pustulostts type, 

but strictly speaking may not belong to that species. It much resembles the form 

figured by Davidson on plate 42, fig. 4, of his monogrt;tph (loc. cit.). It is a rather 

large shell, with a distinct though not deep median . sinus, crossed transversely by 
closely arranged, concentric corrugations, and roughened by numerous fine pustules 
or spine bases ( n~ l 

This· species is evidently related to the species from the Madison limestone which 
I identified as P. scabr-iculus Martin, but seems· to be specifically distinct. It is 
unlike any form known to occur in the Ouray limestone (Devonian) or in the Her­

mosa formation (Pennsylvanian). 
Locality and lwrizon.-Aspen district (station 2362); Leadville limestone. 

. I 

PRODUCTUS L£VHJOSTA White. 

1860. Productus lmvicostus. Wbite, Boston Soc. Nat. Hist., Jour. , vol. 7, p. 230. 

Burlington limestone: Burlington, Iowa. 

1874. Product1.ts prattenianus ( = '? P. lfe'~Jicostus) . . White, U. S. Geog. Geol. Surv. W. 100th ·Mer., Pre­

lim. Rept. Invert. Foss, ,p. 17. 

1875. Productus prattenianus (pars.). White,_ U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, 

p. 113. (Entire volume published in 1877.) 

Subcarboniferous: Mountain Spring, Lincoln County, Nev., and below Ophir City, Utah. -

1877. froductus lmvicostus? Hall and Whit:fi~ld, U.S. Geol. Expl. 40th Par., Rept., vol. 4, p. 266, 

pl. 5, :figs. 7, 8. 

Lower Carboniferous limestone: North of Snowstorm Hill, Dry Canyon, Oquirrh Mountains, Utah. 

(?) 1887. Productus sp.? compare prattenianus. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 18, 

:fig. 4. 

·waverly sandstone: Newark, Ohio. 

1895. ?roductus lmvicostus. Keyes, Missouri Geol. Surv., vol. 5, p. 41, pl. 38, :fig. 1. (Date of imprint 

1894.) 

Kinderhook group: Louisiana, Mo. 

Burlington group: Louisiana, Mo. 

1899. Productus lmvicosta. Girty, U. S. Geol. Su~v., Mon., vol. 32, pt. 2; p. 534, pl. 69, :figs. 9a-9c. 

Madison limestone: Yellowstone National Park. 

1900. Productus lmvic.osta. Weller, A cad. Sci. St. Louis, Trans., vol. 10, p. 71, pl. 1, :figs. 1, 2 

Ohonopectus sandstone: Burlington,· Iowa. 
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In the San Juan region (at st~tion~ 2379 and 2382) occurs somewhat scantily a 

little Prod1-tctus of the cora type which, because of its associations, I have referred 
to P. lcevicosta. It resembles in every essential specimens from Yellowstone Park 

belonging to White's species, and is chiefly peculiar for its rarity and its small size. 

Twelve millimeters is the transverse diameter of the largest specimen seen, and only 
three or four have come to hand. Into the synonymy of this species I have intro­

duced several references withdrawn from the Pennsylvanian species, P. cora. Proba­

bly several other citations of P. cora (or P. prattenianus) from Mississippian horizons 
should be removed to the synonymy of this specie~. It is possible, however, that 

Productus lcevicosta is a synonym of P. cora. 
L ocality and horizon.-San Juan region (stations 2379, 2382); Ouray limestone. 

SPIRIFER Sowerby-, 1815. 

SPIRI:E'ER CENTRONATUS Winchell. 

1865. Spi:r1f era centronata. \~'inchel!, Acad. Nat. Sci. Philadelphia, Proc., p. 118. 

Marshall group: Cuyahoga Falls and Akron, Ohio. 

1874. Spirifer centronata. White, U.S. Geog. Geol. Surv. \V.100thMer., Prelim. Rept. Invert. Foss., p.l7. 

Subcarboniferous: Mountain Spring, Old Morman road, Nevada . . 

1875. Spirifer centronatus~ White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 86, pl. 5, 

figs. 8a.-8c. (Whole volume published in 1875.) 

Subcarboniferous: Mountain Spring, Old Morman road, Nevada. 

1875. Spirifem ( 'lhgonotreta) biplicata. (Hall?) Meek, Pal. Ohio, vol. 2, p. 290, pl. 14, fig. 5. 

Waverly group: Richfield, Ohio; Io~·a. 
1877. Spirifero. centronata. Hall and Whitfield, U.S. Geol. Expl. 40th Par., Rept. , vol. 4, p. 254, pl. 4, 

figs. 5, 6. 

Near base of Wasatch limestone (Waverly?): Dry Canyon, Oquirrh Mountains; Logan and 

Ogden Canyons, Wasatch Range, Utah. 

1899. Spirifer centronatus. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 547, pl. 70, figs. 3a-3·d. 

Madison limestone: Yellowstone National Park. 

1901. Spirijer centronatus. ·weller, A cad. Sci. St. Louis, Trans., vol. 11, p. 163, pl. 14, figs. 3-4. 

Kinderhook: Bed 4, Burlington, Iowa. 

This species is more abundant than any other in the faunas from Colorado, 
which I regard as of Mississippian age. It occurs in abundance in the San tT uan, 

Crested Butte, and . Canyon regions, and amongst the . impressions from Larimer 
County, but it has not yet been identified at Leadville or at Perry Park. W i~h some 
exceptions the Colorado material possesses somewhat coarser ribs than that from 
Yellowstone Park or the specimens from Utah figured by White and by Hall and . 
vVhitfield, but it agrees with perhaps the majority of typical representatives of the 

species from the Cuyahoga shale of northern Ohio. The latter show a certain 

amount or range in this particular, quite sufficient to embrace both forms. 
The variety w1th coarse strire might pass without challenge for a form from the 

Hermosa formation which I have identified as 8p. boonensis. 
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·Among the impressions from Larimer County both a coarsely and a finely 
striated variety can be distinguished. These specimens were identified by White a 

as Sp. rockymontanus. . Marcou's name certainly represents a very variable type, · 
to judge by his _ figures, even if it does not include more than a singl-e species: 
These specimens, however, have unusually fine ribs, even for the Waverly species, and 
I know no Spirifer in the Upper Carboniferous resep1bling them. in other regp~cts 
which equals them in this. A similar form occurs in the Hermosa formation, but 

• those shells have coarser ribs and are comparable rather to Sp. keokuk, Sp. incre-
bescens, and the coarse variety of Sp. centronat?ls. . The fine-ribbed specimens, how­
ever·, are not unlike Sp. submqualis, but they differ in having the sinus more sharply 
outlined, as well as in other particulars. 

In the Crested Butte region this species occurs in relative abundance. The 
coarsely ribbed type predominates, and one specimen is so large aJ?d coa~·sely plica ted 
that I have separated it as a distinct variety. . 

In the whitish cherts from· near Canyon, Garden Park, and_ the vicinity, this spe­
cies has been collected at nearly eyery locality and frequently occurs in great abun­
dance. The shape varies from subquadrate to subtriangular . . The hinge line . is as 
long as the width of the shell and usually somewhat longer. There are 3 to 7 plica­
tions in the sinus, according . to size, and from 12 to 17 lateral ones. The latter fre­
quently manifest a tendency to be broad and flattened instead of sharply rounded, as 
is characteristic of Sp. centronatus, and occasionally those nearest the fold or sinus 
are distinctly bifurcated. Bifurcation of the lateral plications of typical Sp. centro­
natus itself is ·not unknown, though it is ·not common. · The surface is marked by a 
system of minute radiating and concentric strire. In ·most cases the c<:>ncentric strire 
alone can be seen, but on well-preserved specimens the radiating ones appear and 
they then seem to be nearly as strongly marked as the others. . 

The material from the San Juan reg.ion is so similar to that from the Madison 

limestone of Yellowstone Park, and associated with a fauna -s9 manifestly allied to 
that which accompanies the latter, that I feel no doubt of their specific identity with 
one another or with typ~cal Sp. centronatus from Ohio. 

Locality and lwrizon.-San Juan region (stations 2379, 2381, 2382, 2384); Ouray 
limestone. Crested Butte district (stations 2350, 2352, 2354, 2355, 2356, 2357); Lead- · 
ville limestone. Salida regio~ (stations 2360; 2361); Leadville limestone. Canyon 
(stations 2366, 2370);· Millsap limestone. Pikes Peak quadrangle (stations 2365, 

2368, 2369, 2371); Millsap limestone. Castle Rock quadrangle (station 2367); · 

Millsap limestone. Pebbles of Millsap limestone(?) in the Red Beds conglomerate, 
Larimer County (station 2364). 

aU. S. Geol. Geog. Surv. Terr., Bull .. vol. 5, 1879. p. 215. 
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SPIRIFER sp. a. 

The only material at present in the collection which could have served as 
evidence for the appearance of Spirifer rockymontanus in the faunal list of the Blue 

limestone given in the Leadville monograph, a consists of two imperfect specimens 
from station 2377. They are mere fragments of external casts, consisting of a 
group of radiating striffi, none of the finer ornamentation having been presenred. 
From the curv~ture of the surface and the character of the plications I judge that 
these impressions were made by a Spirifer. The species is most likely of the imbrex 
type, as the latter is defined by Hall and Clarke. The sinus was very faintly 
bounded and elevated, and contained, if its limits are correctly ascertained, four or 
five plications. These are too fine and too numerous to afford rp.uch probability 
that this form is identical with Sp. rockymontanus, Sp. keokuk, or Sp. increbescens, 
and an exact identi:Q.cation is clearly impossible. The plications are no finer than in 
a fine example of Sp. centronatus, such, for instance, as one of the impressions from 
Larimer County, but if really belonging to theW averly species they are particularly 
large specimens with plications unusually slender for the size of the shells. 

Locality and lwrizon.-Leadville district (station 2377); Leadville limestone. 

SPIRIFER sp. b. 

In the "Blue limestone" of the Leadville region, a small Spirifer is found, fre­
quently in considerable abundance. It is this form which appears in the faunal list 

of the Leadville monograph as Spir?ferina sp. probably new, cf. Sp. ke?Ltttckiensis.a 
The unfortunate preservation of this form renders it difficult of study, and its 

generic position is still somewhat uncertain. It occurs in a matrix of chert and 
therefore but little can be d9ne in the way of manipulation. The shell sqbstance has 
been completely removed or is otherwise so altered that it can not be told whether 
the structure was punctate or merely fibrous. The cavity thus left has in many cases 
been coated with a rusty or siliceous deposit, which often entirely obscures the 
superficial markings. 

The sbape is that of Spf:riferina and of the JJelthyris group of ~piri:fers. The 
shell is transverse, semicircular. The cardinal angles seem to be rounded and the 
hinge line is thus a little shorter than the width of the shell below. The area of the 
ventral valve is rather high and incurved. The fold and sinus are moderately broad 
and high, and are marked respectively by a median groove and ridge which can be 
clearly seen in most specimens. The. fold and sinus are otherwise simple. The sides 
are marked by 5 or 6 simple strong plications. Large representatives of this species 
have a transverse diameter of at least 24 mm. 

aU. S. Geol. Surv., Mon., vol. 12, 1886, p. 66. 
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In neither valve is a septum developed, and the dorsal as well ·as the ventral 

shell is furnished with dental plates. In most ventrals, though the dental plates are 

moderately strong, there is no trace, even, of a septum. In others, a shal~o':V gToove, 
which can sometin,es be made out, proves that this structure was sometimes present, 
although insignificant. Several specimens agree in showing that · the dorsal valve 

' possessed dental plates developed to almost as great a degree ~s in the ventral one. 
No apical callosity can be seen. 

The surface is practically free from radiating or concentric. strire. Sometimes 
varices of growth oeeur, and often a marginal band of varying width is marked·oy 

coneentrie lameJlosities, but most of the srtrface is essentially smoot.h in this regard. 
It is, however, shown to be finely pustulose or spinose. This is elearly seen in easts 
of the exterior. In one specimen the holes whieh the spines_ have left in the matrix 

are elosed by tiny plugs of rock, the shell:r matter being represente~ by rings of 
white about them. This would seem to indicate· that .the spine was hollow. · ~nother 

example, equally favorable, shows only rows of perforations. Several other speci­
mens, while diselosing the spinose charaeter of the surface in an unmistakable man­
ner, do not give elear evidenee as to whether the spines were solid or hollow, but the 
opinion resulting from a eareful study of all the material is that they were hollow. In 

the speeimen fitst mentioned they are arranged in alternating coneentric rows, the 

lateral distance between any two adjaeent elements. in the sa~e row b~ing distine.tly ' 
less than the diagonal distance between those in adjacent rows. Along the anterior 

margin, where overlapping lamellre oecur, they are more crowded and irregular. In 

other shells they are sometimes closely arranged and irregular, but usually a quin­
cunx assemblage can be made out. .The shape of the spines is oval or elliptical ~or 
the most part, with often a linear projection at one end or the other, and in less dis­
tinct preservation the st;rrface of the cast looks to be traversed by very fine inter­
rupted strire. 

The affinities of this shell a.re puzzling. The absence of a septum and tb.e pres­
ence of well-developed dental lamellre· in the dors-al valve ·would seem to forbid its 
being referred to Spiriferina in spite of the superficial resemblance to mewbers of 

that genus. H admitted into the Spiriferina group, however, it would, by reason 
of its surfaee, be more closely allied to Sp. spinosa than to the kentuckyens1:s section, 
but as to its specific distinctness from Sp. spinosa itself there can be no question: 
The spines are finer and more numerous, and the fold and sinus .show a median 

groove and ridge, not to mention differences in shape ·and others of a like nature . 

. But besides the~e superficial differences its structural ones~ already pointed out, are 

of a sufficiently fundamental character to bar it from the genus Spirife:rina altogether. 
It seems, therefore, that its place should be sought among the true spirifers. It does 
not, however, agree satisfactorily with any of the six divisions of Spirifer recog-
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nized by Hall and Clarke. It can evidently not be grouped with the radiati nor 

w~th the lame~losi, nor yet with the great group of the aperturat ·, while the 
glabrati are too unlike in every way to require consideration. r, this shell 

seems to show a certain parallel development in internal structure with artiniops1:s 
of the glabrati, as in that genus both valves possess dental lamellre With the 

ostiolati many points of similarity exist. ''Many of the middle Dev nian repre­

sentatives," say Hall and Clarke, a '"bear a low, median sulcus on the fold, which 

may be accompanied by a broad, very faint, indistinct plication appare t only near 

the anterior of the sinus." Some species have the pljcations covered ith elongate 

pustules (Sp. granulosus and Sp. marcyi) or erect granules (Sp. asper) and in Sp. 
parryanus the minute elongate pustules are arranged upon the summit of distinct, 

fine, radial strire (Hall and Clarke). Another character, which is fte 1uently met 
with in this group, is the callosity developed in the apex of the delthyri m. 

In general configuration the form under discussion agrees with the. ostiolati 
even to the extent of showing a median groove on the fold and a c rresponding 
elevation in the sinus , but the ostiolati are characteristically large and stout shells, 

while this is a very small one. 
The surface ornamentation may be conceived to be the same, but aft r examining 

the surface of a number of t~e ostiolate spirifers, I am led to believe that the granules 

or pustules are related to the superficial layers of the Hhell and are s lid, while in 

the form under comparisol they are believed to be hollow. In this f rm the cal­
losity characteristie of the fs tiolati is not known to occur, nor, I belie e, are there 
found in the ostiolati the dJntal lamellre which seem to be a constant f ature of its 
internal structure. The e~idence, therefore, seems on the whole to. eparate this 

form from the ostiolati. Its affinities are, indeed, possibly closer ith the fim­
briati than with any other group. If my eonc!usions regarding the ch racter of its 
surface tally with fact, namely, that the spines are simple and hollow, 't would fall 

by reason of this and other characters within the unicispinei division o that group. 
It agrees in its short hinge line, spinose surface, and simple plications ith the uni­
cispinei, among which certa}n forms, as for instanee Sp. vanumemi, exhi 
to division in the fold and sinus. Of the two subsections recognized 

Clarke this species belongs undoubtedly to type a, or the crispus type, eeause of its 
Rtrong plications. However, the surface of the '~.£nicispinei is closely .mellate, the 

la.mellre bearing :fimbrire of crowded spines, while the surface of Spirife sp. b shows 
no regular concentric lamellre , and, though the spines are in concentric r ws, they are 
inclined to be distributed at regular and comparatively distant interva s. A struc­

tural difference of some importance consists in the dentallamellre of th 

a Pal. New York, vol.S, pt.2,1894,p.29. 

14364-No. 16-03--19 
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of Spirifer sp. b, structures which do not occur in Sp. crispus, Sp. vanuxemi, and 
their allies. 

On the whole it seems more probable that this form is a true Spirifer, 'a survivor, 
possibly, of the earlier type abundant in Siluria~ anrl early Devonian time, one 
which departs so far fr.om its nearest allies, the 'unicispinei, that it can hardly with 
propriety be referred to the same subordinate group. Indeed, if the appearances 
deseribed are real characters of the shell, and of this I have little doubt, it can only 
be regarded as an aberrant member qf any of -the groups recognized by Hall and 
Clarke, and should other species possessing similar characters be brought to light, I 
believe they would better be recognized as an independent section. The salient 
characters of this form which would probably apply in large measure to the whole 
subsection are its small size, primitive shape .(like that of Delt'fi:yris), short hinge 
line, spinose surface (the $pines not being mounted upon the edges of concentric 
lamelloo, which are in fact practically absent), a the absence of a septum in ·the ventral 
valve, and the presence of dental lamelloo in both valves. 

The stratigraphic significance of thi.s species depends chiefly upon which spiri­
feroid group it is · conceived to be closest allied to. In my own view its affinities 

. with any of the known groups of American spir~fers is so remote that its bearing in 
that relation can not yet be estimated. In this connection attention may be called to 
Sp. agelaius _Meek, which may possibly be based upon small or immat~re shells of this 
species. The similarity is not so great as to be impressive, but our lack of knowledge 
regarding the minutioo of Meek's species does not permit a decision in the negative. 
The most closely allied species which I have been able to "9-nd, however, is a little shell 
·from the Louisiana limestone <:>f Missouri, described by Rowley under the name Spirifer · 
or Spiriferina· aciculifera.b Thi's species also is a spine-bearer, but as its internal . 
structures are not known no comparison with the Colorado form can be made in this 
direction. It is improbable that Rowley's species is a .true Spilriferina. Rowley 
has recently described another little sh~ll whic~ is externally similar to the form 
from the Leadville limestone. I refer to Spirifer schuchertic which was found in 
the Lower Burlington limestone at Louisiana, Mo. Though a somewhat smaller 
form, the essential superficial resemblance is marked, but it is uncertain whether -the 
internal characters would show an equal agreement. . 

In configuration this species simulates the form r~ferred to Sp~riferina solid­
irostris, though it differs from the latter ·in every essential particular. The two 
f.orms can usually be discriminated even superficially, however, as ,Sp&.ifer· sp. b has 
rounded cardinal angles · and a more distinct media·n plication on the fold and sinus, 

a The surface ornamentation evidently varies somewhat in different individuals in regard to the shape of the' spines, 

their abundance, and arrangement, but u.ll specimens agree in showing the essential absence of lamellose strlre as a 

normal system of surface ornamentation and the abundance of minute, simple, hollow. spines. 

bAm. Geologist, vol. 12, 1893, p. 307, pl. 14, figs. 13, 14. 

cAm. Geologist; vol. 25, 1900, p. 261, pl. 5,' figs. 15, 16, 17, 59. 
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which are also proportionately a trifle broader. In surface orname tation, shell 
stnicture, and ' internal .characte~s the two forms are widely different. 

The preceding remarks are based upon abundant but unsatisfac ory material 
from the Leadville region. . There has lately come into my hands a bl ck of chert 

from Perry Park, Colo., up n whose surface numerous specimens of this species 

occur. They are all interna casts, but present the characters superfici l and struc­

tural of the Leadville form, although ranging considerably s < ailer i s1ze. The 
lithologic appearance of th se . fossils from · Perry Park is identicall} that of the 

the Canyon material, and at first sight the little Spiriferina of the l tter locality 
might be mistaken for the s all Spirifer of the former. Closer exam'nation, how­

ever, shows them to be enti ely distinct. Even the punctation, traces f which are 
distinctly preserved upon t e eherty casts from Canyon, are lacking· upon those 
from Perry Park. 

Among the impressions aken at the Larimer County locality are those of two 

small spiriferoid shells whic are believed to belong to this species, although I 
originally placed them wit Sp1;1•iferina solidirostris?. As the impr ssions were 

made from external casts~ t eir generic position is a matter of conje ·ture. They 
are of moderate size, with a ransverse diameter of about 14 mm. The rentral valve 
is gibbous and the area appe rs to be high and incurved. There are ix . ribs each 

side ·of the median sinus, wh chis somewhat broad and shallow, with a mall median 
plication. In one specimen he surface appears to be smooth, but in t e other it is 
marked by a number of lam Hose varices of gro th.' 

Neither Spiriferina spi osa nor Sp. campest is shows a,half-develo ed 1~ib 'Yithin 
the sinus, and, if the impres ions belong to Sp iferina at all, this ch• racter would 
seem to ally them rather wi h the lamellose sec ·on of the !fen us. Th re, however, 
inequalities of growth in t e nature of varices are comparatively ra ·e, and these · 

in1pressions also seem to <Sho N' a shell without lam llose surfa~e ornament tion. They 
much resemble the form fro the San Juan and "jrested Buhe regions hieh I iden­

tified as Spiriferina solidiro tris, but the median ib of the simus is distin tly stronger, 
and the surface seems not to have been marked ith 'concentric lamell . They are 
also similar to Sp. kentuckye s~:s, but are disting 'shed by being less sha ply plicated, 

while the sinus is shallower and the median ri more strongly expres ed; perhaps, 

than in that common Coal easure species. ite refers these sped. ens to Spiri­
ferina octo_plicata, which, as identified by him, believe to be the sam as Sp. cam­
p estris White. From 'that 'pecies rt the impres ions differ considerab y, being less . 

sharply plicated and having very distinct rib i the middle of a shall wer, broader 

sinus. 
· It is much more likely se ornamentation of 

should· not have been· retain d upon the casts or eceived upon the imp essions, than 

As identified by Wh_ite at S . 

' f . 
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that the delicate but relatively stronger ornamentation o:f Spir~ferina solidirostri8 
should have been lost. .As the impressions agree with the· shells referred"' to 
Spirifer sp. bin other characters, I regard their specific identity, though not- ·cer-
tain, as still rather probable. rr -:. 

Locality and horizon.-Leadville district (stations 2372, 2373, 2375, 2377, 287-8); 
Leadville limestone. Castle Rock qua~rangle (station 2367); Millsap limestone. : 'Peb­
bles o:f Millsap limestone ( ~) in the Red Beds conglomerate, Larimer County (station 

2364). 

SPIRIFER PECULIARIS Shumard~ 

1855. Spirijer? peculiaris. Shumard, Geol. Rept. M;issouri, p. 202, pl. C, figs. 7a, b. 

Cheming group: Chouteau Springs, Cooper County, Mo. 
1874. Spirifer (Martinia) peculiaris. White, U. S. Geog. Geol. Surv. W. 100th Mer., Prelim. Rept. 

Invert. Foss., p. 17. 

Subcarboniferous: Mountain Spring, Old Mormon road, Nevada. 

1875. Spirijer (Martinia) peculiaris. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, 

p. 90, pl. 5, figs. 7a, b. (Whole volume published in 187i) 

Subcarboniferous; Mountain Spring, Old Mormon road, Nevada. 

1895. Spi1'ijera peculiaris. Keyes, Missouri Geol. Surv., vol. 5, p. 79. (Date of imprint 1894.) 

Kinderhook limestone: Chouteau Springs, Missouri. 

1899. Reticularia (?) pecv,liaris. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 557, pl. 70, figs. 8a, 8b. 

Madison limestone: Yellowstone National Park. 

1901. Spirijer peculiaris? Weller, Acad. Sci. St. Louis, Trans., vol. 11, p. 165, pl. 14, figs. 6-9; p. 198, 

pl. 20, fig. 1. 

Kinderhook: Beds 4 and 7, Burlington, Iowa. 

This species was described by Shumard :from the Chouteau limestone o:f Mis­
soun. Later it was identified ·by White at :Mountain Spring, Old Mormon road, 
Nevada. I recognized it in the Madison limestone o:f the Yellowstone National Park 
region, and it also reappears in the :fauna under discussion. Shuma~d ·evidently 
regarded ~is reference o:f this :form to Spirifer as doubtful, and White placed it in · 

. the Martinia section o:f the genus. I referred it with a query to Reticularia, but in 
typical material :from the Chouteau limestone the presence o:f neither septa nor dental 
lamellre is indicated in either . valve, in which it differs widely :from our Lower 
Carboniferous Retimtla1'iae. It certainly differs considerably :from the dominant 
Carboniferous types o:f ppirifer, and seems to be most closely allied to Sp. subcardi­
formis and Sp. suborrbicularis, which constitute what Hall and Clarke designate the 
suborbicularis type. 

While all probably belong to the s~tbcard~formis section and are with little 
doubt_specifically identical with one another, that the forms :from -Nevada, Colo:rado, 
and Yellowstone Park are correctly referred to Sp. peculiaris I now believe to be 
doubtful. 

At all the localities in the West at which this form has been collected it seems 
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. to be comparatively rare, nd the fossils which have thus far come into my hands 
are few in number and not i good condition. One important distinction resides in 
the fact that Sp. peculiaris· is marked as to its surface by regular, closely arranged, 
concentric Iamellre, while t e Western specimens appear to be quite smooth. They 
probably constitutEb an unde cribed species, but it seems wiser to await more abundant 
material before making de ailed comparisons or assigning a new name. So far as 
the available specimens, wh' ch are very variable, are characteristic, this form can 
scarcely belong to Sp. sub bicularis or to Sp. subcard~formis, and in general con­
figuration, at least, it most losely resembles Sp. peeuliaris. 

In the above remarks, herever the Colorado material is involved, I have had in 
mind especially that from t e Crested Butte region. From the San Juan region but 
two very imperfect exampl have so far come to hand. One of these is so poor as 
to render its relation to Sp. peculiaris no more than a probability, while the other, 
though probably of the subo bicula!'is type, shows a distinct median rib in the ventral 
sinus, a character which I h ve yet observed neither in typical Sp. peculiaris nor in 
the material provisionally a lowed to remain under the same name. 

Locality and horizon.-- an Juan region (stations 2382, 2384 ~); Ouray limestone. 
Crested Butte district (stati n 2358); Leadville limestone. 

SY INGOTHYRIS Winchell, 1863. 

YRINGOTHYRIS CARTER! Hall. 

1857. Spirifer ca.rteri. Hall, New ork State Cab. Nat. Hist., l Oth Rept. , p. 170. 

Waverly sandstone: Lickin County, Ohio. 

1860. Spirijer ( Cyrtia.?) ha.nniba.le is. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 647. 

Lithographic limestone: M rion Cpunty, Mo. 

1863. Syringothyris typa.. Winch l, Acad. Nat. Sci. Philadelphia, Proc., p. 7. 

Base of Burlington limesto e: Bunlington, Iowa. 

1865. Syringothyris cuspida.tus. eek, A!cad. Nat. Sci. Philadelphia, Proc., p. 275. 

1867. Syringothyris cuspida.tus. ek, Am. Jour. Sci., (2), vol. 43, p. 407. 

1870. Spirifera. ca.rteri. Winchell, Am. Phil. Soc., Proc., vol. 11, p. 252. 

Waverly group: Sciotoville nd Rockville, Ohio; near Shafers, Pa. 

1870. Syringothyris typa.. Winch l, Am. Phil. Soc., Proc., vol. 11, p . 252. 

Waverly group: Newark a d Sciotoville, Ohio ; near Shafers, Pa. 

1875. Spirijer ca.rteri. Meek (par im), Pal. Ohio, vol. 2, p. 285 (not his figures-B. texta. Hall). 

Waverly group: Ohio. 

1877. Spirijer cuspidatus? Meek, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 87, pl. 3, figs. 11, lla. 

Carboniferous or Devonian imestone: White Pine Mountains, Treasure Hill, Nevada. 

1884. Syringothyris cuspidata. W lcott (not Martin), U. S. Geol. Surv., Mon., vol. 8, p. 219, pl. 3, 

fig. 11. 

Lower Carboniferous: Eure a distriet, Nevada; near Clendenin, Mont. 

1888. Syringothyris cuspidatus. H rrick (partim), Sci. Lab. Denison Univ., Bull., vol. 3, p. 41, pl. 1, 

fig. 7; pl. 2, fig. 17 (not l. 5, figs. 4-7-S. herricki). 

Waverly group: Licking C unty, Ohio. 
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1890. Syringothyris carteri. Schuchert, 9th Ann. Rept. New York St~te Geol., p: 30. 

Bedford shale: Bedford, Ohio. 

_,Vaverly sandstone: Licking County, Ohio. 

Chouteau limestone: Marion and Pike counties, Mo. 

Kinderhook group: Burlington, Iowa. 

Burlington group: Burlington, Iowa, 

Lower Carboniferous: White Pine Mountains, Richmond Mountain1 Eureka district, Nevada.; 

near Clendenin, Mont. 

1893. Syringothyris typa. Hall and Clarke, Pal. New York, voL 8, pt. 2, pp. 8, 48, 50; fig. 40 on p. 48; 

pl. 26, figs. 6, 7, 10; pl. 27, figs. 1-3. ·(Advance distributi9n in fascicles.) 

Burlington limestone: Burlington, Iowa., 
1894. Syringothyris typq,. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 30, figs. 1, 2. 

Burlington limestone: Burlington, Iowa. 

1895. Syringothyris c~rteri. Keyes, Missouri Geol. Surv., vol. 5, p. 87, pl. 40, fig. 10. (Date of imprint, 

1894.) 

Burlington limestone: Springfield, Mo. 

1895. Syringothyris hannibalensis. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pl. 25, figs. 33-35. 

Chouteau limestone: Pike County, Mo. 

1895. Syringothyris typa. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 8, 48, 50; pl. 26, figs. 6, 7, 
10; pl. 27, figs. 1-3. 

Burlington limestone: Burlington, Iowa. 

1899. Syringothyris carteri. Weller, Aca.d. Sci. St~ Louis, Trans., vol. 9, p. 20, pl. 4, figs. 5, 6. 

Vermicular sandstone : Northview; Webster County, Mo. 

1899. S.vringothyris carteri. Girty, U. S. Geol. Surv. ; Mon., vol. 32, pt. 2, p. 558, pl. 71, figs. 1a-1c. 

Madison limestone: Yellowstone National Park. 

So far as the characters of each can be made out, the dorsal valve of this shell 
agrees with what may be regarded as typical specimens of s. carteri, but the ven­
tral valve seems to be more . erect than the corresponding one of . that species. The 
same is true when comparison is made with the · specimen from the White Pine 
mining region. which was figured by Meek (1877, loc. cit.), but the latter is somewhat 
disto.rted by crushing. Other" specimens from the White Pine district show a si~ilar 
erect habit. 

Locality and horizon.-Crested Butte district (station 2358); Leadville limestone. 

SPIRIFERINA d'Orbigny, 1847. 

SPIRIFERINA SOLIDIROSTRIS White~ 

Pl. I, figs. 3, 4. 

1860. Spirije1· solidirostris. ·white, Boston Soc. Nat. Hist., Jour., vol. 7; p. 232. 
Carboniferous: Burlington? Iowa. 

1865. Spi1·ijerina solidirostris. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 120. 

Base of Burlington limestone: Burlington, Iowa; Hamburg, Ill. 

1870. Spirijerina solidirostris. WiQ.chell, Am. Phil. Soc., Proc., vol. 11, p. 252. 

Waverly group: Newark, Sciot'oville; and Rockville, Ohio. 
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1888. Spirijerina solidirostri~. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 47, pl. 1, fig. 8 (?); 

pl. 2, figs. 9-11; pl. 5, fig. 13. 

Waverly group: Licking County, Ohio. 

1895. Spiriferina solidirostris. Herrick, Geol. Surv. Ohio, Rept., vol. 7, pl. 21, fig. 13. 

Burlington: Ohio. 

1899. Spirijerina solid,irostris. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 71, fig. lOa. 

Madison limestone: Yellowstone National Park. 

1901. Spiriferina solid'irostris. Weller, A cad. Sci. St. Louis, Trans., vol. 11, p. 198, pl. 20, figs. 2-4. 

Kinderhook: Bed 7, Burlington, Iowa. 

This species is found in the San Juan and the Canyon areas and in each it is 
rather an abundant form. It is rather const-ant in the characters shown and canbe 

briefly described as follows: 
Shell of medium size, transverse. The width of a large specimen is about 20 

mm. and the length 11 mm., but the average size is considerably less. · The fold and 
sinus are rather narrow and deep but usually show a tendency toward division. 

Accordingly, theJold is centrally flattened or even slightly grooved, and the sinus 
shows a corresponding condition. . The lateral plications are simple and strong. In 

large specimens six of these are found on each side of the sinus and five on the fold, 
but in smaller examples these numbers are diminished by one. The area of the 
ventral valve is high, but it is sometimes nearly fiat; and at others more strongly 

incurved. The surface is marked by numerous regularly disposed concentric 
lamellre, which become stronger and more crowded near the margin. Their 

edges · appear delicately fluted, a circumstance which can doqbtless be interpreted as 
indicating that they bore spinous fimbrire. The punctation is rather coarse and 

very abundant. The ventral valve is provided with a st~ong median septum and also 

with strong dental lamellre. 
This form is probably identical with part of the material from Yellowstone Park 

which I identified in 1896 as Rp. solidirostris. The fossils then in hand were few and 
poor and I now suspect that more than a single species was involved. The specimen 

figured at that time has more numerous and more slender ribs than the Colorado 

type, but some of the other specimens approach it closely. 
Spiriferinc(; solidirostri~ ? would much resemble Sp. subelliptica at the same 

size in general configuration and in the character of its surface ornamentation, but 

McChesney's species does not show a faint median plication on fold and sinus. A 
common form in the Waverly group at Sciotoville, Ohio, which can probably be 

identified with Sp. depressa Herrick, also resembles the Colorado form in general 
appearance, but it is without a median plication, and the lamellose concentric strire 
are considerably coarser. Another related form is Sp. subtexta White, but the latter 
is too little known for comparisons to be of value. lt seems to have a simple fold 
and sinus, which should distinguish it from the Colorado form, but it must be 
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borne in mind that this character is often very obscure .in the latter- as well. A sim­

ilar resemblance seems to exist also with Sp. clarksvillensis, but that· species, too, 

has never been figured and is little known. Spiriferina kentuckyensis approaches 
this Colorado form in many ways. It differs in being usually smaller and much 

mor~ mucronate. The plications and intervening grooves are slightly sharper and 
the concentric lamelloo a trifle finer. But the most marked and ~onstant character 

is the extended and often mucronate hinge line. 

This form seems at first to be the same as that from the Leadville region 
described as Spirifer sp. b, but a closer examination removes any question of their 
identity. ' In their internal structure as well as in the details of their surface orna­
mentation they are ·quite distinct. 

Locality ana horizon.-Sa;n Juan region (stations 2379, 2381, 2382, 2385); Ouray 
limestone. Canyon (station '2366); Millsap limestone. · Pikes Peak quadrangle 

(station 2371); Millsap limestone. Castle Rock quadrangle (stations 2367, 2389); 
Millsap limestone. 

SEMINULA McCoy, 1844, emend. Hall and Clarke, 1893. 

SEMINULA CLAYTON! Hall and Whitfield. 

1877. Athyris cla-ytoni. Hall and Whitfield, U.S. Geol. Expl. 40th Par., Rept. , vol. 4, p. 256, pl. 4, figs. 

15-17. 

Lower Carboniferous limestone (Waverly?): Little Cottonwood, 800 feet east of Reed and 

Benson's mine, Wasatch Range, Utah. · 

1897. Seminula claytoni. Schuchert, U. S. Geol. Surv., Bull. No. 87, p. 378. 

From the vicinity of Salida (loc. 2361) several specimens of Seminula have been 
collected. They seem to have been abundant, and, so far as their crushed condition · 
admits the forming of a conclusion, can be ·referred to S. claytoni White. They 

appear to represent one of the large oval forms with little or no fold and sinus, and 
re<semble also the species which I described from the Madison limestone as Seminula 

. immalura: S. claytoni is larger than S. immatura and with a less distinct sinus. 
In these particulars the Colorado material is nearer the former than the latter species. 

S. claytoni occurs associated with Sp. centr·onatus and probably belongs to the 
same fauna of which S. immatura is a member. I rather look to see the two species 
proved synonymous, but it seems better to await more conclusive evidence before 
abandoning the latter name. 

Locality and horizon.-Salida region (station 2361); Leadville limestone. 

SEMINVLA SUBQUADRATA Hall t 

Pl. I, fig. 5. 

1858. Athyris subquadrata. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 703, pl. 27, figs.2a-d; p. 708, fig. ll8. 

Kaskaskia limestone: Chester, Ill.; Crittenden County, Ky. 
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1877. A thyris .subquad_ratat Hall and Whitfield, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 271, pl. 

5, figs. 1.9, 20. 

·wasatch limestone: Snowstorm Hill, near Dry Canyon, Oquirrh Mountains, Utah. 

1886. Athyris S'ltbquadrata. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 453, p. 440, 

fig. 2. 

Mill Creek limestone, Upper Coal Measures: Wilkesbarre; Pa. 

1886. Athyris subquadrata. Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, 

p. 269, fig. 2. 

Mill Creek limestone, Upper Coal Measures: Wilkesbarre, Pa. 

1891. Athyris subquadrata. Whitfield, New York A cad. ~at. Sci., Ann. , vol. 5, p. 585, pl. 14, figs. 1-3. 

Maxville limestone: Newtonville and Maxville, Ohio. 

1893. Seminula subquadrata. Hall and Clarke, P~l. New York, vol. 8, pt. 2, p. 95, pl. 47, figs. 7-9, 15, 

16; pl. 84, figs. 30, 31. (Advance distribution in fascicles.) 

Chester limestone: Crittenden County, Ky. 

St. Louis limestone: Spergen Hill, Ind.; Pella, Iowa. 

Kaskaskia limestone: Chester, Ill. 

1894. Seminula subquadrata. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 35, figs. 13, 15. 

CJ;1ester limestone: Crittenden County, Ky. 

St. Louis limestone: Pella, Iowa. 

1895. Athyris subquadrata. Keyes, Missouri Geol. Surv., vol. 5, p. 92. (Date of imprint, 1894.) 

Kaskaskia limestone: St. Mary, Mo. 

1895. Seminula subquadrata. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 95, pl. 47, figs. 7-9, 15, 

16; pl. 84, figs. 30, 31. 

Kaskaskia limestone: Chester, Ill.; Crittenden County, Ky. 

St. Louis limestone: Pella, Iowa; Spergen Hill, Ind. 

1895. Athyris subquadmta. Whitfield, Geol. ·Surv. Ohio, Rept.., vol. 7, p. 472, pl. 10, figs. 1-3. 

Maxville limestone: Newtonville and Maxville, Ohio. 

1897. Athyris subquadrata. Weller, New York Acad. Sci., Trans., vol. 16, p. 258, pl. 18, fig. 16. 

(Date of volume, 1898.) 

Batesville sandstone: Batesville, Ark. 

Near the top of the Blue limestone, at several localities in the Leadville region, 
a species of Seminula occurs in some abundance (espeeially at station 2375). None of 
the fossils of this formation are well preserved or in a condition favorable for study, 

and the seminulas have suffered equally with the rest. Suspending for the moment 
the discussion of the generic position of this form, it will be desirable to comment 

I 

upon its specific characters and its relation to the species to which I have referred it. 
My specimens show considerable variety in size, the largest observed having a 

length of probably 20 mm., the others ranging to half that or less. These inequalities 
in size evidently correspond to differences in age. The shape is sul!>quadrate to 

subcircular, the width being about the same as the length, or u:Sually a trifle greater. 
The upper portion of the contour is made by approximate right lines, extending 
perhaps halfway down the figure. The inferior outline is either regula!ily curved or 
subrectilinear, depending somewhat on the degree of development of the fqld and sinus. 

The feature last mentioned is faint, but can usually be ascertained. It is apt to be 
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narrow and shallow, a linear median depression. None of the shell sexamined attain 
either the size or the development of fold and sinus of mature examples of S. sub­
quadrata, but they follow, with agreement singularly exact, the young and adolescent 
stages of that species. Comparison has been made with specime~s characteristic of 
Semb1.ula subquadrata from Pope County and from Chester, Ill.: and the closest 
agreement was :found. 

This form somewhat resembles the rounder specimens of Cr·ancena subelliptica 
var. hardingensis, and suggests a doubt of the · generic reference, w.hich probably 
would not otherwise be questioned. No specimen perfect enough to retain such 
characters which i:; at the same time certainly a dorsal valve has been observed, but 
this valve seems to have had no internal structures of a septal nature. The ventral 
valve shows two rather weak dental plates. 

Compared with less · elongate specimens of Orancena subelliptica var .. harding­
ensis this shell is smaller and more quadrate, and it posse$ses a faint though distinctly 
discernible fold and sinus. In the ventral valve the plates are less strong as a rule and 
farther apart, and the umbonal portion has not, seemingly, the peculiar and charac­
teristic conformation of the terebratuloids. 

At Perry Park (statio!l 2367) there occurs in considerable abundance a small 
species. of Seminula that I believe can be referred only to the species to which the 
material from Leadville belongs. None of the examples from Perry Park are as 
large as the larger ones from Leadville, but with such as are of their own size they 
agree completely. This identification is in a measure confirmed by the circumstance 
that these shells at both localities occur associated with a peculiar and , probably new 
species of Spirifer. These speci:t;nens might be placed with S eminula hwrnilis or with 
S. wasatche.nsis, but probably with less precision. The ventral beak pf S. humilis 
is larger and more tumid, and where the thick shell is removed the internal cast 
shows the presence of a deep rostral cavity, imparting to these molds ·a difi:'ererit 
shape from those from Perry Park, for the specimens from that locality occur in this 
condition. 

Semim.tla kumilis and S. wasatchensis, of . which mention is made above, are 
closely sim.ilar, and wer-e it not that the latter is founded upon a solitary speci~en 
whose horizon is still in doubt and may be very different from that of S. humilis I 
would not hesitate to throw them together. 

Although Smninula subquadrata was described from rocks of Genevieve age, and 
although it was especially abundant during that period, the identification of it in the · 
upper beds of the Leadville limestone can not be considered as e~tirely diagnostic of · 
their geologic age, since a very similar shell occurs in the Cuyahoga shale of Ohio, 
which probably belongs to the Osage period. 

Locality and horizon.-Leadville district (stations 2375, 2377, 2378); Leadville 
limestone. Castle Rock quadrangle. (station 2367 ?); Millsap limestone. 

. • 
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1899. Seminula humilis. Girty, U. S. Geol. urv., Mon., vol. 32, pt. 2, p. 565, pl. 71, figs/. 6a-6c. 

Madison limestone : Yellowstone Nati nal Park . 
. , 

The impression upon which bite based his determination of SeJi(1inula S'ttb-
tilita a in the fauna from Larimer ounty is a small, nearly circular she~ l, having a 
diameter of 11 mm., which probabl represents a dorsal valve of a specimen belong­

ing to th-e genus Serninula. The be k is small, depressed, and incurved,~~nd neither 
fold nor sinus is developed. This i 1pi·ession agrees very closely with dorsal valves 
of the little shell which I described nder the name of S. hU?nilis. At tJ e same time 

it can not be distinguished from do sal valves of the same dimensions hf the type 
I 

which, in the Perry Park and Lea ville regions; I have ·referred to Setnin~ula sub-
quadrata. While it shows no evid nee of a fold, in them also that feaJture of the 

dorsal valve is le~s noticeable_ than the correspo~din~· one of the ventr, l, an~ it is 
proportionally obscure in youn~· sp cimens ; and doubtless immature sh~lls of some 

of the numerous varieties of S emin tla subti li ta assume the same form, 9ut certainly 
it is very different from the commo 1 mature type of 8 . sttbtilita. . 

Locali ty and horizon. - Pebble of Millsa.p limestone(?) in the Red Beds con­
glomerate, Larimer County (station 2364). 

sp. 

In the San Juan region a singe tiny S eminula has been collected. ' Its entire 

length is but 6 mm., and because o its probable immaturity and its soFtary occur­
rence it has scarcely '3eemed wortl y of more than mention, without arl attempt to 
refer it to any described species. · : . 

Locality and horizon.-San Ju n region (station 2381); Ouray limestone. 
. I 

CRANJEN Hall and Clarke, 1893. 

CRAN1ENA SUBELL PTICA var. HARDINGENSIS n. var. 

Pl. I , figs. 8-10. 

As Hall and Clarke figure but o not de~cribe Cranmna subelliptica, ~he following 
description, based upon a series of upward of 50 specimens from the tt pe locality, 
Sciotoville, Ohio, may not be with ut value: 

1 

Shell large, ovate. Outline egular. Curvature evenly rotund, without fold 

or smu'3. Shell substance thick, a undantly punctate. Surface marke~ by numer­
ous, more or less distinct growth li 

Cranmna subelliptica is diffic 
lacking in distinctive characters. 

describe effectually because ~ t is largely 
While in shape it is always longe~· than wide, 

I 

a U. 8 . Geol. Geo . Surv Terr. , Bull. , vol 5, l~i9, p. 215. 
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the specimen figured by Hall and Clarke has these dimensions unusually unequal; 
nol· are the sides, as a rule, straightened, as in the type specimen. Older examples 
are proportionately more elongate than young ones. The ventral valve does not 
project as far beyond the dorsal as in many species of Dielasma, and the beak is not 
attenuate nor strongly incurved. The recurved pedicle sheath is often -well 
developed. 

· The common shape of this species is more like that of Cryptonella eudora. 
Indeed, as ttie fossils from Licking County, Ohio, which have been identified with 
the latter, come from almost the same horizon in the Waverly as the Sciotoville beds, 
I feel some confidence that theybelong to this species. Should this prove to be the 
case, it would be well to restrict t~e name ettdora to the Devonian species and place . 
Cryptonella eudora (pars) in the synonymy of Oranmna subelliptica. · 

Or-anmna subelliptica resembles Or. iowensis in the closest manner,. and I am not 
sure that, if similarly preserved, it would be easy to distinguish them. 01·. iowensis 
is apt to be more highly arched, with the beaks of both valves more attenuate and 
produced. The surface is smoother and less interrupted by appt~eciable lines of 
growth. The blunt, clumsy form of the beaks in Or. subelliptica is rather noticeable 
and characteristic. · 

In both Or. subelliptica and Or. iowensis the hinge plate is large and similarly 
formed. It connects posteriorly with the end of the valve and is supported by the 
strong socket walls with which it is united. In Or. subelliptica at least its posterior 
extremity is adnate to the floor of the valve for a short distance or even seems to be 
mounted upon a short, low septmn. It i·s deeply concave, and often with an 
incomplete heart-shaped section. Usually it is divided by two radiating carinre into 
three portions, only the central one having a homologue in .Dielasma. The shape is 
pentagonal, the two anterior angles being formed by the two carinre just mentioned, 
which run out at the margin and project in the form of crura. The hinge plate 
converges with the bottom of the valve posteriorly, the anterior extremity being 

· often a considerable distance away. The hinge plate is not divided in either Or. 
iowensis or Or. subelliptica, as illustrated by Hall and Clarke's figures. a I have not 
been able to' ascertain .the characters of the loop in this species with satisfaction. It 
seems to be short, with short diverging crura and short ascending lamellre. 

If we may rely upon Or. iowensis and _ (}r. subelliptica as criteria, it seems to be 
i·ather characteristic of this genus that the brachial valve is marked by ra~her strong 
muscular impressions situated near together and anterior to the end of the hinge 
plate. On internal casts three grooves, diverging anteriorly, are usually clearly 
visible, inclosing the scars between their anterior ends. The central groove eYi­
dently represents an incipient median septum, which in Or. S'ubelliptica at least is 

a Pal. New York, vol. 8, pt. 2, 1894_, p. 29i, fig. 215. 
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developed posteriorly and supports the hinge plate. Its anterior extremity divides 

the median pair of muscles. The inner s~rface of the hinge plate of Dielasrna is 

, often marked by transverse flutings, and this structure has, therefore, natural1y 

been interpreted as a surface of muscular attachment, beneath which it has some­

times been considered the viscera were lodged. The analogy between Orancena 
and D·ielasma is so strong throughout that the conclusion seems warranted that a 

pair of muscles, leaving scars too faint to be often preserved, was attached to the 

bottom of the shell anterior to the hinge plate in Dielasma, just as in Oranafna, 
and that the hinge plate in Orancena, which is also fluted, bore other muscles, as 

is supposed to be the case in Dielasma. 
Hall and Clarke a correctly describe the hinge plate of these dielasmatoid forms, 

but their figures are misleading in that the most enlarged and elaborate ones fail 

to show this structure at all, while in the smaller ones it is inconspicuous and 

somewhat slurred. over. For example, in the figure of Eunella sullivanti, the type 

species of Eunella (fig. 23 of pl. 80), the crura spring almost immediately from the 

posterior wall of the valve, and one would infer that the hinge plate. was either 

absent or an inconsiderable structure. The same feature is shown in Eunella 
lincklceni (fig. 30 of same plate), where nothing resembling the cardinal plate 

seems to be present. That a similar condition obtained in Orancena one would be 

led to infer from the figure of the type species, Or. romingeri (fig. 16 on same 

plate). 

I have referred to Orancena, Orancena subelliptica, which . Hall and Clarke 

described as a Cryptonella, because it seems to have the characteristic brachidium 

of Orancena and because it seems to be so closely allied to Orttncena iowensis .. 
It resembles the latter not only in the general physiognomy of the shell, but in 

the structure of the hinge plate and the shape, strength, and arrangement of the 

muscle scars of tble dorsal valve. In fact, there seems to be the closest agree­

ment throughout between these two forms. For my own part, I incline to lay 

greater stress upon the structure of the hinge plate than upon minor crural char­

act~rs and to rank Orancena with Eunella as a subgenus of Cryptonella, rather 

than allow it to occupy that p~sition with regard to Dielasma. 
The specimens1 from Colorado, while often abundant, are so imperfect as to 

preclude a satisfactory determination. The generic characters, so far as I have 

been able to ascertain them, agree with those of Orancena iowensis and Or. sub­
elliptica. I feel considerable assurance that the shell is not a Dielasma. For all 

I am able to deteFmine, however, it might be a representative of either Crypto­
nella, Oranmna, or Eunella. In specific character it approaches Or. subelliptica. 
Some examples have the same broadly oval form which characterizes that species, 

a Pal. New York, vol. 8, pt; 2, 1894, p. 297. 
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but others are more elongate than even the type specimen o£ Or. s-ubelliptica, 
which, as has · been said, is somewhat unusual in that regard. For the present, 
therefore, 1 refer the Colorado speeies .as a variety of Oranmna sub.elliptica, though 
better preserved and more perfect specimens may show that it should be removed 
to another species or even another genus. However, its generic. affinities can be 
limited to three closely allied subgeneric groups,- a circumstance which, with its 
specific affinities, does not deprive it or stratigraphic significance. In fact, in 
connection with the associated species, I attach some importance to its presence, as 
it indicates an age certainly not so late as the Coal J\'Ieasures and probably earlier · 
than the Genevieve period.. Its associated fauna can · scarcely be Devonian, 
and on the whole the evidence or this species points to the earlier hal£ or the 
Mississippian era. 

Locality and horizon.-Canyon (stations 2366, 2370); Millsap limestone. Pi~es 

Peak quadrangle (stations 2365~ 2368, 2371); Millsap limestone. Castle Rock quad­
rangle (stations 2367, 2389); Millsap limestone. 

EUMETRIA Hall, 1863. 

Eu:METRIA woosTERI White. 

Pl. I, figs. 11, lla. 

1879. Retzia woosteri. White, U. 8. Geol. Geog. Surv. Terr., Bull., vol. 5, p; 215. (Some copies 

dated 1880.) 

Carboniferous: 18 miles north of Greeley, Colo. 

1880 .. Retzia woosteri. White, U . S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept'., for 1878, pt. 1, 

p. 134, pl. 34, figs. Sa, b. 

Coal Measures: 32 miles west and 18 miles north of Greeley, Colo . 

. 1883. Retzia woosteri. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1, 

p. 134, pl. 34, figs. 8a, b. 

Coal Measures: 32 miles west and 18 miles north of Greeley, Colo. 

1898. Eumetria woosteri. Weller, U. S. Geol. Surv., Bull. No. 153, p. 263. 

Founded upon an impression taken from a mould in a bowlder in. a.eonglomerate 

in Larimer Cou?ty, some 50 miles from Greeley, Colo., it is unfortunate that this 
species was ever the r ecipient of a distinctive name. The type and only authentic 
specimen occurs with a fauna which White referred to the Coal Measures, but which 
I feel satisfied is of Mississippian age, and Eu. woosteri itself is of a distinctly Mis­
siSsippian type. Nothing comparable to it ·is known from the Upper Carbonifero~s, 
while it is so similar to Eu. marcyi and E11;. alt~rostris that it is almost certainly a 
synonym of one or other of these species. Weller a states that Eu. altirostris is 
distinguished from Eu. marcyi by having a more acute ~nd moTe erect beak, coarser 
plications, and the slight sinus with its stronger ~edian furrow. These characters, 

a Acad. Sci. St; Louis, Trans., vol. 10,1900, p. 75 .. • 
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if constant, would satisfactorily differentiate the· Kinderhook from the Genevieve 
species, but at the same time Eu. altirostris is so rare a form that the limits of its 

variation can scarcely be said to be known. 

Eu. woosteri closely resembles Eu. marcyi, but it is in even more close agreement 
with Eu .. alti1'ostris. Its general shape is more elongate than in Shumard's rotund 

specie:::;; the ventral beak is more slender, though it can not be described as more 

erect; the ribs are somewhat coarser than is common in Ett. marcyi, but they are not 
without parallel in fossils referable to that species. There is present a sinus, a char­

acter which I have a~ yet not observed in the Genevieve form. 

Comparing it with Eu. altirostris as represented by \\7 eller's figures and discrip­
tion, Eu. woosteri is found to agree very clesely in size, though ·the shape is some­
what more broadly <1>vate. The beak seems to be aln;wst equally acute, but is prob: 

ably more strongly i1ncurved. The ribs are a little finer and slightly greater in num­
ber. There is a sinus but no strong median furrow. It seems highly probable that 

Eu. woosteri is a synfonym of Eu. altirostris, but I retain both names awaiting further 
evidence. · 

White compares this species with Retzia utah, evidently a slip for Retzia (I-Ius­
tedia) mormoni. There can be no doubt that Eu. woosteri is distinct from the latter 
species. 

The form from t~e SanJuan region of Colorado and from the Yel1owstone National 
Park·, which I have

1 
identified with Eu. verneuiliana, differs from Eu. woosteri in 

being smaller, with finer strire, and, so far as is known, in lacking a sinus. 
In the Leadville district (at station 2375) was found a fossil w.hich seems to be a 

retzioid brachiopod. It is an imperfect external cast of one vall'e, in which only the 
impressions of rigi~ strire are presented to view, the finer ornamentation, if any 

existed, having bema lost. It 'is larger and more J?.Umerously striated than Hustedia 
mormoni, and seems to be rather of the Ewnetn:a type. It appears to present the 

general characters of Eu. woosteri, and though slightly smaller than the type speci­
men, and with ribs somewhat coarser and more broadly rounded, it appears, like it, 

to have had a sinus, faint indications of whieh are still retained. 
On the whole, it is probable that this shell is an Ettmetria and elosely related to 

Eumetria woosteri, tto whieh I have provisionally referred it, but its relations with 

Eu. marcyi and Eu. altirfJstris are also close. 

Locality and horizon.-Leadville district (station 2375); Leadville limestone. 
Pebbles of Millsap lfmestone in the Red Beds eonglomerate, Larimer County (station 

2364). 
EuMETRIA MARCYI Shumard? 

1852. Terebratula serpentfna. Owen (not de Koninck), Geol. Surv. Wisconsin, Iowa, and Minnesota, 

pl. 3A, fig. 13. (See specimens in U.S. Nat. Mus. Cat. Invert. Fo~s., 17955.) 

Carboniferous: S,unk River, Iowa. 
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1854. Terebratula rnarcyi. Shumard, Marcy's Expl. Red River of Louisiana, p. 177, pl. 1, figs. 4a, b. 

Carboniferous. vVa5hington and Crawford countiee, Ark. 

1858. Retzia verneuilana. Hall, Albany Inst., Trans., vol. 4, p. 9. 

St. Louis limestone: Bloomington and Spergen Hill, Ind. 

1858. Retzia verneuliana. Hall, GAol. Surv. Iowa, vol. 1, pt_; 2, p. 657, pl. 23, figs. la-d. 

'Varsaw limestone: Spergen Hill and Bloomington, Ind. 

1858. Retzia vera. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 704, pl. 27, figs. 3a, b. 

Kaskaskia limestone: Chester, Ill. 

1858. Retzia vera var. costata. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 704, pl. 27, figs. 3a, b. 

Kaskaskia limestone: Chester, Ill. 

1863 . .Eurnetria 'vera. Hall, New York State Cab. Nat. Hist., 16th Rept., p. 55, pl., figs. 1-:--3, and p. 59. 

1863. .Eurnetria verneuili. Hall, New York State 'Cab. Nat. Hist., 16th Rept., p. 55, fig. 2. 

1882. Eurnetria verneuilana. Whitfield, Am: Mus. Nat. Hist., Bull., vol. 1, p. 50, pl. 6, figs. 28-30. 

St. Louis group: Spergen ·Hill, Paynters Hill, and Bloomington, Ind.; Alton, Ill. 

1883. Eurnetria verneuil'iana. Hall, Geol. Surv. Indiana, 12th Rept., p. 335, p. 29, figs. 28-30. 

St. Louis group: Spergen Hill, Lanesville, and Bloomington, Ind . 

1884. Retzia radialis. Walcott (non Phillips) (pars), U. S. Geol. Surv., Mon., vol. 8, p. 220, pl. 7, 

figs. 5-5e. (?) 

Upper Devonian: Eureka district, Nevada. 

Lower Carboniferous: Eureka district, Nevada; Little Belt Mountains, near Clendenin, Mont. 

1889. Retzia rnarcyi. Miller, North Amer. Geol. and Pal., p. 366. 

Kaskaskia group. 

1893. Eurnetria vera. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 117, pl. · 51, figs. 36, 37. 

I 
(Advance distribution in fascicles.) 

Chester group : Crittenden County, Ky. 

1893. Eurnetria verneuiliana. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. il7, pl. 51, figs. 13-26, 34, 

35; pl. 83, figs. 26, 27. (Advance distribution in fascicles. ) 

St. Louis group: Spergen Hill, Ind.; Greene County, Mo. 
I 

1894. Eurnetria verneuiliana. Hall and Clarke, Int. Study of Brach., pt; 2, pl. 3f, figs. 1-4, 6, 10. 

St. Louis group: Spergen Hill, Ind. 
' 1894. Eurnetria vera var. ·costata. Hall and Clarke, Int. Study of Brach. , pt. 2, pl. 37, figs. 5, 11. 

Chester limestone: Chester; Ill.; Crittenden County, Ky. 

1894. Eurnetria vera. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 37, figs. 8, 12. 

Chester limestone: Crittenden County, Ky. 

1895. Retzia vera. Keyes, Missouri Geol. Surv., vol. 5, p. 95. (Date of imprint, 1894. ) 

Kaskaskia limestone: St. Marys, Mo: 

1895. Retzia verneuiliana. Keyes, Missouri Geol. Surv., vol. 5, p. 95. (Date of imprint, 1894.) 

St Louis limestone: St. Louis, Mo. 

1895. Eurnetria vera var. costata. Hall ~nd Clarke, Pal. New York, vol. 8, pt. 2, pl. 51, figs. 27-33. 

Chester limestone: Crittenden County, Ky.; Chester, Ill. 

1895. Ettrnetria vera. Hall .and Clarke, Pal. New York, vol. 8, pt. 2, p. 117, pl. 51, figs. 36, 37. 

Chester group: Crittenden County, Ky. 

1895. Eurnetria verneuiliana. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 117, pl. 51, figs. 13-26. 

34, 35; pl. 83, figs. 26, 27. 

St. Louis group: Spergeri Hill, Indiana; Greene County, Mo. 
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1897. Eume;ria verneuila~~ a. Wel1er, New York A~ad. Sci., Trans., vol. 16, .?· '2I19. (Date of volume 

1898.) 

DESCRIPTIONS OF BP[OIES. 

Batesville sandstone: Batesville, Ark. 

1899. Eumetria verneuiliarw. Girty, U. S. Geol. Sun'., Mon., vol. 32, pt. 2, p. 560,, pl. 68, fi~~. 12a-12b. 

Madison limestone: Yellowstone National Park. l 
Just as in the j' gher beds of the Mississippit n series in the Mississippi Valley 

two species of Eum tria were early recognized, ope a large form with coarse strire, 

the other smaller a d with finer ornamentation, , o in the material from Colorado a 

similar condition is ~ound to exist, and although i~ bas been . general of late to unite 
Eu. vera and Eu. verneuiliana into one species, I feel indisposed to follow a simila~ 
course in treating the specimens under discussion. 

The coarsely striated form from Colorado has been accordingly referred to Bume­
tJ•ia woosteri. The finely striated one I have distinguished from it under the name 

Eurnetria marcyi. ±n so doing and jn ado~ting here the common synonylfy of that 
species which includ~s the names E~trnetria verneuiliana (which my speci~ens espe­
cially resemble) ;tnd Eu·1netria vera (to which Eu. woosteri is closely' allied), I am 
aware that rriy ·course is not aftogether consistent, but I am h~peful at least that the 

distinctions which origi~ally led to the proposal .of these specific names wil l be found 

significant of di:ffer~nces of geologic age or geographic occurrence. I have not at 

. hand, however, the 1ossils and stratigraphic data upon which to establish an opinion 
or rest a proof of the vaEdity and relationship of Eurnetria altirostr£s, Ettrnetria vera, 
Eu.metria verneuilia/1a, .Eumetr·ia marcyi, and Eumetria woosteri, and their synonymy, 
and hardly venture to disturb the status quo by an invalid attempt at betterment. 

The smaller vayety has so far been found in Colorado only in the San Juan 
region. It is a comparatively rare form, a:Qd the specimens collected are so frag-

mentary that only general comparisons are possible. . 
The largest spedimen has a length, probably, of not more than 12 mm., and has 

at the margin 8 or 91 strim .in the space of 5 mm. These fossils, as far as I am able 
to judge, agree very closely with examples of the same size from Spergen Hill, 
Indiana, representing E'u. verneuiliana, although a larger series of more perfect 
specimens may show that the. Colorado form should not be referred to Hail's species. 

. As the fauna ' l ith which this form occurs in Colorado is with little doubt of 
Osag age, the ran'e of Eu. vernmtiliana is somewhat increased in a downward 
direc ion by this id1ntiiieation. Yet since at least one representative of the genus 
(Ett . lt1:rostris) is known in the Kinderhook, it is much more a matter for surprise 

that he line of des6ent should have been interrupted by the apparent absence of 
· Ewn tria from the Osage of the Mississippi Valley , than that it should have come 
to li ht in the Osage faunas of the Rocky :Mountain region. 

his seems to bk the form which in the Madison limestone of Yellowstone Park 
I cited under the sarhe specific name, _Ewnetria verneuil~'ana. It differs considerably 

14364-No. 16-0:::--20 
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frmu the Kinderhook species, Eu. altirostris, being smaller, more finely striated, ' 
and apparently without a sinus or strong median :furrow therein. 

Locality and lwrizon.-San Juan region (stations 2381, 2382); Ouray limestone . 

. CAMAROTCECHIA Hall and Clarke, 1893. 

CAMAROT<ECHIA METALLICA White. 

1874. Rhynchonella metallica. White, U. S. Geog. GeoL Surv. W. lOOth Mer., Prelim. Rept . . Invert. 

Foss., p. 20." 

Carboniferous (Coal Measures): Old Potosi mine, Lincoln County, Nev. 

1875. Rhynchonella metallica. White, U.S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 129, pl. 10, 

figs. lOa-d. (Whole volume published in 1877.) 

Carboniferous: Old Potosi mine, Lincoln County, Nev. 

1877. Rhynchonella pustulosa? Hall and Whitfield, U. S. Geol. Expl. 40th_ Par., Rept., vol. 4, p. 257, 

pl. 4, figs~ 12-14. 

Waverly group: Logan Canyon, Wasatch Range, Utah. 

1899. Camarotcechia metallica. Girty, U. S. Geol. Surv., Mon., 'vol. 32, pt. 2, p. 540, pl. 69, figs. 3a-3e. 

Madison limestone: Yellowstone National Park. 

In the San Juan reg_ion (at station 2382) occurs a :form which, though it is repre-. 
sented by 8canty and rather imperfect material, is referred with some confidence to 
Oamarotmchia rnetallica. At all events, with but little doubt it is the same :form which 
I identified with that species in the Madison limestone o:f Yellowstone Park. I 
believe, too, ,that the type specimen o:f C. metallica is not o:f Upper Carboniferous 
age, as stated in the original description, but belongs really to the Madison :fauna. 

Locality and lwrizon.-San Juan region (station 2382); Ouray limestone. 

PELECYPOD A. 

CRENIPECTEN Hall, 1883. 

CRENIPECTEN HALLANUS . Walcott. 

1884. Crenipecten hallanus. Walcott, U. S. Geol. Surv .. Mon., vol. 8, p. 2~1, pl. 8, figs 7-7c. 

· Lower Carboniferous: Eureka district, Nevada. 

At . locality 2382 in the San tT uan region were found two specimens, imperfect 
intern~l and external casts, o:f a rather large pecti~oid shell which probably belongs 
to the species Orenipecten halla.nus Walcott. T!J.e strim are rather coarse, much 
more so, :for instance, than in the related Or. wi~.~helli. They are somewhat irregu­
larly alternating, and are crossed by numerous delicate, somewhat :flexuous, imbri­
cating lamellose strim. 

Or. halla~us was described from strata in the Eureka district, Nevada, which 
I believe to be of Osage age, and so can not be :far from the horizon at which the · 
material from Colorado was obtained. 

Locality and horizon.--San Juan region (station 2382); Ouray limestone. 
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STREBLOPTERIA McCoy, 1851. 

STREBLOPTERIA MEDIA. 

Pl. I, :fig. 13. 

1888. Streblopteria media. Herrick, Sci. Lab. Denison Univ., Bull., vol. 3, p. 56, pl. 3, :figs. 4, 8, 9; 

pl. 1, :figs. 13, 19; pl. 7, :figs. 2, 6. 

Waverly group: Licking County, Ohio. 

1895. Streblopteria media. Herrick, Geol. Surv. Ohio, Rept., vol. 7, pl. 24, :figs. 16, 17. 

Cuyahoga shale: Moots Run, Ohio. 

From the Millsap limestone of Perry Park was obtained a single specimen of a 
pectinoid shell which so closely resembles Herrick's description and figures of St. 
rnedia that the . identification with that species is made with some confidenee.' The 
shape, which is well shown by the illustration, agrees very closely with the right 
valve figured by Herriek as fig. 8 of pl. 3. The chief points of differenee which I 
have been able to detect are not important. Possibly the posterior wing of my speci­
men iRa trifle larger, and the outline under the anterior wing does not project as it 
is seen to do in Herrick's figure, but more nearly approaches a straight line. The 
surfaee appears to be almost smooth, being interrupted only by obseure eoneentric 
lines and corrugations. The anterior wing, however; has a few eoarse, indistinct, 
radiating strire. 

Locality and horizon.-Castle Roek quadrangle (station 2389); Millsap limestone. 

MY ALINA de Koninck, 1844. 

MYALINA ARKANSASANA Weller?. 

1897. Myalina arkansana. 'Veller, New York Acad. Sci., Trans., vol. 16, p. 262, pl. 19, :figs. 16, 17. 

(Date of volume, 1898.) 

Batesville sandstone: Batesville, Ark. 

This species has been identified in_ the San Juan, Canyon, and Leadville distriets, 
in Colorado, and a form believed to be the same occurs in the limestones of St. 
Louis age at Pella, Marion County, Iowa. The Colorado material upon whieh the 
:following brief deseription is based is in every ease preserved in a eherty matrix; 

it is often obscure and unfavorable for study. 
The shape is modioliform. The axis is oblique, and there is a distinet anterior 

lobe. The posterior outline is entire and subreetilinear .. The anterior extremity is 
rounded; the posterior-superior angle obtuse and not projeeting in an alate or 
mucronate extension. The surface appears for the most part nearly smooth, though 
obseure, ill-defined, concentric markings ean be made out. Toward the anterior end, 
however, these gradually beeome stronger and develop into sharp, regularly spaced 

ridges. 
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The specimens from the San Juan region, though abundant, are indistinct. 

They appear to belong to the Harne species as those from Leadville and Canyon. 
Certain differences in their occurrence and lithology have led me to suspect that . 

.M. arkansasana occupies a horizon different arid somewhat higher than that at 

which the majority of Mississippian, species were found in this (San Juan) area. It 
need not necessarily, however, represent more than a different facies of the same 

I , 

fauna. 
Although the Leadville material is very impe ·feet, its charttcters lend themselves 

to a similar identification. This species appears in the faunal list of the Leadville 
monograph as Pleuroplwrus oblongus. a With this identification I can in no wise 

agree. The latter shell has a subquadrate, this a subtriangular, shape. The one is 
abruptly truncated behind, while in this species the posterior slope is strongly 

inclined to the cardinal line. The surface; too, is marked by rather prominent and 
regularly disposed lamel'ire of growth, while in Pl. oblongus the strire · seem to be . 

finer and more crowded. The preservation of the types of Pl. oblongus, however, 
is not such a~ to faithfully portray the surface characters of that species. 

I was at one time disposed to refer my Colorado material to Modiola? nevadensis 
Walcott, but it can be distinguished from that Bpecies by the greater prominence of 

its umbonal ridge and by the presence of a faint though distinct sinus just in front 
of the latter in the anterior third of the shell. The shape of the two,forms, however, 

is closely similar . . The same characters will serve to distinguish my specimens from 
Modiola? subelliptica, which so closely resembles M.? nevadens'is that tlie possibility 

. is entertained that they will subsequently prove to be identical. 

J1f. arkansasana very closely resembles certain shells from the Pottsville series 

and Lower Coal Measures of the Appalachian region which I have been accustomed 
to refer to Naiadites elongatus Dawson. The latter can sometimesbe distinguished 
by haviog the posterior cardinal angle more nearly quadrate and by having the sur­
face marked by finer, sharper str·ire, but these characters may not hold good in every 
case. The general resemblance is certainly very marked. 

The fossils from Pella mentioned above can probably be. safely identified with 
Jlf. wrkansasana, and· afford a satisfactory basis for comparison.. From these and 

from "'r eller's figures the Colorado form differs in having the axis slightly· less 
oblique and the anterior lobe larger and better defined, producing a gentle emargina­
tion in front of the umbonal ridge. These differences are slight in degree, and I am . 

\ 

not sure that the two .forms should be separated by more than a varietal distinction, 
if so much. 

+ 

The characters which Weller points out as distinguishing his species from 
JlfyaUna swallowi hold good when the latter is compared with the specimens from 

aU. 8. Geol. Surv. , Mon., vo1. 12, 1886, p. 66. 
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Colorado which 1 have identified with M. arkansasana, with thi8 exception-that the 

sinus above referred to does produce a slight emargination., giving the- inferior 
border a somewhat sinuate outline, which is, however, much less strongly marked 

than in JJ£. swallowi. 
While I have identified .these Colorado shells with a certain degree of confidence 

with a form occurring in the Genevieve division of the Missisl ippian Carboniferous, 

the evidence thus afforded for correlation should not be ove estimated. Modioloid 
and aviculoid shells of this general type are common throu bout upper Devonian 
and Carboniferous time and are distinguished for their varia ility. Herrick figures 

several closely similar shells from the Waverly group of Ohi , identified as Myalina 
mic(&iganensis (pl. 4, fig. 6) and .Llfodiola waverlyensis (pl. , fig. 10), a and· others, 
described or undescribed, doubtless occur. b. The evidence of this species, therefore, 

must be accepted with 'caution. 
Locality and lwrizon.-San ~Juan region (stations 238 , 2385, 2387); Ouray 

limestone. Leadville district (stations 2372, 2377); Lead vi le limestone. Canyon 

(station 2366); Millsap limestone. Pikes Peak quadrangle (station 2371); Millsap 

limestone. Castle Rock quadrangle (station 2367); Millsap li estone. 

MY ALINA KEOKUK W ortben. 

Pl. I, fig. 12. 

1875. ltfyalina keokuk. Worthen, Geol. Surv. Illinois, Rept., vol. 6, p. 52 , pl. 30, fig. 5. 

Keokuk limestone: _Keokuk, Iowa; Warsaw, Nauvoo, and Hamilto , Ill. 

1895. Myalina keokuk. Keyes, Missouri Geol. Surv,, vol. 5, p. 117. (Dat of imprint, 1894. ) 

Keokuk limestone: Bonaparte, Iowa; St. Francisville, Mo. 

My material consists of a single specimen from the S· n Juan region (station 

2382). It has something the shape of a parallelogram, havi g the anterolateral and 

posterolateral margins nearly straight and parallel, and th superior margin, also 
rectil~near, cutting them at an acute angle. The inferior m rgin is rounded. The 
axis is strongly inclined to the cardinal line. The anterolat ral margin is recurved 
so that it is concealed beneath the shell when the latter is vie ed from above. The, 

umbonal portion, though enlarging below, is thin, much elev ted, and projecting. 

This species re~embles J.Vl. congeneris, JJ£. sanctiludovi i, and M. keokuk, but 
especially the latter, by reason of its elevated and proj cting umbo. In size, 
however, it is in accord rather with J.ll. sanctiludm,ici, and a the three species men­
tioned above are very similar to one another, I am not alto ether satisfied that my 

identification is the best one. 

Locality and horizon.~San Juan region (station 2382); 

aSci. Lab. Denison Univ., Bull., vol. 3, 1888. 

b A distinct but evidently related species has recently been described by Weller un er the name of Lithophaga minuta: 

(Acad. Sci. St. Louis, Trans. , vol. 11, No.9, p . 168, pl. 15, fig. 19). 
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CONOCARDIUM Bronn, 1835. 

CoNOCARDIUM sp . . 
One specimen of Oonocardiurn has come to hand, but it is too poor · :for identifi-

cation. It is one of the :forms with an elongated posterior portion like G. catasto­
m'ltrn, but it is :fully three or :four times larger than that species. It is so :far known 
only in the Leadville region. 

Locality and horizon.-Leadville district (station 23'75); Leadville limestone. 

GASTEROPODA. 

PLATYCERAS Conrad, 1840. 

Keyes, :following European usage, advocates a the employment :for this group of 
Paleozoic shells of the- name given by Montfort to a closely similar type of living 

. I 

ones. . He states, b ''the two genera last mentioned [ Oapulus and Platyceras] are prac-
tically coextensive, and, since the first has precedence of more than thirty years, it 

. should be used instead of the second." It is admitted ·on all hands that the recent 
Oapuli are closely related to the Platycerata, but it seems to me improbable thStt the 
same type has survived without change in its generic characters from middle or pos­
sibly early Paleozoic to recent time. The circumstance that the Oapuli are :fairly 
abundant at the present day, and that the Platycerata enjoyed their' maximum 
development during the middle Paleozoic, declining rapidly in the J\tlississippian, c and 
being comparatively rare during most of the Carboniferous and Mesozoic, at least 

. lends color to this view. I therefore propose to retain the Paleozoic Oapuli under a 
name distinct from their living representatives. Regarding the eligibility of the 
name Platyceras, Keyes further states: d "Even if the group to which Conrad gave the 
name Platyceras were a valid one, it is very questionable whether the term could 
stand, inasmuch as it has been pre-occupied :for three-quarters of a century. It has 
long been known that Geoffrey in 1 '764 proposed :for a genus of Coleop~era the name 
Platyceras, a term which was later employed by Latreille, and which continues to 
the. present day in good usage as originally propose9-." I find, however, that the 
spelling given by both Bronn e and Scudderf :for the Coleopterous genus is not Platy­

c;ras, as Keyes cites it, but Platycer'ltS. The objecticm to the employment of Conrad's 
Platyceras being thus removed, I shall retain. it in the force and significance in which 
it has long been known. ' 

a Missouri Geol. Surv., vol. 5, 1894, p . 164 e t seq., and in 

other publications. 

blbid. 

oibid., p. 172. 

d lbid. , p. 164 . . 

e Index Pal reontologicus, pt. 1, Stuttgart, 1848, p. 992. 

!U.S. Nat. Museum, Bull. 19, 1882, p. 251. 

•. 
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PLATYCERAS P ARALIUM White and Whitfield? 

1862. Platyceras paralium. White and Whitfield, Boston Soc. Nat. Hist., Proc., vol. 8, p. 302. 

Chemung group: Burlington, Iowa. 

1865. Platyceras paralium. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 131. 

Lithographic limestone: Clarksville, Mo. 

1888. Platyceras sp. ( cf. P. paralium). Herrick, Sci. Lab. Denison Uhiv., Bull., vol. 3, p, 92, pL 1, fig. 

23 (fig. 22?). 

·waverly group: Licking County, Ohio. 

1889. Platyceras paralium. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 294. 

Kinderhook group: Burlington, Iowa. 

1890. Capul·us paral'ius. Keyes, Am. Geol., vol. 6, p. 9. 

1890 . . Capulus paralius. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 166, pl. 2, figs. la, b. 

Kinderhook beds: Des Moines and Marshall counties, Iowa; Lodi, Ohio. " 

1895. Capulus paraliu8. Keyes, Missouri Geol. Surv., vol. 5, p. 174, pl. 53, figs. la-d. (Date of 

imprint, 1894.) 

Chouteau limestone: Sedalia, Mo. 

Burlington limestone: Louisiana, Mo. 

The material from Colorado consists of three specimens from as many localities 
in the San Juan region, and it occurs entirely in the form of internal casts. These 
show a loosely coiled, laterally compressed shell, without any traces of longitudinal 
plications. It is the form which, occurring in the Madison limestone of Yellowstone 
Park, was briefly described in my report upon the Madison fauna, as Platyc~ras 
form d. As pointed out in that place, a shell of this type has been figured by Keyes 
under the name of Oapulus paralius, a altho~gh it seems to differ rather widely from 
the type specimen of that species represented by fig. 1a of the same plate. The 
Colorado matertal, while attaining a size considerably greater than that from 
Yellowstone Park, is still not quite as large as shown in fig. 1d. 

Locality and lwrizon.-San Juan region (stations 2381, 2382, 2385); Ouray 
limestone. 

ORTHONYCHIA Hall, 1843. 

ORTHONYCHIA FORMOSA Keyes? 

1888. Platyce1·asjormosum. Keyes, Am. Phil. Soc., Proc., vol. 25, p. 242, pl.-, figs. 8, 9. 

Kinderhook group: Marshall County, Iowa. 

1890. Capulusjormosus. Keyes, Am. Geol., vol. 6, p. 9. 

1890. Capulusjormosus. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 164, pl. 2, fig. 8. 

Kinderhook beds: Marshall County, Iowa. 

1892. Orthonychiajormosum. Keyes, Am. Geol., vol. 10, p. 276. 

1895. Orthonychia jormosum. Keyes, Missouri Geol. Surv., vol. 5, p. 189, pl. 53, fig. 2. (Date of 

imprint 1894.) 

Kinderhook group: Marshall County, Iowa. 

Burlington limestone : Louisiana, Mo. 

aMissonri Geol. Surv ., vol. 5, 1894, pl. 53, fig ld. 
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The only speci~en in the collection is an internal cast which shows a rapidly 
expanding, slightly cur.ved, conical shell, the apex of which has been broken away. 

Though somewhat larger, it resembles in general shape Keyes's figure of Orthonychia 
formosa, but the lobation is considerably more indistinct than in his type, and 1 am 

unable to state definitely whether, as in it, there are exactly five lobeti or not. 
Locality and lwrizon.-San Juan region (station 2382); Ouray limestone. · 

STRAPAROLLUS Montfort, 1810. 

STRAPAROLLUS Luxus White. 

1875. ,Euomphalus luxus. White,. U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. ~4, pl. 5, 

figs. 13a, b. (Whole volume published in 1877.) 

Subcarboniferofls: Ophir City, Utah. 

1877. Euomphaluslaxus. Hall and Whitfield, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 260, pl. 4, 

:figs. 24, 25. 

Near base of ·wasatch limestone (Waverly): Dry Canyon, Oquirrh Mountains, and Logan 

Canyon, Wasatch Range, Utah. 

My' material represents for the most part only internal casts, but, fortunately, 

some specimens show clearly that the peritreme was carinated and had a section 
comparable to that of Straparollus l'l£wus. The rise of the· spire is also about the 
same, and a comparison with 'the type and other typical specimens leaves little doubt 

that the Colorado form is conspecific. The latter attains a greater size than has yet 

been observed in St. luxus from the typical area. Some specimens show a major . 
radius of 35 mm., ~nd one has been observed stillla,rger. 

A direct comparison or the. types of the two species leads me to believe that 
StraparolZ.us luxus is probably a synonym of Strapa1·olvus subplanus Hall (Weller 
incorrectly refers the latter to Phanerotinus),a and Straparollus latus should also be 
examined in the same connection. This species is abundant in . the Cr~sted Butte 

region, where alone it has so far been brought to light. 
Locality and hor~~zon.-Crested Butte district (stations 2352,_ 2355, 2357)~ Lead­

ville limestone. 

STRAPAROLLUS OPHIRENSIS Hall and Whitfield. 

1877. Euomphalus (Straparollus) ophirensis. Hall and Whitfield, U. S. Geol. Expl. 40th Par., Rept., 

vol. 4, p. 261, pl. 4, :figs. 26, 27. 

Waverly group: Dry Canyon, Oquirrh Mountains, Utah. 

This s~ecies has been identified at three localities, two of them (stations 2362 
and 2363) b

1
eing in the Aspen region, the other (station 2352) in the Crested Butte 

region. T~e specimen$ from Frying Pan Creek (station 2362) are identified with 

some confi~ence. A less degree of assurance is felt regarding two small imperfect 
examples frpm station 2352 and some very fragmentary specimens from station 2363. 

I aU.S. Geol. Surv., Bull. No. 153, p.'420. 

I • 
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Locality and horizon.-Crested Butte district (station 2352); Leadville limestone. 

Aspen district (stations 2362; 2363 ~); Leadville limestone. 

STRAPAROLLUS UTAHENSIS Hall and Whitfield. 

1877. Enompha.lus (Straparollns) ntahensis. Hall and Whitfield, U. S. Geol. Expl. 40th Par., Rept., 

vol. 4, p. 259, pl. 4, figs. 20-23. 

Near base of Wasatch limestone (Waverly): Dry Canyon, Oquirrh Mountains, Ogden, and 

'Logan canyons, ·wasatch Range, Utah. 

189~. Straparollns utahensis. Girty, U. S. Geol. Surv., Mon., vol. 32, pt. 2, p. 573, pl. 66, figs. 10a-10c. 

Madinon limestone: Yellowstone National Park. 

This species is represented in the Aspen region by a single specimen. It is 

mostly exfoliated, but there is evidence of a carination centrally located on the upper 
surface of the peritreme. This specimen also differs from similar casts of St. luxus 

by reason of its depressed spire, which is lm':er than the outer volution. These 

characters ally it to St. utahensis, though it attains a much greater size than has yet 

been .observed in that species. It shows a major axis of 60 mm., and the outer 

volution is 32 mm. thick. Straparollus utahensis should he compared with St. roberti., 
to which it is closely related. 

Two specimens from the SanJuan region (station 2381), though not well preserved. 
can be referred with considerable certainty to this specie~. 

Locality and horizon.-San Juan region (station 2.381); Ouray limestone. Aspen 

district (station 2362 ~); Leadville limestone: 

STRAPAROLLTJS cf. SPERGENENSIS Hall. 

1856. Euomphalns spergenensis. Hall, Albany Inst., Trans., vol. 4, p. 19. 

St. Louis limestone: Spergen Hill and Bloomington, Ind. 

1882. Euomphalus spergenensis. Whitfield, Am. Mus. Nat. Hist., Bull., vol. 1, p. 69, pl. 8, figs, 16-19. 

St. Louis group: Spergen Hill, Paynters Hill, Bloomington, and Ellettsville, Ind. 

1883. Enomphalus spergenensis. Hall, Geol. Surv. Indiana, 12th Rept., p. 350, pl. 31, figs. 16-19. 

St. Louis group: Spergen Hill, Lanesville, and Bloomington, Ind. 

1895. Straparullus spergenensis. Keyes, Missouri Geol. Surv., vol. 5, p. 159. · (Date of imprint 1894.) 

St. Louis limestone : St. Louis, Mo. 

This form has been found only in the Lead ville region and the identification 

adopted is that suggested in the list of Blue limestone species given on page 66 of 

the Leadville monograph.~ A few specimens obtained from the Leadv,lle limestone 
show indeed a close resemblance to St. spergenensis. They vary considerably among 

themselves in the rise of the spire, but the limits ascribed to Hall's species in this 
particular are not exceeded. The more elevated ones are like the specimen figured 

by Whitfield (loc. cit., pl. 8, figs. 16, 17, 18), but there are others which, if not 
deformed by compression, have the spire nearly flat, closely corresponding to the 

types of the species (fig. 19) and to the dominant form at Spergen Hill. 

aU. S. Geol. Surv., .Mon., vol. 12, 1886. 
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vVhile these shells are similar to the Genevieve species, St. sperr;enensis, they 

show frilly as cl?se resemblance to St. ammon of the Kinderhook and lower Burling­

ton periods, or they migh~ he regarded a:s a slightly undersized variety of St. 
macromphalus Win., also of the Kinderhook; and it is quite possible that they are 
only immature specimens of some such species as St. luxus, the younger· stages of 

which they closely imitate. 
Locality and lwrizon.-Leadville district (stations 2374, 2376); Leadville 

limestone. 

LOXONEMA Phillips, 1841. 

LoxoNEMA~ sp. 

This rather striking form has been observed at three localities. Two of these 
(stations 2350 and 2358) are in the Crested Butte region; the other (station 2363) in 

. ' 

the Aspen region. Though the material obtained is so poor as to rendei" even . its 
generic reference uncertain, there is considerable probability that in each occurrence 
the :species is the same. It is a large, elo~gate, spiral shell, with a diameter ·below· 

of perhaps 35 mm. or more and an altitude of certainly not less than 60 mm. 
There must have been seven . or eight wh01:ls. The surface appears to h3:ve been 
smooth. A similar and perhaps identical form occurs in the Chouteau limestone of 

Pettis County, Mo. 
Local1~ty and horizon.-Ciested Butte district (stations 2350, 2358); Leadville 

limestone. Aspen district (station 2363); Leadville limestone. 

PLEUROTOMARIA Defrance, 1824. 

PLEUROTOMARIA ~ sp. a. 

Shell small; greatest diameter, 10 ·mm. Spire low, probably not exceeding 
7 mm. ·from the middle of · the inferior portion to the apex. Whorls, probably 
three or four. Umbilicus, probably closed. Peritreme, flattened above (for about 
2.5 mm. near the aperture) and gently sloping downward. · There is a strong 

a~gulation where the return contour begins, the r~mainder of the outline being 
formed by a rather full curve. A short distance below the angulation, where the 
surface is still nearly vertical, two ridges, probably representing a comparatively 

broad band, . are seen. The upper, which is the stronger, is about 1.5 mm. below 
the angulation. 

A single specimen, an internal cast, is aU that has yet been discovered of this 

species. No serious effort has been made to determine its specific affinities, and 
it is probably indeterminable. It is certainly distinct from the ·Pleurotomaria 
represented-by an impression from Larimer County. 

Locality and horizon.-Canyon (station 2366); Millsap limestone. 
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P JEUROTOMARIA? sp. b. 

As mentioned by White, a ambng the impressions from Larimer County is one of 

a small gasteropod shell. It co/nsists of about four volutions which are flattened 

above and angulated. The spire /is high. This shell may be a pleurotomarioid, but 

in general configuration it prese~ts many features in common with a form described 

by White as Macrocheilina anguli.J(era. It is much smaller than that species, howev~r, 
and more slender, and probably }vas derived from a much earlier geologic period. 

Locality and horizon.-Petlbles of Millsap limestone P) in the Red Beds 

conglomerate, Larimer County (~tation 2364). 

BELLE,ROPHON Montfort, 1808. 

/BELLEROPHON sp. 

At station 2350 in the CresJed Butte district and station 2381 in the San Juan 

region sing. le specimens of B eller[1.phon have come to hand, representing, not improb­
ably, th~ same species. As one specimen is an internal cast and the other is com­
pletely embedded in chert, but few characters of importance can be ascertained. 

The species seems to be a large olne and the axial diameter of the larger specimen (at 
the aperture) is about 40 mm.; t~e longitudinal, 45 mm. It somewhat resembles B el­
lerophon crrassus and probably caf be referred to the genus B elleroplwn sensu stricto. 

Locality and horizon.-San Juan region (station 2381); Ouray limestone. 
Crested Butte district (station 23

1

bo); Leadville limestone. . 

I CRUSTACEA. 

PHIL~IPSIA Portlock, 1843. 

PHILLiPSIA P~ROCCIDENS Ha-ll and Whitfield. 

1877. P1·oetus pe1·occidens (pars). Hall] and Whitfield, U. S. Geol. Expl. 40th Par., Rept., vol. 4, 

p. 262, pl. 4, figs. 31, 32, 30 (?), (non figs. 28, 29=Phillipsia loganensis). 

Waverly group: Ogden and Lf gan canyons, Wasatch Range, and Dry Canyon, Oquirrh 

Mountains, Utah. I 

1887. Proetusperoccidens (pars. ). Vogd[es, New York Acad. Sci., Ann., vol. 4, p. 79. · 
Waverly group: Ogden, Logan Canyon, Wasatch Range, and Dry Canyon, Oquirrh Moun­

tains, Utah. 

In discussing Proetus logane sis in 1899 b I expressed a doubt as to the propriety 

of referring to P. peroccidens c' rtain cephalic shields which, though associated with 
the pygidia characteristic of th~t species, are yet very different in the character of 
their surface ornamentation. T e pygidium of P. peroccidens, it may be remarked, 
is highly ornamented with rows of nodes or pustules, while the surface of P. logan-. 

aU. S. Geol. Qeog. Surv. Terr., Bull., vol. 5, 1879, p . 215. bU. S. Geol. Surv., Mon., vol. 32, pt. 2, 1899, p . 578. 
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ens'bs Is smooth. The cephala referred by Hall and Whitfield to P. peroccidens, 
however, while correspondingly larger than the pygidium upon which P. loganensis 
is based, and though occurring on the same slab as the types of P. peroccidens, are 

yet entirely without the ornamentation of the latter species. 
During the past few years I have handled more or less material containing this 

fauna, and in it have noticed on several occasions a large cephalic shield ornamented 

with numerous prominent nodes. At station 2382, in the San Juan region, one 
of these ornamented cephala is associated with an ornamented pygidium clearly 

belonging to the specie~ P. peroccidens, while in Yellowstone Park the smooth heads 
and pygidia occur together. It seems quite conclusive, therefore, that part of 

P. peroccidens as defined by Hall and Whitfield, and all of that species as defined 
by myself, must go with P. loganensis. These changes in sy~onymy have been · 

made in the list preceding this diseussion. 
This species,. in view of the large number of segments in the axis of the-pygi­

dium, the distinctness of the lateral lobes of the glabella, and the strong circular 

basal lobes, should, it seems, be properly referred to the genus Phillipsia. . 
Locality and horizon.~San Juan region (station 2382); Ouray limestone. 

LEPERDITIA Rouault, 1851. 

LEPERDITIA sp. 

Two specimens of ostracodes, one a L e_perditia, the other a Beyrichia, were 
found in the Millsap limestone at Perry Park (station 2389) . . The material is b.oth 

scanty and imperfect, but since these were the only ostracodes obtained from this 
horizon it has seemed worth while to make some record of their presence. 

The single Leperditia is preserved as an internal cast. It is a small left valve 
having a width of about 2 mm. and a hBight of 1t mm. The convexity is moderat~. 
The anterior end is somewhat narrower than the posterior. The posterior outline 

appears to have little or nothing of a backward swing, but is rathe~· regularly 
rounded, meeting the ventral outline possibly somewhat abruptly. There are indica­

tions of a large, round, subcentral, muscular imprint, but I am not sure that what 
appears to be such is not an accidental character of the rock. The ocular tubercle. I 
have been unable to distinguish. 

Locality and horizon.-Castle Rock quadrangle (station 2389); Millsap limestone. 

BEYRICHIA McCoy, 1844. 

BEYRICHIA sp. 

Like the pteceding, this species, of which a single specimen has been found, is 

represented al:! an internal cast in white chert, in which the fossils of this horizon 
cb~efly are found. The shell, which is ·a right valve, is quite a small one, having a 
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width of only about 1 mm. and a height of one-half mm. The shape is transversely 

elliptical, there being very little difference in height apparent between the two ends. 
The median lobe is small, circular, strongly marked, and has about three-fifths of the 

shell anterior to it. A deep furrow bounds it centrally, giving off a branch which 
extends a· short distance toward the anterior end and disappears, thus marking off, but 

imperfectly, an anterior lobe considerably larger than the small circular one. The 
dorsal portion of the cast is flattened, the anterior abruptly elevated and ridge-like. 

Locality and horizon.-Castle Rock quadrangle (station 2389); Millsap limestone. 

PENNSYLVANIAN SPECIES. 

PROTOZOA. 

FUSULINA Fischer de \Valdheim, 1830. 

FusuLINA CYLINDRICA Fischer de W aldheim. 

1830. Fusulina cylindrica. Fischer de \Valdheim, Oryet. du Gouv. Moscou, pl. 13, figs. 1-5. 

, (Another edition of this work which I have not seen appeared in 1837. Probably to this 

edition the usual references, p. 126, pl. 18, apply, as they do not to the early one. 

1R58. Fusulina cylindrica. Meek and Hayden, Acad. Nat. Sci. Philadelpia, Proc., p. 260. 

Carboniferous: Valley of the Kansas River, Kansas. 

1859. Fusulina cylindrica. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p; 24. 

Coal Measures: Kansas. 

1861. ·Fusulina cylindrica. Newberry, Ives's Colorado River Expl. Exped., p. 129. 

Coal Measures: Kansas. 

1864. F·usulina r;ylindrica. .Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, p. 14, 

pl. 1, figs. 6a-i. 

Coal Measures: Ohio to Kansas and Southwestern Nebraska, and South to Texas, 

1864. F'u.,sulina cylindrica'! J\1eek, Pal. California, v?l. 1, p. 4, pl. 2, figs. 2, 2a. 

Carboniferous: Bass's ranch, Shasta County, Cal. 

1866. Fusulina cylindrica. Geinitz, Carb. und Dyas in Nebraska, p. 71, tab. 5, fig. 5. 

Upper Coal Measures: Plattsmouth, Nebr. 

1872. Fustdina cyl·indrica. Meek, U. S. Geol. Surv. Nebraska, p. 140, pl. 1, fig. 2; pl. 2, fig. 1; pl. 5, 

figs. 3a, b; pl. 7, figs. Sa, &. 

Upper Coal Measures: 2~ miles west and 1 mile southeast of Nebraska City; Bennett's Mill, 

Wyo.; Rock Bluff, Plattsmouth, Bellevue, and Omaha City, Nebr. 

1877. Fusulina cylindrica. \Vhite, U. S. Geog. Geol. Surv. vV. lOOth Mer., Rept., vol. 4, p. 96, pl. 6, 

figs. 6a1 b. 

Carboniferous : vVasatch Range, south of Spanish Fork; Uiyabn Pass, Gosute Range; near 

Beckwith Spring, Cedar Range; near the mouth of Spanish Fork Canyon; southeast of Mount 

Nebo; all in Utah. 

1877. Fusulina cylindrica. Whiteaves, Geol. Surv. Canada, Rept. Prog., 1875-76, p. 97. 

Carboniferous or Permian: Rear of Fort St. James, Stewarts Lake, BrWsh Columbia. 

1884. Fusuz.ina cylindrica. White, Geol. Surv. Indiana, 13th Rept_. , p. 116, pl. 23; figs. 1-3. 

Coal Measures: Ohio to California; limestone roof of coal K, Lodi, Fountain County, Ind. 
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1887. F'usulina cylindrica. Herrick, Sci. :f:ab: Denison Univ., Bull., vol. 2, p. 50, pl. 3, fig. 20. 

Coal Measures: Flint Ridge, Ohio. 

1891. F'usulina cylindrica. Keyes, Acad. Nat.. Sci. Philadelphia, Proc., p. 245. 

Lower Coal Measures: Des Moines, Iowa. 

1894. F'usulina cylindnca. Keyes, Missouri Geol. Surv., vol, 4, p. 102, pl. 12, figs. 1 a-c. 

Coal Measures: Kansas City and Lexington, Mo. 

1899. F'usulina cylindrica. Smith, Kansas Acad. Sci., Trans., vol. 16, p. 64, figs. 1-4. 

1900. Fusulina secalica. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 10, pl. 1, figs. 1, lb. 

Upper Coal Measures: Kansas. 

The genus FU!SuUna experienced a long range in the Carboniferous strata of Colo­
rado, although it is possibly less abundant at the lower horizons than at the upper. 

The lowest ascertained occurrence of the genus is at Ouray, where it is plentiful 
at an horizon about 100 feet above some beds with fossil plants, the evidence of 
which, though not conclusive, would favor correlating them with the lower portion 
of the Lower Coal Measures as developed in . the Pennsylv~nia section. In the San 
Juan reg.ion also Fusulina is found toward the base, as well as nea~ the top, of the 
Carboniferous section, and a range probably of 2,000 feet must be assigned to it in 
this area. A similar range is indicated by its occurrence at Leadville. 

It is difficult to correctly estimate the shape and size of these small bodies, as 
they lie promiseuously diffused through the rock in which they are em bedded, but 
examples from the same locality seem to be in essential agreement with eacb other 
in the particulars named, while, with the exception of a station in the Crested Butte 
region (2312), all the occurrences noted appear to belong to the same species. This 
opinion, ho'Yever, is based upon their agreement in external characters and lacks the 
corroboration of microscopic study. a 

The prevailing form in the Colorado collections is · rather small and spindle shaped, 
with an axial diameter of from 3 to 4 mm. ·and a radial diameter of from 1. 5 to 2 mm. 
While there seems to be but little variation in F. cylindrica as it appears at differ­
ent localities, specimens from the San Juan region often attain a h~,rger size than 
elsewhere. 

It is doubtless true that wherever this species has been found it is abundant, 
but this circumstance probably proceeds from the fact that owing to its minute size 
it attracts attention only when present in large numbe.J;"s~ But if its rarer occur­
rences were known it would perhaps be found to be rather continuously represented 
in the rocks than, as seems now, at remote but prolific intervals. 

Beede employs the name Fusulina secalica instead of the more familiar one 
proposed by Fischer, the specific portion of the combination being due to Say. The 
latter originally referred his types, which were obtained on the :Missouri River near 
the Platte, to Miliolites, but it is clear that he had a species of Fusulina. In view 

a Microscopic study of these shells, as far as it has been carried by me, tends to confirm the opinion that tlley belong 

to one species. 
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of our inadequate knowledge of the fossils which Say called Miliolites secaUcus, it 
seems to me inadvisable at present to substitute it for the name in current use. 
Furthermore, since Say . states that JJ£. secal,Z:cus has a length of three-tenths of an 
inch and a diameter of one-sixteenth, it appears that his species is larger and differ­

ently proportioned from the one under discussion. 
It may not be out of place to mention at this point that evidence exists of the 

presence of foraminifers other than Fusulina in the Colorado Carboniferous. Near 
Ouray (station 2195b) minute shells whose foraminiferal nature is very probable 

occur in c~nsiderable numbers. As they are known only in thin sections, and as 
identification in this condition is very difficult, it seemed unprofitable to continue 
their investigation. 

Locality and horizon.-San· Juan region (stations 2199, 2208, 2210, 2211, 2213, 

2221, 2227, 2232, 2233, 2235, 2237, 2286, 2339); lower, middle, and upper portions of 
the Hermosa formation. Ouray (stations 2194~ 2195b, 2195c); Hermosa formation. 
Crested Butte district (stations 2290, 2293~ 2305, 2308, 2321); Weber limestone and 
Maroon formation. 

FusULINA CYLINDRICA var. VENTRICOSA Meek and Hayden? 

1858. Fusulina cylindrica var. ventricosa. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 261. 

Carboniferous: Juniata and Manhattan, Kans. 

1859. Fusul~na cylindrica var. ventricosa. Meek and Hayden, Aca,d. Nat. Sci. Philadelphia, Proc., p. 24. 

Coal Measures: Manhattan and Juniata, Kans. 

1873. Fusulina ventricosa. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 560, pl. 24, fig. 8. 

Coal Measures: Fulton and Peoria counties, Ill. 

1874. F'usulina ventricosa. Meek. Am. Jour. Sci. (3), vol. 7, p. 484. 

In the Crested Butte region (station 2312) occurs a form of Fusulinct in moder­

ate abundance which differs considerably from the type common in the rest of the 
collection. It is smaller and in shape nearly spherical. Its axial diameter is ~nder 
1 mm. and its radial diameter is somewhat less. 

This form seems rather closely related to that figured by Meek and Worthen 
under the name of Fusulina 1Jentricosa, although it is very much smaller. I mistrust 
that the F. ventricmsa of their reference may not be the same as that to which the 

name F. cylindrica var. ventricosa was originally 3i>plied . . 
Locality and horizon.-Crested Butt~ district (station 2312); Weber limestone. 

SPONG lA. 

HY ALOSTELIA Zittel, 1878. 

HYALOSTELIA. sp. 

Crossing the surface of a slab of limestone from !).ear Molas Lake in the Silver­
ton quadrangle (station 2279) are large numbers of an unusual fossil which I at first 

\ 



320 CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO. 

took to he Productus spines, but which; it seems, can be properly referred· only to .a 

sponge of the genus Hyalostelia. These obodies consist of nearly straight, smooth, 

slender, cylindrical rods of several sizes, all, or nearly all, lying in the ~arne direc -, 

tion, cont_iguous and superimposed. Some of the largest have a diameter of hut 

little less than 0. 5 mm., and one of them has been traced to a length of 82 mm~ In 

this distance the taper is almost imperceptible . . Besides the large rods there are 

others of almost hair-like proportions, and. altogether of both sorts there must be 

many. hundred. No anchoring hooks or other peculiar terminal formations have 

been observed. While most of the spicules have a nearly or exa~tly identical direc­

tion, a few fine and fragmentary ones are directed moTe or less transversely to them. 

There can he little doubt that these bodies are the basal. tuft of a sponge of a type £or 

which the name Ily~lostelict was proposed. No spicules of different type have been 

observed, the shorter ones being Gylindrical like the larger and doubtless but frag- · 
fnents of them; 

Locality and lwrizon.-San Juan region, Silverton quadrangle (station 2279); I 

lower portion of the Hermosa formation. 

HYSTRIOSPONGIA Ulrich, 1890. 

H YSTRIOSPONGIA ? sp. 

From the same station which furnished the specimen of I-Iyalostelia just men.­

tioned another quite different sponge was obtained. It occurs in a calcareous black 

shale, on the surface of which it appears as a superficial entanglement of spicules, 

with a circular shape and a diameter of about 20 mm. The spicules are so meshed 
' , 

together that it is impossible to make out their characters as completely as desirable. 

They seem to con~ist of :fine, slender, rod-like elements, having a radial · direction. 

No trifid -spicules have been observed, but such might readilyescape notice. 

Locality and horizon.-San Juan region, Silverton quadrangle (station 2279); 

lower portion of the Hermosa formation. 

CillLENTERATA. 

LOPHOPHYLLUM Milne-Edwards and Haime, 1850; 

LoPHOPHYLLUM PR(;FbNDUM Milne-Ed wards and Haime. 

1851. Cyathaxonia profunda. Milne-Ed wards and Haime, Monog. des Polyp. Foss., p. 32~. 

Carboniferous: Flint Ridge, Ohio. 

1860. Cyathaxonia profunda. Milne-Edwards, Hist. Nat. Corr., vol. 3, p. 331. 

Carboniferous: Ohio. 

1860. Oyathaxonia prolijera. McChesney, Desc. New Spec. Pal. Foss., p. 75. 

Coal Measures: Widely distributed in the W~stern States. 

· 1865. Cyathaxonia prolifera. McChesney, Illustrations New Spec. Foss., pl. 2, figs. 1-3 .. 
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1866. Oyathaxonia (?) sp. Geinitz, Carb. und Dyas in Nebraska; pp. 65, 66, tab. 5, figs. 3, 4. 

Upper Coal Measures: Plattsmouth, Nebr. 

1868. Oyathaxonia prolifera. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 1, pJ. 2, figs. 1-3. 

Coal Measures: Springfield, Ill. 

1872. Lophophyllum proliferum. Meek, U. S. Geol. Surv. Nebraska, p. 149, pl. 5, figs. 4a, b. 

Upper Coal Measures: Nebraska City and Rock Bluff, Nebr.; Springfield ~nd Lasalle, Ill.; 

Texas. 

1873. Lophophyllum proliferu,m. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 560, pl. 24, 

fig. 1. 

Upper Coal Measures: Springfield, Ill. 

1876. Lophophyllum proliferum. White, Powell's Rept. Geol. Uinta Mountains, p. 88. 

Lower Aubrey group: Confluence of Grand and Green rivers, Utah. 

1884. Lophophyllum proliferum. ·white, Geol.Surv. Indiana, 13th Rept., p. 118, pl. 23, figs. 6, 7. 

Coal Measures: Indiana; Illinois; Iowa. 

1887. Cyathaxonia prolifera. Foerste, Sci. Lab. Denison Univ., Bull., vol. 2, p. 86, pl. 7, figs. l5a-c. 

Coal Measures: Flint Ridge and Bald Hill, Ohio. 

1888. Lophophyllum proftmda. Foerste, Sci. Lab. Denison Univ., Bull., vol. 3, p. 136. 

Coal Measures: Flint Ridge, Ohio. 

1888. Lophophyllum proliferum. Keyes, Acad. Nat. ScL Philadelphia, Proc., p. 225. 

Lower Coal Measures: Des Moines, Iowa. 

1890. Lophophyllum profundum. Worthen, Geol. Surv. Illinois, Rept., vol. 8, p. 79, pl. 10, figs. 14, 14a. 

Coal Measures: Lasalle, Ill. 

1894. Lophophyllurnproliferum. Keyes, Missouri Geol. Surv., vol. 4, p. 115, pl. 13, figs. Sa, b. 

Upper Coal Measures: Kansas City, Mo. 

1897. Lophophyllum proliferum. Smith, Am. Phil. Soc., Proc., vol. 35, p. 25. 

Upper Coal Measures: Poteau ~ountain, Indian Territory. 

1900. Lophophyllum profundum. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 17. 

· Upper and Lower Coal Measures: Fort Scott, Marmaton, Bourbon County, Thayer, Olathe, 

Kansas City, Lawrence, Lecompton, Topeka, McFarland, Grand Summit, Kans. 

This species h~s been ~dentified at nine localities, but it is represented for the 

most part by only one or two specimens at each. The material is not only scanty 

but it is frequently fragmentary. It shows a high degree of variation in essential 

points, such that in some examples, especially in the .younger stages, it is not even 

clear whether a pseudo-columella has been developed or not. In some specimens many 

interseptal plates are present, in others none at aU-at least in the sections examined. 

Hometimes the septa are almost diagrammatic in their regularity and arrangement; 

at other times they are contorted and their extremities connate into varying groups. 

Occasionally the latter irregularity is carried to an extreme. Perhaps the most 

diagnostic character consists in the number of the septa, and upon this basis it 
is possible to distinguish two groups among the specimens examined. In one of 

thel:le there are about 21 primary septa, in the other from 24 to 30. Alternating 

with these, especially in the calicinal portion of the corallum, can sometimes be seen 

an equal number of shorter secondary septa. Specimens from stations 2222, 2302, 
14364-No. 16-03-21 
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and possibly 2329b belong to the group with 21 septa. To the other belong speci­

mens furnished by stations 2202, 2204, 2233, 2241, 2285, and 2299. I am in doubt 
about th~ bearing which more extensive collections would have in the matter of the 
validity of the two groups wh~ch my material indicates, whether it would establish 
them as distinct species or varieties, or demonstrate that t~ey are only mutations of'­

a single radical. I have placed all with the weU-known L. profundum, but it is with 
a feeling of dissatisfaction at this disposition. 

Locality and lwrizon.-San Juan region (stations -2202, ~204, 2222, 22:33, 2241); 
middle and upper portions of the Hermosa formation. Dolores River region, Sin­
bads Valley (station 2285); Hermosa formation. Crested Butte district (stations 

2299~, 2302, 2319); Maroon formation. Grand River region, Glenwood Springs 
(station 2329b~) . . Uinta Mountain region, overlooking Yampa River (station 2191). 

AMPLEXUS Sowerby, 1814. 

AMPLF.xus sp. 

Only two specimens of this species have y~t been found: both from the San t_T uan 
-region, but each fr_om a different locality. One, .from the mouth of Hermosa Creek 

(station 2242), is nearly indeterminable, but it probably belongs to the same species 
as the other, which was found near Deadwood Gulch in the Rico quadrangle (station 

2222). 

The latter is small~ conical, and wnere the diameter measures 7 mm. has 18 septa 
which reach about halfway to the center. There is no dissepimental tissue, the 
remaining cavity being dissected by tabulre. 

The characters shown by this material indicate that it belongs with the genus 

Amplexus rather than with Zaphrentis or Oampophyllurn. . The only known species 
of Amplexus from,the Upper Carboniferous of America is A. zaphrentiformis White, 

young specimens of which, when sectioned at the same s~ge, differ materially f~om 
the form under consideration. The septa are somewhat more numerous, reach quite 
to the center, and inclose a large, well-marked fossula. I would_ scarcely be justified, 
therefore, in regarding these fossils as representatives of White's species. 

, This coral quite strikingly resembles, in some particulars, the species which 

Beede d~scribed as Amplexus 'westi,a but that form, as Beede has sine~ shown,b is 
clearly a member of the genus Lophophyllum. 

' Locality and lwrizon.-San Juan region (station~; _2222, 2241); middle and upper 
portions of the Hermosa formation. Crested Butt district (station 2316); Weber 

limestone. 

«Kansas Univ. Quart., vol. 7, 1898, p. 17. 
bUniv. Geol. Snrv. Kansas, Rept., vol. 6, 1900, p. 18. 
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CAMPOPHYLLUM Milne-Edwards and Haime, 1850. 

CAMPOPHYLLUM TORQUIUl\;1 Owen. 

1852. Cyathophyllum ( vermiculare.'R). Owen, Geol. Surv. Wisconsin, Iowa, and :Minnesota, pl. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 

1852. C.vathophyllum torguium. Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, pl. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 

1852. Oyathophyllum jlexuosum ('!). Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, pl. 4, figs. 

3a, b. 

Carboniferous limestone: Near mouth of Keg Creek. 

1872. C'ampophyllt~m torguium. Meek, U. S. Geol. Surv. Nebraska, p. 145, pl. 1, figs. la-d. 

Upper Coal Measures: Rock Bluff and Cedar Bluff, Nebraska; Iowa. 

Coal Measures: Illinois. 

1884. Campophyllum torquium. ·white, Geol. Surv. Indiana, 13th ,Rept., p. 119, pl. 23, -figs. 10-13. 

Upper Coal Measures: Iowa; Missouri; Nebraska; Illinois; Indiana. 

1894. C'ampophyllum torquium. Keyes, Missouri Geo( Surv., vol. 4, p. 107, pl. 12, figs. 7 a--:c; pl. 13, fig. 7. 

Coal Measures: Kansas City, Mo. 

1900. Campophyllwm torquium. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 19, pl. 4, fig. 1; pl. 

. 5, figs. 1-4_ 

Coal Measures: Kansas City, Jefferson, Douglas, and Chautauqua counties, _Kans. 

The fossils representing this species are in no instance abundant, and they are 

usually in a poor condition of preservation. They can probably safely be referred, 

however, to the common 0. torqui-wn. 
Locality and lwrizon. -San Juan region (stations '2206, 2208); upper portion of 

Hermosa formation. Ouray (station 2194); Hermosa formation. Crested Butte 

district (stations 2291, 2298, 2312); Weber limestone and Maroon conglomerate. 

ZAPHRENTIS Rafi~esque, 1820. 

ZAPHRENTIS GIB~ONI White. 

1884. Zaphrentis gibsoni. White, Geol. Surv. Indiana, 13th Rept., p. 117, pl. 23, figs. 4, 5. 

Coal Measures: Vermilion County, Ind. 

White calls attention to the fact that the genus Zaphrent,is, which occurs so 

abundantly in the earlier Carboniferous and thr~mghout the Devonian, is very rare 

in strata of Upper Carboniferous age. Only three specimens in our collections 

from Colorado can be referred to Zaphrentis, and each was found at a separate 

locality. They are in mutual agreement in having 35 somewhat alternating septa, 

but present minor differences in regard to rate of enlargement, prominence of the 

fossula, amount of interseptal tissue, etc. As these points are susceptible of consid­

erable variation within the limits of a single species, they do not in this instance, 

it seems to me, call for a subdivision of the small group of forms presented for 
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study. As these agree, in all the points mentioned by White in his description, 
with Z. gibsoni, I have referred them to that species without much hesitation. 

Locality and lwrizon.-San Juan region (stations 2216, 2332); middle and upper 
Hermosa. Crested Butte district (station 2312); Weber limestone. 

MONILIPORA Nicholson and Etheridge, 1879. 

MoNILIPORA PROSSER! Beede. 

1898: Aulopora prosseri. Beede, Kansas Univ. Quart., yol. 7, No. 1, p. 18. 

Upper Coal Measures: Lyndon, Osage County, Kans. 

1900. Aulopora? prosseri. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 23, pl. 3, fig. 2; pl. 4, fig. 2. 

Upper Coal Measures:· Lyndon, Osage County; Lecompton and near Twin Mounds, Douglas 

County, Kans. 

This form occurs in large masses in some thin limestones outcropping along the 
Silverton road in the Engineer Mountain quadrangle (station 2199). It agrees in so 

· many particulars with Aulopora? prosseri, as the latter is represented in Beede's 
illustrations and descriptions., that it probably belongs to the same species. 

Beede calls attention to the .large size to which coralla of this species sometimes 
attain, citing one colony which, though incomplete, measured 22 inches across. At 
the Colorado locality a growth, belonging apparently to a singie colony, formed a bed 

from 3 to 6 inches high, which covered till area of 9 square feet and probably consid­

erably more. While the size of the colony in these instances is suggestiv-e rather of 
the genus Syringopora, the manner of growth is different, for instead q£ coQsisting of 
long,' nearly parallel corallites connected by stolonal arms, the individuals are short 
and variously directed. They bud persistently, and I judge, although the imperfect 

manner in which the specimen is seen embedded in matrix may be misleading, that 
with few exception each corallite gave off two buds at a time, and perhaps more than 

once. There results a thick entanglement of corallites pointed in various dire.ctions; 
and though the component units are short and not connected and supported by 

stolonal growths, as in Syringopora, they contrive to build up a colony, :as has been 

said, of several inches in height and very great spread. They are· no doubt enabled 
to do this through the circumstance that the cell walls are excessively thickened, 
so that the lower portion of the_ corallites are nearly, possibly entirely, closed in 
this manner. It is naturally by concentric deposition that the walls are thickened; 
and as all the layers are not of quite the same consistency, weathered specim_ens 

sometimes prese1_1t an appear~nce which simulates the well-known internal structure 
of Syrinqopora, but here the lines which might be mistaken for infundibuliform 
tabulre are invariably completely circular, which is rarely the case in Syringopora, 
and they are parallel to the walls instead of converging to the center. The real 

, structure, as· unmistakably shown in thin sections, is with the inner space, though 
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much diminiRhed through the tl,icken!ng of the walls, uninterrupted by partitions. 

The average diameter is 2 mm. or less, as in typical Anloporal prosseri, the 

shape is tubular rather than campanulate, and, indeed, the agreement in many 

particulars is close. On the other hand, there are important differences, among 

which may be mentioned the apparent absence from my material of tabulre and 

pseudosepta, and the fact that the corallum of typical Aulopora.~ prosseri is described 

as prostrate and bifurcating, while in that before me the corallum is certainly not 

prostrate; for instead of having a thickness of from 3 to 7 mm., as I judge to be the 

c::tse in the eastern form, it ~s ten times that, or 6 em., and more; nor is the growth, 

so far as I have made out, so much bifurcating as that the corallites put forth 

simultaneously two lateral buds, each of these two others, and so on. 

In the Coal Measures of Kansas occurs a form which is probably congeneric 

with this one, althoug·h the species is different. The mode of growth is more regular 

-than in the Colorado form, and the general appearance is much like that of Syringo­
pora. The corallites are long, erect, and approximately parallel. The mode of 

increase is by budding, and two offshoots are as a rule developed simultaneously. 

The corallites are ·not generally connected by stolons, but occasionally root-like 

processes are put out .somewhat as in EridophyZZ.um. These seem to be invariably 

solid and are of a different character from the stolonoid process which connects the 

incipient bud with its parent. The cell walls are extensively thickened. In the 

aperture of weathered specimens, where the wall is thinner than in the older portions, 

there cari frecp~ently be made out a number of indistinct septa or pseudosepta. The 

interior is otherwise entirely without structures in most cases, but in a few instances, 

for a limited space, the cavity is intersected by numerous closely arranged, slightly 

concave tabulre. 

It seems to me that the three forms here mentioned belong to the saiiJe generic 

group. The mode of growth is rather different in the original Aulopora.~ prosseri and 

the form last mentioned, which I have no doubt has often been identified as Syringo­
por·a mttltctttennnatct McChesney, but the Colorado form, which may not be specific­

ally identical with Beede's species, is intermediate in this regard. The syringoporoid 

coiony mu:::;t also have had a similar creeping growth in its earlier stages. I have 

not observed pseudosepta or tabulre in the Colorado specimens, but the former are, 

as a rule, to be seen only in weathered examples, while a large number of syringo­

poroid specimens from Kansas were examined before the tabulation was observed. 

The generic relations of all three forms is, I believe, with Monilipora. This is 

particularly evident in the case of A1..tlopora? prosseri, though the tabulation, rare in 

the latter, seems to be unknown in that genus. The growth of the syringoporoid 

colonies is also unlike . that of Monilipora, but may be a development of it. All 

these species need to be thoroughly studied and revised; but it is my belief at present 
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that it would be departing from their obvious relationsh.ips to discriminate them by 
more than specific rank. 

Several years ago I described under "-'\1Jringoporaa two species, ~hat present ce~·:­
tain close resemblance to some forms for which Grabau about .the same time proposed 
the generic name Oeratopora. Structurally my .species seem to belong to Grabau's 
genus, but they differ in their mode of growth in the same manner that Syringopora 

does from Aulopora and the erect forms tentatively referred to .M'onilipora do from 
the typical ones. The parallelism in growth shown by these species is significant, 
and seems to me to indicate that this character should be given only . secondary 
importance. I am not sure but that my original . reference of those species was 
correct. Strangely enough, Grabau does not discuss the relationship of his Oera­

topora with either Aulopora or Syringopora. Yet this relationship seems to me very 
real. Nicholson placed Monilipora in the Auloporid::e, but Grabau erected for it 
and Oeratopora a new family which he called. the Moniliporid::e. This seems to me 
altogether superfluous . . 

On a slide from the Crested Butte region (station 2290) prepared for the micro­
scopic study of the form referred to Oluetetes milleporcweus, two young Aulopora­

like colonies are shown which probably belong to the form described above from 
more abundant material. In one case the youthful colony had been completely cov­
ered over and probahly inclosed by the Ohmtetes upon whose massive corallum it had 
started to grow. The other was a later and apparently more prosperous. attempt to 
colonize upon the same Ohmtetes. . Both incidents are transcribed upon the same thin 
section. The individual corallites in this instance are about 2 mm. in diameter and 
appear to be without septa, septal spines, or tabulre. The walls are so much thick­
·ened as to leave an insignificant aperture · in the center, the wall substance being 

radially fibrous. 
Associated with the auloporoid at both localities are numerous minute bodies, 

some of which resemble spicules so closely as to suggest that they may be of organic 
origiJ?. They may, however, be only segregations of calcite (of which substance 
they now consist) without organic beginnings. The largest probably does not exceed 
1 mm. in l~mgth. The shape is irregularly elongate with one end usually larger than 
the other, and with the length some four or five times the greatest breadth. In 
other words, the outline is straight and tapering, with one end bluntly and irregu­
larly rounded, and the other more or less pointed, but it is interrupted l:>y spinous 
projections of considerable size, so that these bodie8 present an almost endless variety 
of shapes, and it is extremely difficult to frame a generalized description of them. 
They can scarcely be considered echinoid spines even if they are organic ~t all, and 
the general appearance is rather that of Gorgonia sp~cules. If the organic nature of 

------· ·-- ---·--
a U. S: Geol. Surv. , Mon. , vol. 32, pt. 2,1899, pp. 507, 510. 
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these objects could be demonstrated, their evidence might be of value in its bearing 

upon the disputed point as to whether A ulopora really does belong, a has been 
claimed, to the Alcyonarian corals. At least the evidence would be in orce to the 

extent that these forms are related to A ulopora. 
Another specimen from the Crested Butte region (station 2303) whi h probably 

belongs to the same species, though consisting of but a few corallites, y t seems to 
shed light upon the means by which extensive coralla are built up by hese more 

or less disconnected tubes. In this specimen, in which the g-rowth is ore clearly 
shown through combined silicification and weathering than in the oth rs, some of 

the corallites are closely proximate and, where in contact, develop stron concentric 
rugre, which alternate in the two individuals adjacent to one another and so in 

a measure interlock. These projections appear to be somewhat radi iform, and 
to a certain extent resemble the structures which form a distinguishin character 

of the genus ~ridophyllum. 
In this specimen, as in those previously described, the corallites bav a diameter 

of about 2 mm.; the walls are thickened, and tabulre and septa appear to be absent. 

Locality and horizon.-San Juan region (station 2199); Hermosa formation. 

Crested Butte district (stations 2290, 2303); Maroon conglomerate. 

LEPTOPORA Winchell, 1863. 

LEPTOPOR~ WINCHELL! ':Vhite. 

1879. Leptopora v.rinchelli. White, U. S. Geol. Geog. Surv. Terr., Bull., vol. 5, p. 211. 

Carboniferous: Near the forks of Logan River, in Bear River Range, northern Utah. 

1880. L eptop ora winchelli. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1, 

p. 121, pl. 34, fig. lla. 

Carboniferous: Near the forks of Logan River, in Bear River Range, northern Utah. 

If the single specimen obtained were in a more perfect condition it is possible 
that it would prove distinct from the species described by White. It bas a some­
what irregular semicircular shape, with a diameter of about 45 mm., and seems to 

have been attached to a large specimen of Platyceras nebraskense. The constituent 
cells vary greatly in size. Some of the larger ones have a diameter of almost 5 mm., 

rather larger than anything in the material described by 'Vhite. The height of the 

corallum seems to be insignificant compared with its lateral expansion, but some of 
the corallites must have had a length of at least 5 mm. There appear to have been 

no tabulre, and no septa have been observed on the thin cell walls. 
Locality and horizon. -San Juan region (station 2279); lower portion of Her· , 

• mosa formation. 
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CLADOPORA Hall, 1852. 

CLADOPORA sp. -

The specimens referred to under this name consist of two hemispherical masses 
having a diameter of about 5 mm., composed of numerous cells, the larger of which 
are about 1 mm. in diameter. The cell walls are th~n, perfor~a.te, and app~ar to be 
faintly fluted longitudinally. No tabulre have been noticed. Except for the latter 
character these growths might pass for a small globular species of Favosites, but .they 
more probably represent either the terminal or the initial portions · of a rare and 
undescribed form, of which we have specimens from Graham, Young Co?-nty, Tex., 
and also from the Trans-Pecos region, Texas. The latter has a dendritic. shape, the 
larger branches attaining a diameter of 20 mm. These Texas specirpens. in general 
appearance resemble coralla in the Devonian which have been commonly referred a 

to the genus Striatopora, but they show more points of affinity with__, the type species 
of Oladopora than with that of Striatopora. They lack the projecting lip of Olad­
opora, which is easily lost by attrition, but they also lack the thickened apertures .of 
Striatopora, which would most likely be preserved. In their present condition the 
cells open slightly upward and outwa-rd without the inferior projection or lip of 
Oladtipora or the stereoplasmic ( n apertural deposit of Striatopora. 

The figures of many American species of Striatopora strongly suggest that they 
properly belong rather to Olaifopora. 

Locality dnd horizon.-Crested Butte district (station 2305); Maroon conglom­
erate. 

CHJETETES Fischer de W aldheim~ 1830. 

CH.2ETETES MILLEPORACEUS Milne-Ed wards and Haime. 

1851. Ohretetes milleporaceus. Milne-Edwards and Haime, Monog. des Polyp. Foss., p. 272. 

Carboniferous: Cumberland Mountains, Tennessee; Newburg, near Evansville, on the Ohio. 
1860. Chretetes milleporaceus. Milne-Edwards,. Hist. Nat. des Corr., vol. 3, p; 271. 

Carboniferous: United States. 

1876. Chretetes milleporaceus. White, Powell's Rept. Geol. Uinta Mountains, p. 88. 
Red Wall group: Gypsum Canyon, Colorado River, Utah. 

Lower Aubrey group: Split Mountain Canyon, Green River, Utah. 

1877. Ohretetes milleporaceus. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 98, pl. 
6, fig. 2a. 

Carboniferous: Virgin Range, southwest of St. George, Utah. 

1894. Ohretetes milleporaceus. Keyes, Missouri Geol. Surv., vol. 4, p. 123, pl. 14, figs. 12a, b. 

Upper Coal Measures: Glasgow, Mo. 

1900. Chretetes milleporaceus. Beede, Univ. Geol. Surv. Kansas, R~pt., vol. 6, p. 25, pl. 2, figs. 11, llb. 

Coal Measures: Girard; very abundant in the Oswego limestone, Kansas. 

a Proctor's Kentucky Geol. Surv.; Kentucky Fossil Corals, Davis, 1885, Pt. II. Rominger'.s Geol. Surv. Michigan; Lower 

Peninsula, vol. 3, pt. 2. 1876. 
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This species is very abundant at several localities in the Crested Butte region 
and it bars also ~een found in the San Juan region. It is massive in its growth, 
and my specimens indicate that the corallum attained a large size. The cells are 

small~ seldom reaching 0.5 mm. in any diameter. They are usually considerably 
less. They present an almost infinite variety in the matter of shape, often having 

reentran~ sides, but :with the angles almost always rounded. Tabulre are present, 
but great variation has been remarked in the intervals at which they occur. In 

some specimens they are regularly distril:>uted . and about 0.25 mm. apart. Such 

examples seem to represent the normal type of Ch. 1nilleporacetts. In others they 

are at one place close together, at another quite distant, varying largely in the 
interval o£ occurrence, and in still others they can not be detected at all. Part 
at least of this variation can, I think, be ascribed to obliteration through miner­

alizing agencies, . for the tabulre are thinner than the walls, which are regularly 
preserved, but it is possible that there is considerable real structural variation as 

well. Periods of alternate growth and inactivity seem to have been an occa­

sional feature in the life history of these colonies, which gives the corallum a 
banded appearance, and near the plane of inanition tabulation seems to be most 

frequent. The walls are thick and fibrous, the fibers being directed at right 

angles to the cell axes. 
It would seem that our collections show the presence of true Ohcetetes mille­

poraceus in Colorado, with variations from the normal type, which may be deemed 
sufficient, provided they are not due to the agencies of fossilization, to constitute 

a definite variety or f>Ossibly even a distinct species. 
Locality and horizon.-San Juan region (stations 2196, 2228); middle portion 

of the Hermosa formation. ·Crested Butte district (stations 2290, 2306); Maroon 

conglomerate. 
ECHINODERJ\IATA. 

ARCHlEOCIDARIS Meek, 1872. 

ARCH1EOCIDARIS OURAYENSIS n. sp. 

Pl. I, fig. 14. 

The character of this species is well shown by the accompanying figure. It 
consists of a slender axis, slightly over 1 mm. in diameter, upon which are thickly 
clustered rather short, large spines which have a diameter almost as great as the axis 
itself. They are subcylindrical, bluntly pointed, inclined upward, -and sometimes 

gently curved. 
The basal and distal portions of the style are unknown. 
This species is so unlike any other American form that comparisons with them 

are scarcely necessary. Its characteristic features so far as known are, of course .. 

the very large size and c1ose arrangemep.t of the lateral spines. 
Locality and horizon.:-Ouray (station 2194); Hermosa formation. 

·-,_ 
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ARCH1EOCIDARIS TRIPLEX White~ 

1881. Archreocidaris triplex . White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Supp., 

.Appendix, p. xxii, pl. 4, figs. 3a-c. 

Carboniferous: New Mexico. 

1895. Archreocidaris triplex. Keyes, Iowa Acad. Sci., Proc:, vol. 2, p. 191. 

Upper Coal Measures: New Mexico. 

This species has been found at only one locality, and the identification is unsatis­

factory because of the fragmentary character of the material. This consists entirely 
of spines of unusually large proportions. The diameter is 4t mm. just above the · 

ring and is still greater distally. When complete the length could hardly have been 
less than 12 mm., and it may have been greater. Comparatively small ~pinules pro­

ject from the principal style at intervals of_ about 8 mm. On one important feature 
I have been unable to assure myself-the character· of the cross section. Of course 
near its base the style is cylindrical. Some small weathered fragments appear to be 

three-cornered, but in sections brought to view on the broken faces of the matrix 

this feature is less distinct. . Here they usually show one or two flattened sides, with 
the rest of the outline circular. In the largest and most perfect specimen the spinules 
appear to be arranged in rows, which are sufficiently 1far apart to admit of but about 

three in the circumference. This would seem to indicate that the style was originally 
three-sided. The spines in the two rows in view are nearly but not qui'te opposite. 

Those in the same row are about 8 mm. apart, somewhat less than in the typical 
specimen of A. triplex, and the articulating ring is transverse, instead of, as in it, 

oblique. The nearest described species, next .to A. triplex, is A. megastylus, but my 
specimens show.many more spinules than are exhibited in Keyes's figures, and the 
articulating ring is much more projecting. The species also. closely resembles 

A. cratis, but it is very much more robust, and the spinules appear to be consider­
ably finer. 

Locality and lwrizon.-:San Juan region, Needle Mo~ntains quadrangle (station 
2188); Molas formation. 

ARCH1EOCIDARIS TRUDIFER ·White? 

1874. Archreocidaris trudifer. White, U. S. Geog. Geol. Surv. W. 100th Mer., Prelim. Rept. Invert. 
Foss., p. 17. 

Carboniferous (Coal Measures): Camp Apache, Arizona. 

1876. Archreocidaris trudifer. White, Powell's Rept. Geol. Uinta Mountains, p. 89. 

Lower Aubrey group: Confluence of Grand and Green rivers, Utah .. 

1877. Archreocidaris trudifer. White, U.S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 104, pl. 6, 

figs 8a; b. 

· Carboniferous (Red Wall limestone): Camp Apache, Arizona. 

1895. Archreocidari.q trudifer. Keyes, Iowa Acad. Sci., Proc., vol. 2, p. 191. 

Lower Carboniferous: "Camp Apache," Arizona. 

1900. Archreocidaris trudifer. Beede, Univ. Geol. Surv. Kar..sas, Rept., vol. 6, p. 47, pl. 8, fig. 10. 

Upper Coal Measures (Topeka limestone): Topeka, Kans. 
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A single specimen, not .very perfect, which resembles A. trudifer closer than · 
any described species except, perhaps, A. edgarensis. The figures of these two 
species are so similar as to suggest that both names were proposed for the same 
specific type. 

Locality. -Leadville district (station 2265). 

ARcH.2EOCIDARrs ORNATA Newberry. 

1861. A rcha:.ocidaris ornatus. Newberry, Ives's Colorado River Expl. Exped., p. 116, pl.l, figs. 2: 3, 3a. 

Upper Carboniferous limestone: Banks of Colorado River. 

1877. Archa:.ocidar·is ornatus. White, U.S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 104, pl. 6, 

fig. 7. 

Carboniferous: Ojo del Oso, near Fort Wingate, N. Mex. 

1895. A rcha:.ocidaris ornatus. Keyes, Iowa Acad. Sci., Proc., vol. 2, p. 191. 

Carboniferous: Ojo del Oso, N. Mex. 

One good specimen from the San Juan region (station 2235) is clearly the form 
which White identified with Newberry's species. At the two other localities the 
material is too imperfect to admit of a conclush~e identification. 

Locali ty 'and horizon. -San Juan r~gion (station 2235); middle portion of Her­
mosa formation. Leadville district (stations 2265, 2267); base of theW eber formation. 

A RCH.2EOCIDARIS CRATIS White. 

1876. Archa:.ocidaris cratis. White, Powell's Rept. Geol. Uinta Mountains, p. 109. 

Lower Aubrey group: Confluence of Grand and Green rivers, Utah. 

1880. Archmocidaris cratis. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for· I878, pt. 1, 

p. 130, pl. 33, fig. 2a. 

Middle Carboniferous: Confluence of Grand and Green rivers, Utah. 

1895. Archa:.ocidaris cratis. Keyes, Iowa Acad. Sci., Proc., vol. 2, p. 188. 

Coal Measures (Lower Aubrey): Utah. 

This species is abundant near Ouray (station 2195b) and in fair preservation. 
Fragments of what is doubtless the same form were collected in the Leadville region 
(station .2265) and in the Crested Butte region (station 2307). This species is related 
to one described and figured by Keyes a as A. megastylius Shumard, and it would be 
little surprising if the one form should be traced into the other. The interambulacral 
plat~s have almost precisely the same characters in both, but the spines of A. mega­
styltts are much larger and less spinose than the type known as A. cratis. It should 
be noted, however, that in the latter species the large spines or portions of spmes 
have fewer subsidiary spinules than the smaller ones or portions. 

Locali ty and lwrizon.-Crested Butte district (station 2307); Weber limestone. 
Leadville district (station 2265). Ouray (station 2195a); Hermosa formation. 

a Missouri Geol. Surv. , vo l. 4, 1894, p . 129, pl. 15, fig~ . 2a, 2b. 
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EOCIDARIS Desor, 1858. 

EocrDARIS HALLIANA Geinitz? 

1866. Eocidaris hallianus. Geinitz, Carb. und Dyas in Nebraska, p. 61,_ tab. 5, :figs. 1 'a, b, 2 a, b. 

Upper Coal Measures: Nebraska City, Nebr. 

1872. Eocidaris ha.llianus. ·· Meek, U.S. Geol. Surv. ~ebraska, p. 152, pl. 7, :figs. 9 a-d. 

Upper Coal Measures: Nebraska City, Nebr. 

1894. Archteocida1-is hallianus. Keyes, Missouri Geol. Surv., vol. 4, p. 129. 

Upper Coal Measures: Kansas City, Mo. 

1895. Archteocidaris hallianus. Keyes, Iowa Acad. Sci., Proc., vol. 2, p. 190. 

Upper Coal Measures: Kansas City, Mo.; Nebraska City, Nebr. 

The material collected has suffered so much from weathering that a satisfactory 
identification is not possible; The fossils have been referred to Geinitz's species 

largely on account of their minute size. 
Locality and horizon.-Leadville district (station 2265). Crested Butte district 

(station 2,320); Weber limestone. 

EUP ACHYCRINUS Meek and Worthen, 1865. 

EUPACHYCRINUS? sp. 

This identification rests upon a ·singie imperfect specimen. Its generic position 
can not be determined with certainty, but it is of interest as being the only crinoid 

in the collections examined. 
Locality and horizon.-San Juan region (station 2221); upper portion of the 

Hermosa formation. 
HELMINTHA. 

CONULARIA Miller, 1821. 

CoNULARIA CRUSTULA White? 

1880. Conularia cru8tula. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1, 

p. 170, pl. 42, :fig. 4a. 

Coal Measures: Kansas City, M~.; near Taos, N. Mex . . 

1881. Conularia crustula. White, U.S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Supp., Appendix 

p. xxviii, pl. 3, :figs. 4a, b. 

Carboniferous: Near Taos, N. Mex. 

1894. Conularia crustula. · Keyes, Missouri Geol. Surv., vol. 5, p. 219, pl. 35, :fig. 2. 

Upper Coal Measures:_ Kansas City, Mo. 

1897. Conularia con£. crustula. Smith, Am. Phil. Soc., Proc., vol. 35, p. 41. 

Coal Measures: Scott County, Ark. 

Crushed and imperf~ct specimens of Oonular·ia appear in our collections from 
two localities. In their present condition it would be difficult to reach a trustworthy 

conclusion as to their relations to each other and to other forms; they seem to belong 

to a single species, namely, that to which White gave the name Oonularia crustula. 
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Both specimens attain a size unusual for 0. cru.st,ula and must have had a 

diameter of 25 mm. and a length !proportional. The strire seem to be without orna­

mentation and are about 1 mm. aJ.!>art on one. specimen and 0.8 mm. on the other. 

Except for being of somewhat larger proportions these specimens are quite 

similar to 0. crustula. In comJ1)arison with 0. roeperi, however, the only other 

member of the genus known fro~ the Upp~r Carboniferous, they are much smaller, 
more tapering, · and with strire which are at the same time more distant and are · 

sigmoidally curved instead of neaHy straight. 

Locality ctnd lwrizon.-San fJuan region (station 2239~); upper part of the 

Hermosa formation. Grand Rh1er region, Grand River, 1 mile below Eagle River 

(station 2190). 

ENCHOSTOMA Miller, 1896. 

ENCHOSTOMA sp. 

At a station in the Crested Butte region (station 2313) occu,rs in considerable 

abundance an organism which I teel little hesitancy in referring to Miller's genus. 

Specimens have the bluish color and shining phosphatic surface which are both 

striking and distinctive. In occurrence they are much flattened,' and cross /the 

surface of the limestone blocks in ribbon-like strips whose edges are parallel. 

No tendency to taper is apparerit in the specimens studied, but at the same time 

no specimens of any considerabJe length have come under my observation. The 

breadth rarely exceeds 3. 5 mm., 4nd sometimes measures but 2 mm. 

Miller believes these organisrbs to be the remains of mollusks and allied to the 
I 

Conulariidre. Whatever be the ~ffinities of Oonularia, I am convinced that those of 

Enchostorn,a are with the polychf.Btous annelids. The tube, which is the only por­

tion of the organism yet discovered, affords but a slender support for a conclusion 

upon this point, but a suggestiKre resemblance, if no more~ can be pointed out 

between the Pale0zoic shells unddr discussion and the living genus Hyalinacea. The 

latter inhabits a smooth, gently tapering, incompiete, cylindrical tube, composed of 
I 

chitinous material, from whioh that of Enclwstorna differs chiefly in being more 

massive and made up of phospha~e of lime ( ~) in concentric laminre. 

Locality and horizon.-Crest~d Butte district (station 2313); Weber limestone. 

SPIRt,>RBIS Lamarck, 1801. 

8PIRobBrs ARIETINA Dawson. 

1871. Spirorbis arietina. Dawson, Geol. ISurv. Canada, Rept. Prog. , 1866-1869, p. 14, fig. - . 

Carboniferous: Near New Glasgm·'-T, Nova Scotia. 

The Colorado shells referre4 to Spirorbis arietinct attain a rather large size for 

the genus. They are sinistral, and composed of four or five turns, the first ~wo or 
three of which are in contact, forming a rather high spire with a broad, deep 
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umbilicus, and the last one or two free and irregularly bent. The cross · section is 
circular. The surface see~s to be marked with regular, very fine, transverse 
strire, and toward the aperture by a few irregular, transverse wrinkles. Well­
preserved surfaces are also seen to be. minutely papillose, or occasionally appear as 
if the crests of the strire were minutely crenulate. 

The data thus briefly set down are derived larg.ely from . the material from 
station 2311. Though specimens occur more abundantly at station 2310, the preser­
vation is much less satisfactory. Nevertheless the species is believed to be the same 
at both. 

~ly material, while attaining a somewhat greater size · th~n that shown by 
Dawson's figure of Spirorbis arietina, agrees with that species in so many particulars 
as to lead me to believe that if not actually identical with it, it is at least very closely 
related. 

This form differs from that occurring at Glenwood Springs in beinglarger and 
in appearing to lack the longitudinal ·strire -of that species. The latter is also close­
coiled throughout and the final portion is not free as in Sp. arietina. Atthe same time 
I am not sure that an abundance of good materi~l would show that they are distinct. 

Locality and horizon.-Crested Butte district (stations 2310, 2311); Maroon 
formation. 

SPrRORBrs' sp. 

This form occurs in abundance at Glenwood Springs, .and Ill ~n excellent state of 
preservation. It forms small, rather regularly conical sinistral shells, consisting of 
two or thre'e .volutions and having a moderately high spire. The larger;specimens 
have a diameter of 2 mm. The surface is crossed by numerous delicate transverse . 
strire, and also by fine; wavy, probably inosculating, revolvingones. · 'the tube-shows 
additional irregularities, chiefly of a concentric kind, due to growth. The surface 
ornamentation, though minute, is very pretty and very well shown. , 

This form is probably distinct from that referred to Sp. arietina. It is as a rule 
considerably smaller, and specimens of the latter seem to lack the surface markings 
of this one, though not being so well preserved that character may have been obscured 
in them. 

Locality.-Grand River region, Glenwood Springs (station 2193). 

BRYOZOA. 

FISTULIPORA McCoy, 1849. 

FisTULIPORA CARBONARIA Ulrich. 

1884. Fistulipora carbonaria. Ulrich, Jour. Cincinnati Soc. Nat. Hist., vol. 7, p. 45, pl. 3, :figA. 1, 1a. 

Upper Coal Measures: Kansas City, Mo. 

1895. Fistulipora carbonaria. Keyes, Missouri Geol. Surv., vol. 5, p. 16. (Date of imprint 1894.) 

Upper Coal Measures: Kansas City, Mo. 
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This species is represented! by a zoarium which had an irregular shape and a 

submassive growth. The thickness is about 12 mm. arid the greatest diameter 
26 mm. Ulrich's description and figure~, which· I will not quote here, so closely 

represent the c~aracters of myl specimen as I have made them out, that the iden­

tification is o:ffefed with some cqnfidence. 
Locality and lwrizon.-San Juan region (stations 2207, 2213); upper and lower 

portions of the Hermosa format~on. 

STErOPORA Lonsdale, 1844. 

8TENOPORA CARBON ARIA Worthen. 

1875.' Cht:eletes? carbonaria. Worthen, I Geol. Surv. Illinois, Rept., vol. 6, p. 526, pl. 32, :fig. 5. 

Coal Measures: St. Clair County, Ill. 

1887. Stenopora carbonaria. Foerste, ~ci. Lab. Denison Univ., Bull., vol. 2, p. 85, pl. 7, figs. 13a-c. 

Coal Measures: Bald Hill and Flint Ridge, Ohio. - · 

1888. Stenopora carbonaria. Foerste, Sci. Lab. Denison Univ., Bull., vol. 3, pl. 8, figs. 13a-c. 

1890. Stenopora cw·bonaria. Ulrich, qeol. Surv. Illinois, Rept., vol. 8, p. 445, pl. 73, figs. 8, Sa. 

Coal Measures: Caseyville, .Ill.; Lawrence, Kans.; · Ohio. 

Two specimens of this fotm have come to hand. They seem to belong to the 

well known Stenopora carboncwia. 
Locality and horizon. -Sap Juan region (station 2213); lower portion of the 

Hermosa formation. 
J 

STENfPORA cESTRIENsrs · Ulrich. 

1890. Stenopora censtriensis. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 442, pl. 74, figs. 7, 7a. 

Chester group: Chester, Ill. 

1895. Stenopom cestriensis. Keyes, Missouri Geol. Surv., vol. 5, p. 16. (Date of imprint 1894.) 

Kaskaskia limestone: Chester, Ill. 

This species is represented. by two specimens in a fairly good state of preser­

vation. They agree with Ulri9h's description of St. cestriensis and differ · from the 
related form, St. tuberculatu8, in the characters pointed out by him, viz, "the cells 

I 

are smaller, their individual walls more clearly defined~ the acanthopores more 

conspicuous, and the zooeciallJyers at least twice as thick." 
Locality.___:Leadville district (station 2265). 

STENOPORA TUBERCULATA Prout. 

1859. Flustra tuberculata. Prout, Ac~d. Sci. St. Louis, Trans., vol. 1, p. 447, :Pl. 17, figs. 3-3£. 

Second Archimedes limestone: Barrett Station, St. Louis County, Mo. 

1860. Cyclopora polymorpha. Prout, Acad. Sci. St. Louis, Trans., vol. 1, p. 578. 

Chester limestone: Pope Count~, Ill. 

1866. Oyclopora polymorpha. Prout, Geol. Surv. Illinois, Rept., vol. 2, p. 421, pl. 21, figs. 5-5 b. 

Chester group: Pope County, Ill. 
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1890. Stenopora tuberculata. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 441, fig. 17. 

Chester group: Chester, Ill. 

St. Louis limestone and Warsaw beds. 

1895. Stenopora tuberculata. Keyes, Missouri Geol. Surv., vol. 5, p. 15. (Date of imprint 1894.) 

St. Louis limestone: Barrett Station, Mo. 

Kaskaskia limestone: Chester, Ill. 

This form is represented by two excellent specimens. They agree very closely 

with Ulrich's-description o£ Prout's species, and although the latter is especially abun­

dant in and characteristic o£ rocks o£ the Genevieve epoch, and the present mate­

rial seems to be of Upper Carboniferous age, they probably can safely be referred 

to the same species. 

Locality r:r;;,d !wrizon.-Crested Butte district (station 2312); Weber limestone. 

· STENOPORA ? sp. 

Associated with the form which I have distinguiRhed under the title o:f Leio­
clerr~a .~ sp. occur two other zoaria of a general appearance closely similar, , but whi<ih 

are probably at least generically distinct. 

The shape o:f the zoarium is discoid, almost flat, more or less flexuous. Diame­

ter about 10 mm., thickness inconsiderable. · Mesopores practically absent. Auto­

pores small, angular, 6 or 8 in a space o£ 2 mm. "V'-tT alls thin. Acanthopores 

probably present. Diaphragms probably absent. 
I , 

Though in general appearance similar to Leioclema ? sp. with ·which this :form 

is associated, it can be distinguished without difficulty by reason of its much smaller 

cells and practical a:?sence of mesopores. 

Locality and horizon.-San Juan region (station 2221): upper portion of the 

Hermosa :formation. 

LEIOCLEMA Ulrich, 1882. 

LEIOCLEMA ? sp. 

At station 2221 in the San J u.an region occurs in considerable abundance a :form ­

o£ whose generic position I am much in doubt, but which I h~ve placed provisionally 

with Leioclerna. The zoaria are small and extremely thin. The shape is that of a 

disk, slightly depressed in the center and more or less flexuous. The diameter is 

usually under 12 rom. and the thickness inappreciable. The cells are minute, $lib­

circular or petaloid . in shape,. and separated by abundant mesopores, which have an 

angular outline. They radiate in an almost horizontal position from the center o£ 

the colony. Acanthopores seem to be absent, and the height of the zooocia is so 

slight as to suggest that diaphragms also are lacking. Certainly none have been seen. 

Locality and horizon.-San Juan regi~m (station 2221); upper portion o£ the 
Hermosa formation. 
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CHAINODICTYON Foerste, 1887. 

CHAINODICTYON LAXUM Foerste. 

1887. Chainodictyon laxum. Foerste, Sci. Lab. Denison Univ., Bull., vol. 2, pp. 81 an 87, pl. 7, :figs. 

Sa-c. 

Coal Measures: Flint Ridge, Ohio; Seville, Ill. 

1888. Chainodictyon laxum. Foerste, Sci. Lab. Denison Univ., Bull., vol. 3, p. 135. 

A poorly preserved fragment is all that we have of this strongly haracterized 

species, but its affinities are probably as stated above. 
Locality and horizon. ~San ,Juan region (station 2332); middle p of the 

Hermosa formation. 

SEPTOPORA Prout, 1859. 

SEPTOPORA DELICATULA Ulrich. 

1890. Septopora delicatula. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 634, pl. 64, fi s. 5, 5a. 

Lower Coal Measures: Seville, Ill. 

This species is represented by very fragmentary and scanty mat rial, but tae 

identification is probably correct. 
Locality . .:_Leadville district (station 2265). 

SEPTOPORA sp. 

A single very imperfect specimen of this species has come to han . It is spe~ 
cifically distinct from the form noticed above, and is possibly related to 8. cestriensis 
Prout. 

Locality and lwrizon.-San Juan region (t;tation 2207); upper p rtion of the 
Hermosa formation. 

POLYPORA McCoy, 1845. 

PoLYPORA WHITEI var. INSCULPTA Ulrich . 

.1889. Polypora whitei var. eximia (in error for insculpta). Miller's North American Geol. and Pal., 

p. 317. 

1890. Polypora whitei var. insculpta. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 600 pl. 62, fig. 1. 

Upper Coal Measures: Springfield, Ill. 

At station 2331 on the Animas River in the San Juan region, a p oli:fic locality 

for Bryozoa, was obtained a small fragment of a Polypora whose cha acters, so far 
as they are shown, ally it closely to P. whitei var. insculpta. A f rm which is 
possibly identical with that from the San Juan occurs in the· Leadv'lle region at 

station 2265. 
Locality and horizon. -San Juan region (station 2331); Hermo a formation. 

Leadville district (station 2265). 

14364-No. 16-03-22 
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PoLYPORA cf. DISTINCTA UlriGh. 

1890, Polypora distincta. Ulrich, Geol. Surv. Illinois, Rept.-, vol. 8, p. 603; pl. 61, figs. 7, 7a. 

Upper Coal Measures: Springfield, Ill. 

This is a rather coarse form, characterized by somewhat lax and irregular growth. 
The branches are strong, and connected by dissepiments which are slender, short, 
and situated at distant intervals. The zorecia are arranged in four, possibly in :five, 
longitudinal rows. Their apertures have eleyated margins and they manifest a 
certain tendency toward, or appea:rance of, dimorphism, for, scattered among the 
regular zorecia, are a number of others which are often 'of smaller size, or, when 
equal, seem by their proximity to them to be arranged in groups of two. The non­
poriferous side has not been seen. · 

This form is not identical with P. distincta but is probably no .. more than a 
variety. It is also allied to P. gracilis Ulrich. 

Locality.-Leadville district (st~tion 2265). 

PoLYPORA cf. CESTRIENSIS Ulrich. 

1890. Polypora cestriensis. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 594, pl. 55, figs. 4-4b; pl. 60, · 

figs. 7-7c. 

Chester group: Chester, Kaskaskia, and near Anna, Ill. ; Litchfield and Sloans Valley, 

Kentucky. 

1895. Polypora cestriensis: Keyes, Missouri Geol. Surv., veil. 5, p. 29 . . (Date of imprint, 1894.) 

Kaskaskia limestone: Ste. Genevieve, Mo. 

This is a coarsely reticulated form with elongate elliptical fenestrules. The 
zorecia are in four rows. The nonporiferous side is ornamented with sharp but 
rather :fine longitudinal strire. The poriferous side also is marked by ridges which 
pass between the zorecia and in some degree define them. 

Locality and lwrizon.-San Juan region (station 2331); Hermosa formation. 

PoLYPORA n. sp. 

This form is represented by a fragment of a frond from the Leadville region, 
and by two fragments, each from ·a different locality in the San Juan region, which 
probably belong to the same species. My material is too fragmentary and ill pre­
served to permit a detailed description of what is probably a new species. 

The frond is rather coarsely reticulate with thick branches and short, thin dis­
sepiments. The fenestrules are elongate elliptical. The branches are carinated on 
the nonporiferous side and marked by moderately fine, sharp strire. The zorecia 
are in three or four rows and their apertures have elevated margin~. 

Locality and horizon.-San Juan region (stations 2331 ?, 2332); middle portion 
of the Hermosa formation. Leadville district (Rtation 2268). 
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PoLYPORA sp. a. 

This species occurs associated with that provisionally identified as P. cestriensis 
Ulrich. It resembles the latter in many particulars, the ·chief difference which the 
scanty and imperfect material exhibits being that the unidentified form is distinctly 

more finely reticulated. As in P. cestriensis, there are four row~S of zorecia, and the 

nonporiferous side is marked with sharp, fine strire. 

Locality.ctnd horizon.-San Juan region (station 2331); Hermosa formation. 

PoLYPORA sp. b. 

Another undeterinined species of Polypora is found at station 2235 ip the San 

Juan region. Tl;le frond is rather rapidly enlargipg, the branches thick, the dissepi­

ments thin and long. The fenestrules are nearly square or subcircular. The only 
specimen observed shows the poriferous side, where the zorecia are seen to be 

. arranged in about four rows. 

Locality and horizon.-San Juan region ("tations 2205, 2235); middle portion 
of . the Hermosa formation. 

1888. 

1890. 

FENESTELLA Lon dale, 1839. 

FENESTELLA cf. TEN~x Ulrich. 

Fenestella tenax. Ulrich, Sci. Lab. Denison Univ., kun., vol. 4, p. 71. 

Waverly group: Cuyahoga County, Ohio. I 
Fenestella tenax. Ulrich, Geol. Surv. Illinois, Rept., vol. 8, p. 546, pl. 51, figs. 2-2e. 

·warsaw beds: Monroe County and ·warsaw, Ill. 

Chester group: Chester and Kaskaskia, Ill.; Sloan Valley, Ky. 

1895. Fenestella tenax. Keyes, Missouri Geol. Surv., vol. 5, p. 24. (Date of imprint, 1894. ) 

Kaskaskia limes'tone: Chester, Ill. 

This species is already credited with a long range, since it is found from 

the Waverly group into the Chester, and t is will be considerably increased if 

the present identification proves correct, as s not unlikely. This form presents 
a very fine, regular network, in which the issepiments are more slender than 

the branches. The latter are marked by cof paratively strong, sharp, flexuous, 
longitudinal strire. There are about five zo cia opposite two fenestrules, which 

are subrectangular upon the nonporiferous sid and elliptical upon the other. 
L ocality a;nd horizon.-San Juan region (s~ation 2331); Hermosa formation. 

FENESTELL~ sp. . 

This form, which is probably the same irl the San Juan and Leadville regions 
(stations 2221 and 2265, res~ectively), is indet~rminable from the material in hand. 
It differs from that brieflv described as }r~ tenax in having the fenestrules 

nearly square or subcircul~r, the dissepimknts thicker, and the nonporiferous 
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face granulose instead of striated. These observations are based entirely upon 

the Leadville specimen. 

Locality and lwrizon.-San Juan region (station 2221); upper portion of the 
I 

Hermosa formation. Leadville district (station 2265). 

PRISMOPORA Hall, 1881. 

PRISMOPORA TRIANGULATA White. 

Pl. I, fig. 5. 

1878. Ptilodictia triangulata. White, Acad. Nat. Sci. Philadelphia, Proc., p. 35. 

Coal Measures: Danville, Ill. 

1879. Ptilodictia triangulata. White, U. S. Geol. Geog. Surv. Terr., Bull., vol. 5, p. 214. 

Carboniferous: Yampa Plateau, northwestern Colorado. 

1880. Ptilodictia triangulata. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, 

pt. 1, p. 131, pl. 33, figs. 3a-c. 

CoalMeasures: Danville, Ill.; Yampa Plateau, northwestern Colorado; and region southward 

from Yellowstone National Park. 

1881. Ptilodictia triangulata. White, U. S. Geog. Geol. Surv. V'{. ~OOth Mer., Rept., vol. 3, Supp., 

AI>pendix, p. xxiv, pl. 4, figs. 2a-c. 

Carboniferous: Cebolla Creek and Coyote Creek, New Mexico. 

White described this species from Danville, Ill., in 1878, and the year following 

published an identification, with comments and figures, from the Yampa Plateau, in · 
northwestern Colorado. A,lthough specimens belonging to the genus Prismopora 
appear in our collections from several stations, those identified by White are the 

only ones which I have placed with Pr. triangulata, and his figures, drawn from 
a Colorado specimen, have b~en used to illu.,trate the species. 

The illustration on Pl. I represents the specimen as somewhat enlarged. The 
real size of the branches between the nodes varies from 2 to 1. 5 mm. 

Locality and horizon.-Uinta Mountain region, Yampa Plateau (station 2330); 
middle division of the Carboniferous. 

PRISMOPORA SERRATA Meek. 

1875. Ptilodictya ( Stictopora) serrata. Meek, Pal. Ohio, vol. 2, p. 327, pl. 20, fig. 4. 

Lower Coal Measures: Flint Ridge, Ohio. 

1887. Prismopora serrata. Foerste, Sci. Lab. Denison Univ., Bull., vol. 2, p. 75, pl. 7, figs. 6a-c. 

Coal Measures: Bald Hill and Flint Ridge, Ohio. 

This species occurs in some abundance near Rock Creek (station 2245) and in 

the San Juan region (station 2331), and a single fragmentary specimen has also been 
collected at Rico (station 2301). The edges are often flexuous, ·but sometimes 
nearly straight. The branches are of larger size than the specimen by which 

Pr. triangulata is represented. The zooocia are small and evenly distributed. 
Locality and horizon.-San Juan region (stations 2301, 2331); middle part of the 

Hermosa formation. Crested Butte district (station 2245). 
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PRISMOPORA p. 

This form probably helongs to a yet undlscribed species, but it is represented, 
unfortunately, by only extremely imperfect mjterial. The branches are larger than 
in Pr. triangttlata, the zorecia larger and more closely arranged. It resembles I.>1 •• 

serrata in the size of its branches, but has the ~orecia a little larger aDd considerably 

more closely arranged. /, 
Locality and lwrizon.-San Juan region fstation 2236); middle portion of the 

Hermosa £ormation. 

1 
RHOMBOPORA Meek, 1872. 

RnoMBOPORA LEPIDODEI DROIDES Meek. 

1866. Stenopora columnaris (pars). Geinitz, Carb. und Dyas in Nebraska, p. 66. (~ot Schlotheim, 

1813.) 

Upper Coal Measures: Nebraska City, Bennetts, nd Wyoming, Nebr. 

1872. Rhombopora lepidodendroides. Meek, U. S. Geol. Surv. Nebraska, p. 141, pl. 7, figs. 2a-f. 

1S75. 

1884. 

1887. 

Upper Coal Measures: Nebraska City, Bennet s, ·wyoming, Rock Bluff, and Plattsmouth, 

Nebr.; Kansas; Iowa; Missouri; Illinois. · / . 

Rhombopora lepidodendroides. ':hite, U. S. Geof . Geol. Surv. W. 100th Mer., Rept., YOL 4, p. 

99, pl. 6, figs. 5a-d. (Whole volume publishef in 1877.) 
Carboniferous: West face of Oquirrh Range, n r "E. T. City," Utah, and at confluence of 

White Mountain and Black nvers, Arizona. 

Rhombopora lepidodendroidea. Ulrich, Jour. 0/incinnati Soc. Nat. Hist., vol. 7, p. 27, pl. lr 

figs. 1-1b. 

Upper Coal Measures: Kansas City, Mo.; Nebra~ka City and Wyoming, Nebr. 

Rhombopora lepidodendroidea. Foerste, Sci. Lalb. Denison Univ., Bull., vol. 2, p. 73, pl. 7. 

figs. 3a, b. 

Coal Measures: Flint Ridge and Bald Hill, Ohio 

1887. Rhombopora --. Foerste, Sci. Lab. Denison Univ., Bull., vol. 2, p. 74, pl. 7, figs. 5a-c. 

Coal Measures: Flint Ridge, Ohio. 

1888. Rhombopora lepidodendroides. Keyes, Acad. Na . Sci. Philadelphia, Proc., p. 225. 

Lower Coal Measures: DesMoines, Iowa. 

1895. Rhombopora lepidodendroidea. Keyes, Missouri Geol. Surv., vol. 5, p. 35, pl. 33, figs. 4a, b. 

(Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1896. Rhorribopora lepidodendroides. Smith, Am. Phil. Soc., ·Proc., vol. 35, p. 237. 

Upper Coal Measures: Poteau Mountain, India Territory. 

1896. Rhombopora lepidodendroides. Smith, Leland Sjnford Junior Univ., Pub.; Cont. Biol. Hopkins 

Seaside Lab., No. 9, p. 27. 

Upper Coal Measures: Poteau Mountain, Indial Territory. 

This name, as I have used it here and as ft has often been employed in literature, 
probably stands rather for a group of forlfs than for a single consistent species. 
To reduce to proper scientific status the col ections from Colorado, and much more 
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the citations in literature, would be a task of difficulty even if it could be accom­

plished at all in an acceptable manner without more abundant and better preserved 

material than-most of that which has come into my hands. 
Rlwrnbopora lepidodendroides is very abundant at station 2215 in the San Juan 

regio~, and it seems to be common also at 2281 in the Leadville region. 
Locality and horizon.-San ~uan region (stations 2186,2215, 2235); Molas forma­

tion . and middle portion ?f the Hermosa formation. Leadville district (stations 
2265, 2~81); base o£ the V'l eber formation. Grand River region (station 2329b). 
Uinta Mountain Region, overlooking Yampa River (station 2191). 

BRACHIOPODA. 

LINGULA . Bruguiere, 1792. 

LINGULA CARBONARIA Shumard. 

1858. I.iingula carbonaria. Shumard, Acad. Sci. St. Louis, Trans., vol.1, p. 215. 

Coal Measures: Clark County, Mo. 

1873. I.iingula mytiloides? Meek and .Worthen, Geol. Su:iv. Illinois, Rept., vol. 5, p. 572, pl. 25, fig. 2. 

Coal Measures: Illinois. . 
1887. I.iingula umbonata? Herrick (non Cox), Sci. Lab. Denison Univ., Bull., vol. 2, p. 144, pl. 14, 

fig. 2. 

Coal Measures: Flint Ridge, Ohio. 

1899. Lingula mytiloides? Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 575. 

Upper Coal Measures: Atoka quadrangle, Hartshorne, Ind. Ter.; roof shale of the Grady or 

Hartshorne coal. 

I have only one specimen o£ this form, and it is too imperfect to be identified with 
certainty. It seems to belong to the type o£ shell often referred inthis country to 
Lingu1a mytiloides Sowerby. This type differs from Sowerby's figures in being 
smaller and as a rule more quadrate before and behind. It. is probable that Shumard's 
Li'l}gula carbonaria was founded upon a shell belonging to this group, for his descrip­
tion answers to it quite closely. It might be well, therefore, to employ Linrrula car- , 
JJonaria £or American shells of the mytiloides type. 

Lingula umbonata? Herrick (non Cox) is probably another example o£ the species 
ior which L. carbonaria was proposed. Indeed, i£ one may depend upon the accu­
racy o£ published figures, none o£ the identifications of Cox's species are correct. 
White, a Keyes/ and Beede c appear to have had in hand a slender elongate :f.orrri o£ a 
shape differing materially from that depicted by Cox's figure. Judging from the . 
literature, therefore, I would look to find four -species involved-the slender form 
figured by White et al. as L. umbonata, L. umbonata as figured by Cox, L. carbon-

aGeol. Surv. Indiana, Thirteenth Rept., 1884, p . 120, pl. 25, fig. 14. 

b Missouri Geol. Surv. , vol. 5, 1894, p; 38, pl. 35, fig 4. 

cUniv. Geol. Surv. Kansas, Rept., vol. 6, 1900, p. 54, pl. 8, fig. 5. 
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aria figured by Meek as L. mytiloides, and JJ. tighti Herrick. But the study of 
these forms is most difficult and hut little profitt hle. 

Locality and horizon.-Leadville district ~station 2264?); base of the Weber 
formation. / 

LINGULA TIGHT! rerrick. 

1887. Lingula tighti. Herrick, Sci. Lab. Denison Umv., .ull. , voL2, p. 43, pl. 4, fig. 5 
Coal Measures: Flint Ridge, Ohio. . · 

· This species is found at but one loc~lity. It is there ·very abundant, though not 
well preserved. The material studied is as a r~le much smaller than L. caroonaria, 
which has been identified at another locality in/ the Leadville area, but the essential 

difference resides in the fact. that it is a more slf nder and elongate form, with a shape 
which is rather subelliptical than· subquadrat . Most of the material referred to 
this species is also smaller than the specimen figured by Herrick, but one or two 
examples from the same locality and apparently belonging to the same specific type, 

are nearly of normal size. It is possible, ho+
1 

ever, th. at we have here o.nly young 
shells of L. carbonaria. 

This species is very abundant in the Ling la bed of station 2227. One peculi­
arity of the occurrence· at this locality is thr· t in . most instances both valves are 
found in conjunction. 

In addition to the material belonging to tte genus Lingula, whose specific iden­
tification has been attempted as above, severa occurrences of indeterminable speci­

mens ma:y be noted, e. g., Glenwood Springs, f tation 2193a. 
Locality and lwrizon.-Leadville district 1station 2277); base of the Weber for­

mation. 
ORBICULOIDEA d'Prbigny, 1850. 

0RBICULOIDEA MANHATTANENr iS Meek and Hayden. 

1859. Discina manhaltanensis. Meek and Hayden, A""'/. Nat. Sci. Philadelphia, Pr.oc., p. 25. 
Upper Coal Measures: Kansas River, opposite M'nhattan, Kans. 

1892. Orbiculoidea manhattanensis. Hall and Clarke, I] t. Study of Brach., :rt. 1, pl. 5, fig. 12. 
Coal Measures: Riley County, Kans. 

1892. Orbiculuidea manhattanensis. Hall and .Clarke, P I. New York, vol. 8, pt. 1, pl. 4E, fig. 20. 

Coal Measures: Riley County, Kans. 

1900. Orbiculoidea manhattanensis. Beede, Univ. Geol Surv. Kansas, Rept., vol. 6, p. 56, pl. 8, figs. 

2-2b. 
Upper Coal Measures: Wabaunsee formation, bl ck shale in wagon-road cut east side of Blue 

Mount, Manhattan, Kans. 

Of this species but few specimens have <!lome to hand, and they are crushed and 
fragmentary. The best preserved example)/ a dorsal valve, affords the following 
data: 

The shape is of course nearly circular, · 'th a diameter of about 15 millimeters. 
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The apex is one.:half a diameter or a little more from the margin and the height is 
about 2 millimeters. The surface is marked by sharply elevate~, thread-like strire, 
3 or 4 in a distance of 1 millimeter, with flat interspaces. The latter when exfoliated 
show faint, fine, radiating lines. Other specimens show that this. species attained a 
diameter considerably exceeding that stated . .. 

The measurements and other characters mentioned above, though necessarily 
somewhat lacking in accuracy by Teason of the imperfect nature of my material, 
indicate that this form is probably that described by l\tleek and Hayden as · JJiscina 
manhattanensis. 

Locality and. horizon.-Leadville district (stations 2252, 2264); base of the 
Weber formation. 

0RBICULOIDEA sp . 

. Near Glenwood Springs (station 2193a) a small species of Orbiculoidea occurs in 
considerable abundance. Without intermediate forms I do not feel iustified in 
referring it to the same species as the shells which I have identified as 0. manhat­

. tanensis, nor have I been able to satisfy myself that it can properly be referred to 
any other known species. It may be briefly described· as follows: 

The nearly circular outline has a diameter which rarely exceeds 5 millimeters. 
The apex is one-third of a diameter, or a little less, from the margin, and the height 
is sometimes as great as 2 millimeters. In the ventral valve th~ slit is strongly 

. marked and reaches from near the center to halfway to the circumference. 
The surface is marked by comparatively strong, somewhat irregular, closely 

arranged, concentric strire. 
Locality.-Grand River region, Glenwood Springs (station 2193a\ 

RHIPIDOMELLA Oehlert, 1887. 

RHIPIDOMELLA PEcosr Marcou. 

1858. February. Orthis pecosii. Marcou, Geol. North America, p. 48, pl. 6, figs. 14-14b. 

Mountain Limestone: Pecos Village, N. Mex. 

1858. June. Orthis carbonaria. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 218. 
Middle Coal Measures: Lexington, Mo. 

1864. Orthis (sp. undet. ). Meek, Pal. California, vol. 1, p. 10, pl. 2, figs. n-5c. 

Carboniferous: Bass's Ranch, Shasta County, Cal. 

1872. Orthis carbonaria. Meek, U. S. Geol. Surv. Nebraska, p. 173, pl. 1, figs. 8a-8c. 

Upper Coal Measures: Rock Bluff and Nebraska City, Nebr.; Iowa; Kansas; Illinois. 

Middle Coal Measures: Lexington, Mo. 

1873. Orthis. carbona ria. Meek and Worthen, Geoi. Surv. Illinois, Rept., vol. 5, p. 571, pl. 25, fig. 4. 
Upper Coal Measures: Lasalle, Ill. 

1875. Orthis pecosii. White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 125, pl. 9, figs. 

5a-5e. (Volume appeared as a whole in 1877.) 
Carboniferous: Santa Fe, N. Mex. 
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1883. Orthis carbonaria. Hall, Rept. New York State Ge ,1, for 1882, pl. ( 7) 37, figs. 1-4. 

Coal Measures: Springfield, Ill. 

1883. Orthis pecosi. Kayser, Richtofen's China, vol. 4, p. 177, pl. 24, fig. 1. 

Upper Carboniferous: Lo-Ping, China. 

1884. Orthis pecosii. Waagen, Paleontologica Indica, ser. 13, vol. 1! p. 573, pl. fiB, figs. 13a-13e. 

Lower Productus limestone: Salt Range, Amb., In ia. 

1884. Orthis pecosi. White, GeoL Surv. Indiana, 13th Rerl t., p. 129, pl. 32, figs. 2o-22. 

Coal Measures: Horse Shoe of Little Vermilion and Garret's Mill, Vermilion County, Ind.; Ver­

milion County, Ill. 

1892. Rhipidomellapecosi. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pp. 210,226, pl. 7, figs. 1-4. 

Coal Measures: Near Springfield, Ill. · I 

1895. Orthis pecosii. Keyes, Missouri Geol. Surv., vol. 5, ~. 64. (Date of imprint, 1894.) 

Coal Measures: Kansas City, Mo. I . 

1896. Orthis pecosii. Smith, Am. Phil. Soc., Proc., vol. 35, p. 237. 

Upper Coal Measures: Poteau Mountain, Ind. T. l 
1900. Rhipidomella pecosi. Beede, U ni v. Geol. Surv. Kan as, Rept., vol. 6, p. 90. 

Upper and Lower Coal Me. asures: Fort Sc.ott, Kansaf City, Eudora, Lawrence, Lecompton, Kans. 

My material is, as a rule, rare and not welll preserved, but the species has been 
obtained from near Glenwood Springs (station 2329b) in fa1r abundance and preserva­

tion. Specimens attain a size greater, somewhdt, than that figured by Marcou, and 

a length of 14 millimeters seems to be about nl rmal for the specimens seen by me, 

w~ich agree .in thi.s ~nd other par~iculars, ~o .. f~r ~s I have been able to ascertain, 
with the species as It IS represented m 'the Miss ss1pp1 Valley. 

A very poor specimen from Leadville (station 2259), which seems to have been 

originally identified as Derbya crassa, probably lbelongs to this species. 
Locality and /wrizon.-Leadville district (strtions 2259, 2264); base of the Weber 

formation. Grand River region, Glenwood Springs (station 232~b). San Juan 
region (2186 n; Molas formation. 

ORTHOTICHIA Hall anr Clarke, 1892. 

0RTHOTICHIA SCHUCHERTENSIS n. sp. 

Pl. I, figs. 16 to ~6b. 
Shell of medium size, transverse. Dorsa I valve strongly convex; beak large 

and incurved; area small (~); fold broad and s , arcely appreciable; anterior outline 
emarginate. 

Ventral valve smaller and shallower than the dorsal; beak probably incurved 
and not quite as projecting as the other; sinus broad and strong, especially toward 

the front. This valve is provided with a rat[ er thick, but not very high, median 
septum reaching about one-third the distance t ward the anterior margin, and by a 
pair of strong dental lamellre. · 

The surface is marked by very slender, equal~, radiating strire and by much 
stronger ones regularly distributed among the . The latter are discontinuous and 
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outlined by such deep grooves that they appear to be depressed below the general 
surface. This peculiarity is stronger upon the ventral v~lve than on the dorsal, 
where it appears upon the lateral areas, but scarcely at ail over the median portion. 

There is but one other specie~ of this genus known from the Western Hemisphere, 
the South American form, Ortlwtichia morganiana. To this my species is related, 
but I feel no doubt as to their being specifically distinct. The fold · a·nd sinus of . 
0. morganiana 1 take to be less strongly marked, and the surface, &,s -shown by 
specimens in my possession, is distinctly different. It shows a feature common to 
many species of Orthoids, consisting of individual strire somewhat more prominent 
than the rest, terminating abruptly and running out into a small spine, but does not 
possess the heavy, short, depressed strire which probably are to be associated with a 
similar origin, but which form such an unusual character of my shell. 

The species described by Cox as Orthis ~·esupinoides has much the same con:fig~ 
uration as the Colorado form, but seems to lack the peculiarities of its surface 
ornamentation, besides which Hall and Clarke refer Cox's species to the genus 

. Schizophoria, so that further comparisons of course are unnecessary. 
I know of no other species with which this is likely to be confused. 
A single small specimen from Sinbads Valley has been referred to the same 

species as that from Glenwood Springs (though it may be merely a young example 
of Entelete.rs), and it discloses 'characters of the area · which were concealed in the 
material from the type locality. In this example, which has a length of but 14 milli­
meters (the type is 26 millimeters long), the beaks of the two valves are about on a 
level when the shell is looked at from the side. The area of the dorsal valve in this 
position is nearly vert~cal; that of the ventral starts out in a nearly horizcmtal direc­
tion. The areas of both valves are small, slightly curved, and contain large, open, 
triangular foramina. That of the ventral valve is higher and more strongly curved 
than is that of the dorsal. 

Locality and horizon.-Grand River region, Glenwood Springs (station 2193a). 
Dolores River region, Sinbads Valley (statio~ 2285); top of the Hermosa formation. 

ENTELETES Fischer de W aldheim, 1830. 

EN'l'ELETES HEMIPLICATUS Hall. 
1852. Spirijer hemiplicata. Hall, Stansbury's Exped. to Great Salt Lake, p. 409, pl. 4, figs. 3a, b. 

Carboniferous: Missouri River, near Weston. 

1859. Spirijer hemiplicata. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 28. 

Upper Coal Measures: ·Near Leavenworth, Kans. 

1866; Rhynchonella angulata. Geinitz (non Linne), Carb. und Dyas in Nebraska, p. 37, tab. 3, figs. 1-4. 

Upper Coal Measures: Bennett's Mill and Nebraska City, Nebr. 

1866. Syntrielasma hemiplicata. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 2, p. 323, fig. 36; 

p. 324, fig. 37. 

Upper Coal Measures: 12 miles north of Vandalia, lll.; eastern Kansas, northern Missouri, 

western Iowa. 
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1872. Syntrielasma hemiplicata. Meek, U.S. Geol. Surv. Nebraska, p. 177, pl. 6, figs. 1a, b; pl. 8, figs. 

12a, b. 

Upper Coal Measures: · Nebraska City, Wyo., and Bennett's Mill, Nebr. 

Coal Measures: Illinois, Iowa, Missouri, Kansas. 

1873. Syntrielasma hemiplicata. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 571, pl. 26, 

fig. 20. 

Upper Coal Measures: 12 miles north of Vandalia, Ill. 

1882. Camerophoria gijfordi. Worthen, Illiuois State Mus. Nat. Hist., Bull. No. 1, p. 39. 

Middle Coal Measures: Near Alt~, Peoria County, Ill. 

1883. Camerophoria gijfordi. ·w orthen, Geol. Surv. Illinois, Rept., vol. 7, p. 318, figs. a-c. 

Middle Coal Measures: Near Alta, Peoria County, Ill. 

1883. Syntrielasma hemiplicata. Kayser, Richtofen's China, vol. 4, p. 179, pl. 24, figs. 2, 3. 

Upper Carboniferous: Lo-Ping, China. 

1884. Syntrielasma hemiplicata. White, Geol. Surv. Indiana, 13th Rept., p. 131, pl. 26, figs. 15-:-18. 

Coal Measures: Indiana. 

1892. Enteletes hem'iplicata. Hall and Clarke, Int. Study of Brach., pt. 1, pl. 12, figs. 18-21. 

Coal Measures: Winterset, Iowa; Kansas City, Mo. 

1892. Enteletes hemiplicata. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pp. 215, 226, pl. 7 A, figs. 44-52 .. 

Upper Coal Measures: Kansas City, Mo.; Winterset, Iowa. 

1895. Syntrielasma hemiplicata. Keyes, Missouri Geol. Surv., vol. 5, p. 76, pl. 39, figs. Sa-d. (Date of 

imprint, 1894:) 

Upper Coal Measures: Kansas City, Mo. 

1900. Enteletes hemiplicata. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 91, pl. 12, figs. 6, 6b. 

Upper Coal Measures: Kansas City, Independence, lola, Edwardsville, Eudora, Lawrence, 

Lecompton, Topeka, Kans. 

Though not occurring elsewhere in our Colorado collections, this species i~ found 

in considerable abundance at Sinbads Valley (station 2285). The specimens are 

badly crushed, but appear to be typical in every way. 
Locality and horizon.--Dolores River region, Sinbads Valley (station 2285); 

top of the Hermosa formation. 

DERBYA Waagen, 1884. 

DERBYA CRASSA Meek and Hayden. 

1852. Orthis umbraculum? Hall, Stansb. Exped. Great Salt Lake, p. 412, . pl. 3, fig. 6. 

Carboniferous: Missouri River, above Fort Leavenworth. 

1852. Orthis umbraculum? Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, pl. 5, fig. 11. 

Carboniferous: Missouri River, near mouth of Keg Creek, and at Council Bluffs. 

1852. Orthis arachnoidea. Roemer (non Phillips), Kreid. von Texas, p. 89, pl. 11, figs. 9a, b. 

Carhoniferous: San Saba Valley, Tex. 

1857. Orthis arachnoidea. Hall, Mexican Boundary Survey, pl. 20, fig. 3. 

1858. Orthisina crassa. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 261. 

Coal Measures: Leavenworth. Kans. 

1858. Orthis cren·istria. Marcou, Geol. North America, p. 49. 

Mountain limestone: Pecos Village, New Mexico. 

1859. Orthisina crassa. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Coal Measures: LeaYenworth, Kans. 
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1859. Orthisina umbraculum'! Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Upper Coal Measures: Fort Riley and Cottonwood Creek, Kans. 

1860. Orthis lasallensis. McChesney, Desc. New Pal. Foss., p. 32. 

Upper Coal Measures: .Lasalle, Ill. 

1860. Orthis richmonda. McChesney, Desc. New Spec. Pal. Foss., p. 32. 
Coal Measures: Twelve miles northwest . of Richmond, Mo. 

1860. Orthis pratteni. McChesney, Desc. New Spec. Pal. Foss., p. 32. 

Coal Measures: Charboniere, Mo. 

1861. Streptorhynchus umbraculum. Newberry, Ives's Colorado River Expl. Exped.,: p. 125~ 

Upper Carboniferous (Cherty limestone): Canyon of Cascade River near th~ junction of the 

Colorado Chiquito with the Colorado; at Agua Azul; east of Fort Defiance; at Santa Fe; at 

Ojo Vernal, and on Cottonwood Creek, Kansas. 

1864. Hemip1·onite8 crassus. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, p. 26, 

pl. 1, figs. 7a-d. 

Coa Measures: Leavenworth, Kans. 

1865. OrthtS richmondi. McChesney, Illustrations New Spec. Foss., pl. 1, figs. 5a-c. 

1865. Orthis lasallensis. McChesney, Illustrations New Spec. Foss., pl. 1, :figs. 6a, b. 

1866. Orthis cnnistria. Geinitz (non Phillips), Carb. und Dyas in Nebraska, p. 46, pl. 3, figs. 20, 21. 

Upper Coal Measures: Bellevue and Plattsmouth, Nebr.; Stage Bb, at Bennett's mill! southwest 
of Nebraska City; Stages Bbiv, Ccii, CcV, at Nebraska City. 

1868, .Hemipronites crassus. McChesney, Chicago A cad. Sci., Trans., vol. 1, p. 28, pl. 1, figs. 5a-c. 

Coal Measures: 12 miles northeast of Richmond, Mo. 

1868. Hemipronites lasallensis. McChesney, Chicago Acad. Sci., Trans., vol..1, p. 28, pl. 1, figs. 6a, b. 

Upper Coal Measures: Lasalle, Ill. 

1872. Hemipronites crassus. Meek, U. S. Geol. Surv. Nebraska, p. 174, pl. 5, figs. lOa-c; pl. 8, fig. 1. 

Upper Coal Measures: Nebraska City, Bennett'.s Mill, Wyo.; Cedar Bluff, Rock Bluff, Platt.s­

mouth, Bellevue, Omaha, Peru, Rulo, and Brownsville, Nebr. 
Coal Measures: Kansas; Iowa; Missouri; Illinois. 

Chester limestone: West Virginia. 

1873. Hemipronites crassus. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 570, pi. 25, fig. 12. 

Upper Coal Measures: Lasalle, Ill. 

1875. Hemipronites crenistria. ·white, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 124, pl. 
10, fig. 9a,. (Whole volume published in 1879.) 

Carboniferous: Meadow Creek, south of Fillmore; Star District, Picacho Range; North Fork of 

Lewiston Canyon, Oquirrh Range; below Ophir City, Kanab Canyon, 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 Mine; Tenney's ranch; Kaibab Plateau; 

and at confluence of White Mountain and Black rivers, Nevada. 
1876. Hemipronites crenistria. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey Group: Near Echo Park, and at confluence of Grand and Green Rivers, Utah. 

Upper Aubrey Group: Beehive Point, near Horseshoe Canyon, Utah. 

1883. Streptorhynchus richmondi. Hall, Rept. New York State Geol. for 1882, pl: ( 10) 4o, figs. 10, 11. 

Coal Measures: Iowa. 

1884. Hemipronites crassus. White, Geol. Surv. Indiana, 13th Rept., p. 129, pl. 26, figs. 4-11. 

Coal Measures: Lodi, Eugene, Perrysville, Merom,. Big Creek, and New Harmony, Ind. 
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1884. Derbyia. crassa. Waagen, Palreontologia Indica, ser. 13, vol. 1, p. 592. 

1887. Hemipronites crassus. Herrick, Sci. Lab. Denison Univ., Bull. , vol. 2, p. 50, pl. 2, fig. 19. 

Coal Measures: Flint Ridge, Ohio. 

1888. Streptorhynchus crenistria. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 229. 

Lower Coal Measures: Des :\ioines, Iowa. 
1891. Streptorhynchus crassum. Whitfield, New York Acad. Sci., Ann., vol. 5, p. 580, pl. 13, figs. 

11, 12. 

Maxville limestone: Ohio. 

1892. Derbya crassa. Hall and Clarke, Int. Study of Brach.) pt. 1, pl. 17, figs. 1-4, 9. 

Upper Coal Measures: Kansas City, Mo.; Winterset, Iowa. 

1892. Derbya crassa. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 10,figs. 10, 11; pl. llA, figs. 

28-33; pl. liB, figs. 23, 24; pl. 20, figs. 12, 13. 

Upper Coal Measures: Near Kansas City, Mo., and Winterset, Iowa. 

1893. Streptorhynchus crassum. Whitfield, Geol. Surv. Ohio, Rept., vol. 7, p. 468, pl. 9,· figs. 11, 12. 

Maxville limestone: Ohio. 
1895. Streptorhynchus crenistria. Keyes, Missouri Geol. Surv., vol. 5, p. 67, pl. 38, figs. Sa-h. (Date 

of imprint 1894.) 

Coal Measures: Kansas City, Clinton, and Lexington, Mo. 
1896. Derbya crassa. Smith, Leland Stanford Junior Univ. Pub.; Cont. Bioi. Hopkins Seaside Lab., 

No.9, p. 28. 

Upper Coal Measures: ePoteau Mountain, Indian Territory. 

Lower Coal Measures: Conway County, Ark. 

1896. Derby a r;rassa. Smith, Am. Phil. Soc., Proc., vol. 35, p. 238. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 

Lower Coal Measures: Conway County, Ark. 

1900. Derbya crassa. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 62, pl. 8, figs. 11, llb. 
Upper and Lower Coal Measures: Fort Scott, Kansas City, Lawrence, Topeka, Kans. 

This species appears in our collections at many localities, but it is usually rather 
rare. Though abundant in the Crested Butte region (stations 2307 and 2320), at 

Glenwood Springs (2193a), and at Ouray (2195a), it is somewhat crushed and poorly 

preserved. Specifically it agrees with the Mississippi Valley variety in every 

essential. 
The material from Leadville is both scanty and poor, and the identification in 

one or two cases may not be correct. 

Locality and lwrizon.-San Juan region (stations 2197, 2203, 2219, 2220, 2233, 
2246, 224 7, 2284, 2332); throughout the Hermosa formation. Crested Butte district 

(statio.ns 2280~ 2293, 2303, 2307, 2320); Weber limestone and Maroon formation. 
Leadville district (stations 2250, 2252, 2265, 2275); upper and lower portions of the 
Weber formation. Ouray (station 2195a); Hermosa formation. Grand R1ver region~ 
Glenwood Springs (station 2193a). 
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MEEKELLA White and St. John, 1868. 

MEEKELL.A STRI.ATICOSTAT.A Cox. 

1857. Plicatula striato~costata. Cox, Owen's Geol. Surv. Kentucky, Rept., vol. 3, p. 568, pl. 8, fig. 7. 

Coal Measures: Providence, Hopkins County, Ky. 

? 1858. Orthisina shumardiana. Swallow, Acad. Sci. St. Louis, Trans. ; vol. 1, p. 183. 

Lower Permian: Valley of Cottonwood, Kans. 

1858. 'Orthisina missouriensis. Swallow, Acad. Sci. ~t. Louis, Trans., 'vol. 1, p. 219. 

Upper Coal Measures: Dallas, Mo. ; Kansas. 

? 1859. Orthisina shumardiana. Meek and Haycl.en, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Upper Coal Measures: Fort Riley, Kans. 

1859. Orthisina missouriensis. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Upper Coal Measures: Leavenworth, Kans. 

? 1859. Streptorhynchus ( Orthisina) shumardianus. Shumard, Acad. Sci. St. Louis, Trans., vol. 1, p. 395. 

Permian sandstone: Guadalupe Mountains. 

? 1863. Orthisina occidentalis. Swallow, Acad. Sci. St. Louis, Trans., vol. 2, p. 82. 

Upper Coal Measures: Caldwell County, Mo. 

1866. Orthis striato~costata. Geinitz, Carb. und Dyas in Nebraska, p. 48, Tab. 3, figs. 22-24. 

Upper Coal Measures: Crescent City, Iowa. 

1868. Meekella striato~costata. White and St. John, Chicago Acad. Sci., Trans., vol. 1, pp. 120, 1221 figs: 

4-6. 

Coal Measures: Iowa. 

1872. Meekella striato~costata. Meek, .u. S. Geol. Surv. Nebraska, p. 175, pl. 5, figs. 12a-c. 

Upper Coal Measures: Nebraska City, Bellevue, Plattsmouth, Otoe City, and Aspinwall, Nebr.; 

Kentucky; Iowa; Missouri; Illinois. 

1873. Meekella striato~costata. Meek and Worthen, Geol. Surv. Illinois, Rept., ·vol. 5, p. 571, pl. 26, 

fig. 21. 

Upper and Lower Coal Measures: Caseyville and various localities in Illinois. 

1875. Meekella striato~costata. White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 126, 
pl. 9, figs. 4a-e. (Volume published as a whole in 1877. ) 

Carboniferous: Camp Cottonwood, Lincoln County, Nev.; Tenney's ranch, Kaibab Plateau, 

Arizona; Kanab Canyon; Meadow Creek, south of Fillmore; Le.Verkins Creek, and at cliff 

east of Belleview, Utah. 

1876. Meekella striatocostata. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1883. Streptorhynchus ( Meekella) striatocostata. Hall, Rept. New York State Geol. for 1882, pl. ( 10) 40, 

figs. 18-23. 

1883. Meekella striatocostata. Kayser, Richtofen's China, vol. 4, p. 178, pl. 23, fig. 8. 

Upper Carboniferous: :bo~Ping, China. 

1884. ileekella striatocostata. White, Geol. Surv. Indian-a, 13th Rept., p. 130, pl. 26, figs. 12-14. 

Coal Measures: Western part of Vigo County, Ind. 

1892. Meekella striatocostata. Hall and Clarke, Int. Study of Brach., pt. 1, pl. 17, figs. 10-13. 

Upper Coal Measures: Winterset, Iowa; Lawrence County, Kans. 

\ 
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1892. Meekella striatocostata. Hall and Clarke, Pal. New York, vol. 8, pt. i, p. 265, pl. 10, figs. 18-23; 
pl. llB, figs. 20-22. 

Upper Coal Measures: Winterset, Iowa; Lawrence County, Kans. 

1895 . . 1lfeekella striatocostata. Keyes, Missouri Geol. Surv., vol. 5, p. 68, pl. 39, figs. la-c. (Date of 
imprint 1894.) 

Upper CoaJ Measures: Kansas City, Mo. 

1900. Meekella striatocostata. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 65, pl. 12, figs. 9-9c. 

Upper and Lower CoaJ Measures: Fort Scott, Olathe, Kansas City, Eudora, Lawrence, Leco~p­
ton, Topeka, Beaumont, Grand Summit, Kans. Widely distributed but moderately rare 

throughout the Coal Measures and base of the Permian. Abundant near base of Permian. 

Shells referable to the genus .Meekella have been collected at three localities, but 
I am dissatisfied, I confess, with the specific dit-iposition which their unfavorable 

condition has led me to make of them. At Deadwood Gulch in the San Juan region 
(station 2229), specimens are abundant but frag·mentary. At the two other points they 

are rare and also fragmentary. At the former occur specimens which can without 
impropriety, so far as their imperfect condition permits judgment, be placed with 

Cox's Meekella striaticostata. From this type there is deviation in several directions, 

a very noticeable phase of which ·consists in a varying obsolescence of the longitudinal 
plications, and accompanying it of a -manifestation by the strire of a strong tendency 

to grow straight and parallel, instead of being arranged in a somewhat pinnate manner 
as in the typical variety. In some of these specimens, also, the striation is much finer 
than in typical examples. 

At . Silver Creek (station 2309), also in the San Juan, the only speQimen obtained 

shows a form with high area whose surface lacks all but the faintest traces of plications 

· and is covered with fine, straight strire \vhich are more or less regularly unequal. 
A still different type is found in a dorsal valve from Leadville (station 2254). 

Here the strire are ·coarse when compared with the last, but, like them, are rigid and 

parallel. Plieations, provided they have not been obliterated by crushing, are almost 
obsolete. Where the crest of each would probably be situated, one of the strire is 

exaggerated, the intermediate ones numbering six or eight. 
I judge that there are two species or varieties involved in this collection, or 

possibly three, but the small amount and wretche~ condition of my material prevents 
ascertaining their respective limits or their mutual relations. It was apparently for 

a form similar to those with faint plications and straight~ parallel strire that Swallow 
proposed the name Orthisina shu1nardiana, and this name, it seems to me, it would 
be well to retain, at least in a varjetal sense. 

Locality and horizon.-San Juan region (stations 2229, 2309~); middle portion 
of the Hermosa formation. Leadville· district (station 2254). 
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CHONETES Fischer de W aldheim, 1830. 

CHONETES FLEMING I Norwood and Pratten. 

Pl. I, :figs. 17, 18, 18a. 

1854. Chonetes jlemingii. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2 S.), vol. 3, p 

26, pl. 2, :figs. 5a-c. (Imprint of whole volume, 1855.) 

[Coal Measures]: · Ten miles northwest of Richmond, Mo. 

1859. Chonetes jlemingi ( .!~). Shumard, Acad. Sci. St. Louis, Trans.', vol. 1, p. 390. 

White Permian limestone: Guadalupe Mountains. 

1891. Chonetesjlem.ingi. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 247. 

Lower Coal Measures: Des Moines, Iowa. 

1892. Chonetesjlemingi. Hall and Clarke, Pal. New York, vol. 5, pt. 1, pl. 15B,. :fig. 1. 

Coal Measures: Illinois. 

1895. Chonetes Jl.emingi. Keyes, Missou:ri Geol. Surv., vol. 5, p. 54, pl. 38, :figs. 6a, b. (Date of imprint, 

1894.) 

· Upper Coal Measures: Kansas City, Mo. 

In identifying this species, comparison has been made with: a rather extensive 

series from the Mississippi Valley. I feel little hesitation in referring both sets of 

specimens to the same species, which I take to be Chonetes jlemingi Norwood and 
Pratten. The latter has been regarded by Schuchert and Weller as a synonym for 

Oh. variolatus d'Orbigny. 
My study of this material aroused the suspicion that Oh. jlemingi and Oh. ver-. 

neuilianus were proposed for divergent variations of the same type._ One would be 

led by Norwood and Pratten's work to conclude that Oh. jlem1:ngi c~uld be distin­
guished from Oh. verneuilianus by being larger, less strongly marked by fold and . 
sinus, by having seven instead of four spines on either' side of the beak, by having 

more numerous striro (150 instead of 100), and by the _pitted character of the surface 
lyir;tg between them. · The difference in number of striro might be largely offset by 
size, so that this factor would probably have to be disregarded in discriminating the 

two species. 
In the collections examined, . although they had been for the most part identified 

with Oh. verneuilianus, I find that almost all the material can be correctly referred 

only to Oh . .flemingi. In regard to size, of course the greatest diversity occurs, but 

in almost every instance specimens were found which attained a much larger size 
than that cited by the authors of Oh. 1·erneuilianus. Exception must, however, be 

made in favor of a small collection of about a dozen specimens from Caseyville, 
Ill., to which reference will be made later on. These specimens are all small, very 
few attaining a greater transverse diameter than 7 mm. 

It was not in every case possible to ascertain the number of spines possessed by 

each specimen, J?ut almost always more than four could be counted on e,~en the 
smaller examples. As many as nine have been observed, but the most common 
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number is six or sev.en. . Even in specimens of the same size and apparen~ly the 
same age, differences occurred in the number and arrangement of the spines developed, 

at least in the number which could be ascertained, There was also great variation 

in t4e plicated or sinuate condition of the shell. The dominant type had a strong 
sinus of about the degree of development shown in Norwood and Pratten's figures of 

Oh. jleminqi, but variation extended on the one hand to an incipient obsolescence of 
plication and on the other to a condition as strongly folded, in some instances, as 

Ch. verneuilianus, where figured in the original description. Another point of varia­
tion which may be mentioned here is in the proportions of the shell, which ranges 

from distinctly transverse to subquadrate, and in the prolongation .of the cardinal 
extremities. A transverse shape, produced cardinal line, and a deep fold and sinus 
usually go together in this species, so far as my observations extend. 

The number of strire developed depends, of course, in large measure upon the 
size of the shell, but in the size of the strire and the number occurring in a given 

space no considerable variation was observed. They do vary appreciably, however, 

in the strength with which they are developed, in some cases being raised and strong 

and in others obsolescent. This difference can not be ascribed to erosion, as in . 
many cases the delicate concentric growth lines could be detected. These are unlike 

the even, threadlike, concentric strire covering the coarser radiating ornamentation 
on many Lower Carboniferous members of the genus, but are rather irregular and 
minutely lamellose. 

The pittings between the strire mentioned by the authors in connection with Oh. 

flerninqi could be seen in most of the specimens examined, though, of course, 
preservation plays an important part in concealing and revealing such minute 

characters. 
Much the greater part of the material examined, therefore, seems to belong 

rather to Oh. jleminqi than to Oh. vernettilianus. In several instances a few 
individuals, especially byreason of increased gibbosity and an exaggerated develop­

ment of fold and sinus, approach the limits occupied by the species Oh. verneuilianus. 
Whether they are true representatives of that species is still a matter of doubt in my 
mind, but if they can be correctly so identified, I think one name might well be 

reduced to varietal import, as every gradation seems to occur between the two types. 

In view of these observations Oh. flem.inqi would more properly be retained as the 
specific appellation, not only because it has priority among the species described by 
Norwood and.Pratten, but because it seems to be the abundant and dominant type of 

which the other is but a variant. 

The small variety from Caseyville mentioned above is ~ransverse, with well 
developed s_inus, hinge line much longer than the width of the shell below, and with 
slightly obsolescent strire. 

14364-No. 16-03-23 
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The -Colorado collection consists for the most part of large shells, with strong 

strire and slight development of sinus. The shape is-generally subquadrate. The 
width is greater, tl:ough not very much so, than the length, and. the hinge line is but 
slightly extended. Exception must be made, however, 'of a few poorl}~ preserved 

specimens from station 2213 in the San Juan region, which are smaller arid more 

gibbous than the others and have a strongly impressed ventral sinus. ·These latter· 

have been referred to Oh. flen?.ingi var. vernettilianus. Oh .. flemin.gi is rather 
abundant at Glenwood ·springs, the form being small and with indistLoct sinus. 

Locality and horizon. - Crested Butte district (stations .2293, 2313, 2315); Weber 
limestone and Maroon formation. Grand River region (station · 2324), Glenwood 

Springs (stations 2193a, 2326, 2329b). Ouray (station 2194); Hermosa formation. 

CHONETES FLEMING! var. VERNEUILIANUS. 

1854. Chonetes verneuilana. Norwood and Pratten, Acad . .Nat. Sci. Philadelphia, Jour., (2), vol. 3, 

p. 26, pl. 2, figs. 6a-c. (Imprint of whole volume 1855). 

Coal Measures: Charboniere, Mo. 

1859. Chonetes verneuiliana. Meek and Hayden, Acad. Nat. Sci.. Philadelphia, Proe., p. 26. 

Upper Coal Measures: Manhattan, Kans. 

1861. Chonetes verneuiliana. Newberry, Ives's Colorado River Expl. Exped., p. 1~8. 

Upper Carboniferous: Cherty limestones on banks of the Colorado River, 100 miles northwest 

· of San Francisco Mountain. 

1872. Chonetes verneuilana . . Meek, U. S. Geol. Surv. Nebraska, p. 170, pl. 1, figs. lOa, b. 

Upper Coal Measures: Plattsmouth, Nebr.; Kansas; Iowa; Missouri; Illinois. 

1883. Chonetes verneuili. Hall, Rept. New York State Geol. for 1882, pl. (16) 47, figs. 20-21. 

Coal Measures: ·western States. · 

1884. Chonetes verneuil'iaria. White, Geol. Surv. Indiana, 13th Rept., p. 128, pl. 25, figs. 7, 8. 

Coal Measures: Every countyin the Coal Measures of Indiana. 

1892. Chonetes verneuiliana. Hall and Clark, Ini. Study of Brach., pt. 1, pl. 20, figs. ·5, 6.­

Coal Measures: Illinois. 

1892 . • Chonetes verneuiliana. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 6, figs. 20, 21. 

Coal Measures: Illinois. 

1900. Chonetes verneuilianus. Beede, Geol. Surv. Kansas, Rept., vol. 6, p. 72, pl. 9, figs. 4-4c. 

Lower and Upper Coal Measures : Bronson, Bourbon County, Kansas City, Buffalo Mound, 

vVabaunsee County, Kans. 

A few poorly preserved specimens from station 2213 in the San Juan region 
have been provisionally placed with Oh. flerningi var. vernettilianus. They differ 

from the form identi~ed . as Ch. flerningi in being smaller, more transverse, and _. 
·furnished with a deeper sinus. 

Locality and lwr,£zon. -San Juan region (station 2213); lower portion of Hermosa 
formation. 
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CHONETES G EINITZIANUS W aagen, 

Pl. I, figs. 19, 19a. 

l866. Chonetes glabra: Geinitz, Carb. und Dyas in Nebraska, p. 60, tab. 4, figs. 15-18 (not C. glabar 

Hall, 1857. ) 

Dyas: Nebraska City, Nebr. 

1869. Chonetes glabra. Tonia, Sitzb. der Kais. Akad. der Wissench. Wien, 1. Abth., vol. 59, p. 442. 

Carboniferous limestone: 10 miles from Cochabamba, Bolivia. 

1872. Chonetes glabm. Meek, U. S. Geol. Surv. Nebraska, p. 171, pl. 4, fig. 10; pl. 8, figs. Sa, b. 

Upper Coal Measures: Nebraska City, Nebr.; Atchison, Kans. 

1874. Chonetes glabra. Derby, Cornell Univ. (Science), Bull. , vol. 1, No.2, p. 43, pl. 8, figs. 11, 14, 15, 19. 

Coal Measures: Bomjardim and Itaituba, Brazil, and Cochabamba, Bolivia. 

1876. Chonetes glabra. Derby, Mus. Comp. Zool., Bull., vol. 3, p. 280 . 

. Coal Measures: Yampopata, Brazil. 

1884. Chonetes geinitziana. Waagen, Paleontologica Indica, ser. 13, vol. 1, pp. 616, 621. 

1888. Chonetes l[£'/)is. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 229, pl. 12, figs. 3a, b. 

Lower Coal Measures: Des Moines, Iowa. 

1889. Chonetes geinitzanus. Miller, North American Geol. and Pal., p. 339. 

1891. Chonetes l[£Vis. Keyes, A cad. Nat. Sci. Philadelphia, Proc. , p. 246. 

Lower Coal Measures: Des Moines, Iowa. 

1892. Chonetes l;evis. Keyes, Iowa A cad. Sci., Proc., vol. 1, pt. 2, p. 22. 

Lower Coal Measures: Near Des Moines, Iowa. 

1894. Chonetes l~s. KeyeA, Missouri Geol. Surv., vol. 5, p. 55, pl. 37, figs. 5a, b. 

Upper Coal Measures: Kansas City, Mo. 

1900. Chonetes glaber. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 68, pl. 9, fig. 2. 

Upper Coal Measures: Topeka. 

When W aagen propqsed Chonetes geinitzianus for this species to replace the 
older name first given it by GeiYiitz, he pointed out that Chonetes glaberr, used by 
the latter, had long been preoccupied .by Chonetes glabe1· HalLa While Chonetes 

ge£nitzianus has not yet come into use among American paleontologists, there can 

be no question about the propriety of adopting the name. 

~he representation of Chonetes geinitziantts in our collections is often scanty 
and the preservation poor. About the only identifications which are believed to be 
unquestionable are at two localities in the Leadville district (stations 2267 .. and 2268). 

The form at Empire Gulch in the Leadville district (station 2264) is extremely abun­
dant, but so poorly preserved as to make a certain identification impossible. A 
single specimen of small size from near Glenwood Springs can probably be referred 

here. 

In the San Juan region (at station 2243, which is believed to be in the Hico 
formation) Chonetes geinitziantts is found in moderate .abundance. The specimens, 
however, are rather undersized. 

aNew York State Cab. Nat. Hist., lOth Rept,, 1857, p.ll7, figs. 1-8. 
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It is, perhaps, deserving. o:f notice that this species is largely restricted, so :far as . 

our collectjons indicate, to the Lead ville region . . 

Locality and horizon.-SanJuanregion(station ~343); ·Rico ~ormation. Leadville 

district (stations 2257~, 2264~, 2265 ~' 2267, 2268); base o:f the Weber :formation. 

Grand River region, Glenwood Springs (station 2329b). 

CHONETES GRANULIFER Owen. 

1852. Chonetes granulijera. Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, p. 583, pl. 5, fig. 12. 

Carboniferous limestone: Near mouth of Keg Creek. 

1854. Chonetes smithii. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., {2), vol. 3, p. 24, 

pl. 2, figs. 2a-c. (Entire volume bears imprint of 1855.) 

Coal Measures: Belleville, Ill. 

1854. Chonetes granulijera. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, p. 24., 

(Entire volume bears imprint of 1855.) 

Coal Measures: Belleville, Ill.; Keg Creek, Missouri. 

1858. Chonetes mucronata. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 262. (Not C. 

mucronatus Hall, 1843.) 

Upper Coal Measures: Near Fort Riley, Kans. 

1859. Chonetes mucronata. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Upper Coal Measures: Fort Riley and Cottonwood Creek, Kansas. 

1864. Chonetes mucronata. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172; p. 22, 
pl. 1, fig. 5a-c. 

Coal Measures: Near Fort Riley; Kans. 

1866. Chonetes mucronata. Geinitz, Carb. und Dyas in Nebraska, p. 58, tab. 4, figs. 12-14. · 

Upper Coal Measures: Bennett's Mill and Nebraska City, Nebr. 

1869. Chonetes mucronata. Toula, Sitzb. der Kais. Akad. der Wissensch. ''Tien, 1 Abth., vol. 59, p. 442. 

Carboniferous limestone: Ten miles from Cochabamba, Bolivia. 

1872. Chonetes granulijera. Meek, U .. S. Geol. Surv. Nebraska, p. 170, pl. 4, fig. 9, pl. 6, fig. 10; pl. 8, 

fig. 7. 

Upper Coal Measures: Nebraska City, Wyoming, Bennetts Mill, Plattsmouth, Belle,rue, and 

Omaha, Nebr.; Kansas; Missouri; Iowa. 

Coal Measures: Illinois. 

1873. Chonetes smithii. Meek and Worthen, GeoL Surv. Illinois, Rept., vol. 5, p. 570, pl. 25, fig. 11. 

Coal Measures: St. Clair County, Ill. 

1875. Chonetes gmnulijera. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, pt. 1, p. 122, 

pl. 9, figs. Sa-c. (Entire volume bears imprint 1877.) 

Carboniferous (Upper Aubrey limestone): Kanab Canyon, Arizona. 

1876. Chonetes granulijera. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1891. Chonetes granulijerus. Beecher, Am. Jour. Sci., (3), yol. 41, p. 357, pl. 17, fig. 15. 

Coal Measures: Manhattan, Kans. 

1892. Chonetes smithi. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 15B, fig. 12. 

Coal Measures: Illinois. 

1894. Chonetes granulijera. Keyes, Missouri Geol. Surv., vol. 5, .P· 56. 

Upper Coal Measures: Kansas City, Mo. 
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1900. Clwnetes granulifer. Beede, Univ .. Geol. Surv. Kansas, Rept., vol. 6, p. 69, pl. 9, figs. 1-1c. 

Coal Measures: Common throughout Coal Measures; from Kansas City to Topeka and Manhat­

tan, Grand Summit, etc., Kans. 

1900. Chonetes granulifera. Knight., Univ. Wyoming, WyomingExp. Sta., BulL No. 45, pl. 3, fig. 2. 

In all the collections examined but a single specimen of .this form, so common at 

certain horizons in :the Mississippi Valley, has come to hand. It seems, however, to 

be a characteristic example of Owen's well-known species. 

Locality and lwrizon.-Dolores River region, Sinbads Valley (station 2285); top 

of the Hermosa formation. 

CJIONETES MESOLOBUS Norwood and Pratten. 

Pl. I, figs. 20, 21, 22, 23. 

1855. Chonetes mesoloba. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour. (2), vol. 3, p. 27, 

pl. 2, figs. 7a-c. 

Coal Measures: Belleville, Ill.; Charboniere, Mo. 

1875. Chonetes mesoloba. White, U. S. Geog. Geol. ~urv. W. 100th Mer., Rept., voJ. 4, pt. 1, p. 123, 

pl. 9, fig. 7a. (Entire volume published in 1877.) 

Carboniferous: Confluence of White Mountain and Black rivers, Arizona. 

1883. Chonetes mesoloba. Hall, Rept. New Yqrk State Geol. for 1882, pl. (16) 47, fig. 22. 

Coal Measures. 

1887. Chonetes mesoloba. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 49. 

Coal Measures: Flint Ridge, Ohio. 

1888. Chonetes mesoloba. Keyes, Acad. Nat. Sci. Philadelph a, Proc., p. 228. 

Lower Coal Measures: Des Moines, Iowa. 

1892. Chonetes mesoloba. Hall and Clarke, Int. Study pf Br ch., pt. 1, pl. 20, fig. 7. 

Coal Measures: Illinois. 

1892. Chonetes mesoloba. Hall and Clarke, Pal. New York, ol. 8, pt. 1, pl. f6, fig. 22. 

Coal Measures: Illinois. 

1894. Chonetes mesoloba. Keyes, Missouri Geol. Surv., vol. , p. 53. 

Upper Coal Measures: Kansas City, Mo. 

1899. Chonetes mesolobus. Gi~ty, U. S. Geol. Eurv., Ninetee th Ann. Rept., pt. 3, p. 576. 

Upper Coal Measures: Atoka quadrangle. 

1900. Chonetes mesolobus. Beede, Univ. Geol. Surv. Kansas Rept., voL 6, p. 71, pl. 9, figs. 3, 3b. 

Lower Coal Measures: Fort Scott and Bronson, Bour on County, Kans. 

The Colorado representatives of this well-ch racterized species are quite typical 

in every way. It is not found at many localities, nor usually in great numbers, but 

at station 2343, which is on Dolores River, i the Rico formation, it occurs in 

abundance. Two different types of shell can be istinguished, one small in size and 

with strong lobation, the other large, with t two sulci of the ventral valve 

tending toward evanescence. 
repreBent the latter variety. 

Specimens from s tion 2238 in the San Juan region 

I am disposed to a vocate the distinction by a varietal 
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name of this large faintly lobate type, especially if, as I b~lieve to be the case, it 
can be correlated with circumstances of range or distribution. 

Locality ancllwrizon.-San Juan region (stations 2226; 2233, 2238, 2343); upper 
part of the Hljrmosa formation, Rico formation. Crested Butte district (stations 
2293, 2303); Maroon formation. Grand .River region (station 2324). 

PRODUCTUS Sowerby, 1814. 

PRODUCTUS SEMIRETICULATUS var. HERl\!OSANUS n. var. 

Pl. II, figs. 1 to lc, 2 to 2b, 3 to 3b, 4 to 4b . 

. Although representing a type which has sometimes probably been referred to 
Prod,uctus costahtS Sower by, I believe the material in h,and to be more closely related 
to Producttts sen1.ireticulat1tS Martin. Meek a seems to doubt the existence of typical 

P. costa&us in this country, and cites an opinion of Davidson to the effect that some, 
at least, of the Amed,can shells referred to it are more nearly allied to Martin's spe­
Cies. Although the material from Colorado is probably not identical with the form 

which called forth the remarks just quoted, they tend to corroborate the opinion with 

which the discussion of this species here opens. 
The strire usually number from 8 to 10 in the space of 10 mm. over the median 

portion of the shell, and are equal and regular' but anteriorly they are apt to be une­
qual and irregular. In this region they are often coarser owing in large measure, I 

believe, to the increased size of the shell, their number remaining about the same and 
· their size proportionally augmented. It is not rare, however, to find two or more strire 

coalescing anteriorly into a single larger one, nor, on the other hand, is the bifurcation 
of strire toward the anterior margin of rare occurrence. The former process is some­

times regarded as characteristic of Product·us costat1l8, but in the present form it takes 
place only in a limited degree, and a much greater number of strire are found around 
its margin than is the case in P. costat1l8. Sower by b cites only 18 in the ~riginal 
description, while in this form 50 or more is a common number. In point of fact 

however, neither Sowerby'.s description nor figures indicate that the large size a~d 
small number of the striffi of P. costatus is due to coalescence, and the reverse seems 
to be the case. The spines developed in this species, except upon the ears, though of 

large size, are comparatively few in number. 
On the other hand, though certainly' resembling it in many ways, this is not the 

common form in the Pennsylvanian rocks of th~ Mississippi Valley which passes 
under the name of Prodttettts semiretimtlatus. It is in general somewhat smaller, 
more inflated_ and incurved, with fewer and larger spines, and ears which are at the 
same time more extended and inrolled. These differences seem to ;me sufficiently 

constant and well marked to have at least varietal value, and I have distinguished, by 
the term luirmosanus, the western form possessing them. This species is related to 

aU. S. Geol. Surv. Nebraska, 1872, p. 159. bMin. Conch., vol. 6, 1829, p. 115, pl. 560, fig. 1. 
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Productus spiraUs \Vaagen, from India, and to Prodtuctu,s bolivien_ns d'Orbigny ,. but 

is clea:rly distinct from either. It is also very closely allied to the form I have 

designated as P. injlatus McChesney, which is little more than . a variety, .and the 

two apparently intergrade completely. This statement, however, ,might have to be 
modified if all the material were in perfect preservation. 

In its typical condition Prod"ttetus semireticulatus var .. ltermosa?.nts is largely 
confined in Colorado to the San Juan region. The stations at which well character­

ized material has been obtained are, in the San .luau region, 2204, 2207, 2210, 2236, 

2241, 2243, 2302, 2331, 2333, .2335, in the Leadville region., 2262, and in the Crested 
Butte, 2245 and 2293. Most of the other identifications rest upon intermediate 

gradations between it and P. injlattts, or upon imperfect and scanty n1a.terial. . In 
the San Juan region the two forms seem to be well distinguished and it is in other 

areas where P. iriflattts is the prevailing form that intermediates mostly occur. 
P. injlatus displays more of a tendency to graduate into P. smnireticulatus var. 

Aerrnosantts, than into P. i11jlatu,s, and in some cases the. coarser forms of P. 1:njlat1ts 

when associated with the finely striated variety have been placed with P. smniretic'lt· 

latus var. herrnosan1..ts when, had they been found alone, they might have been 

referred to the other. 
This species also occurs in the . Missis~ippi Valley, where its horizon seems to be 

at the base of and just below the Upper Coal Measures of the Kansas section. It 
thus is an earlier form than the typical, or at all events the best-known, variety of 
P. semireticulatus, and is probably its progenitor. The latter is as yet. not known to 

occur in Colorado. 
The identification of this form in the fauna from Sinbads Valiey is doubtful. 

Locality and lwrizon. -San Juan region (stations 2200, 2204, 2207, 2210, 2226?, 

2236, 2241, 2243, 2331, 2333, 2334, 2335); middle and upper portions of the Hermosa 
formation. Crested Butte district (stations 2245, 2291, 2293, 2300, 2302, 2304); 

Maroon formation. Leadville district (stations 2252, 2259, 2262, 2264, 2265, 2266, 

2275); lower, middle, and upper portions of the Weber formation . Ouray (station 

2194); Hermosa formation. Dolores River region, Sinbads Valley (station 2285); 

top of the Hermosa formation. 

PRO DUCTUS INFLATUS McChesney. 

Pl. III, figs. 1 to 1 b, 2, 2a, 3. 

1860. PToductus injlatus. McChesney, Desc. New Spec. Pal. Foss., p. 40. 

Carboniferous limestone: Leavenworth, Ind. 

1865. PToductus injlah~s . McChesney, Illustrations New Spee. Foss., pl. 6, figs. la-c. 

1868. PToductus inflatus. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 27, pl. 6; figs. la-c. 

Carboniferous limestone: Leavenworth, Ind. 

Shell of medium size, very gibbous, transversely subquadrate. Ventral valve 
highly inflated, the posterior portion being more strongly flexed than the anterior. 
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Beak Rmall, incurved, projecting but slightly beyond the hinge line. Ears rather 

large, extended, vaulted. Sinus broad and shallow, distinct though not strong. 

Dorsal valve slightly concave over the visceral portion. After attaining· a length 

of abop.t 20 mm. the curvature is strong and sudden, and subsequent growth follows 

that of the other valve. The visceral cavity is of considerable height, sometimes as 

much as 15 mm., but usually a little less. 

The surface is marked by numerous fine, even, wire-iike, radiating strire, and 

posteriorly, over about one-third its length, by concentric wrinkles . . The spi~es are 

few and distant, though large. They are scattered over the surface, sometimes in 

more or less regular quincunx arrangement. Often one . or two of the strire are 

interrupted by each spine as it develops, to reappear in a bifurcated condition, three 

or four originating at each spine base. 

This form closely' resembles the one which I have designated as Promuctus serni­
reticulatus var. hermosan1.l8. I am unable to point out any differences of significance 

in the conformation of the shell, and the chief distinction concerns the surface orna­

mentation. In the more typical examples of Productus injlatus the concentric 

wrinkles and radiating strire are much finer and the spines smaller and more numer­

ous. As many as 15 or 16 strire occur in the ~pace of 10 mm., while in Prod?.lctus 
semireticulatus var. hermosanus only 9 or 10 are found in the same distance. Varia­

tion from this proportion in P. injlatus, however, is rather toward coarseness than 

fineness, and the two forms intergrade so that, while well-characterized examples can 

be readily distinguished, others are found w:hich it is difficult to discriminate, identi­

fication with one species seemiog to present equal claims with the other. 

Productus injlatus is certainly a good variety of P. semireticulatus vnr. hermo~ 

sanus, but 1 doubt if it should be accorded higher recognition unless on account of 

the difference in r:;tnge which our Colorado collections indicate. 

This form occurs also in the Mississippi Valley, and I have identified it at Rock 

Bluff, Nebr., Bellevue, Nebr., and at Sumner, Kans: A form which is probably the 

same is found also at Sneedville, Tenn., and 14 miles east of CuD? berland Gap, Tenn. 

The fossils from Colorado are somewhat larger than those from Kansas and Nebraska, 

while the Tennessee collection shows a still smaller and somewhat more coarsely 

striated variety. 

I am .uncertain as to the correct identification of this species. The form from 

Colorado and that froll! the localities in Kansas and Nebraska just mentioned are, I 

have little doubt, the same. Except for being a trifle larger, this type answers 

closely to McChesney's description of Productus injlatus, but this author fails to give 

exact data 1;egarding the size of the strire in the form he was describing. The shell 

from Sneedville is possibly more typical than that from beyond the Mississippi. As 

I have already stated, it is smaller and somewhat. more coarsely striate, and I am not 

satisfied. that it is conspecific with the latter. 
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The affinities of the Colorado form with Derby's Brazilian species, P roductu8 
chandlessi , are very close. 1 have compared my specimens with a small collection 

from Itaituba, Brazil, and except for one particular the two types seem to be identi­

cal, and perhaps the form under discussion would better have been referr-ed, as a 

variety, to P. chandlessi than to McChesney's species. The difference referred to is 
that the Brazilian form ~as the anterior areas of the shell nearly or quite smooth, the 

strire becoming obsolete over the additions of later growth. P. injlatus also closely 
resembles P. boliviensis of 'd'Orbigny. The prolongation of the hinge line. into 

projecting, enrolled ears is not as marked as in that species. Another closely allied 

form is P. cora var. mogoyoni of Marcou, and I look to see all three- appear some day 
in synonymy. There can be no doubt that they are at least intimately related. 

Locality and lwrizon.-San Juan region (stations 2209, 2213, 2233, 2247); lower 
portion of the Hermosa formation. Crested Butte district (station 2313); Weber 

limestone. Leadville district (stations 2250, 2253, 2254, 2257, 2259?, 2265, 2267, 
2268, 2271, 2275, 2281); abundant in the lower portion of the Weber formation, rare 
in the upper portion. Ouray (stations 2195, 2195a, 2195b); Hermosa formation 

Grand River region, Glenwood Springs (station 2193a). 

PRODUCTUS GALLATINENSIS Gii-ty. 

Pl. Ill, figs. 4, 4a, 5, 6 to 6b, 7, 8, 8a. 

1899. Productus gallatinensis. Girty , U. S. Geol. Surv., Mon. , vol. 32, pt. 2, p. 533, pl. 68, figs. 11a-11d, 

7a-7c. 

Madison limestone: Yellowstone National P~rk. 

Ventral valve very convex, strongly enrolled longitudinally, especially toward 
the beak, which is sometimes placed anterior to the posterior outline of the shell. 
Anterior portion nearly vertical, and but slightly curved. The sides also are nearly 
vertical, slightly converging toward . the vault, which is broad and flattened, some­

times with even a shallow, slightly perceptible sinus. The anterior view would thus 
be subquadrate In outline. Hinge line as long ~s the shell in front, the ears being 
small and quadrate. 

The shape o~ the dorsal valve is semicircular or subquadrate. It is nearly fiat 
over the visceral region, strongly geniculate peripherally, the margin being normal 

to the flattened portion of the shell. Ears small, quadrate, marked off by grooves 
near the hinge line converging to the beak. Visceral area .crossed by strong, fine, 

concentric wrinkles. 
The surface is ornamented with . fine, strong, rigid, radiating sti·ire, which num­

ber 8 to 10 in the space of 5 mm. The visceral region of _both valves is crossed for 

some distance by fine, strong, concentric wrinkles, and in the ventral valve the outer 
portions of the shell are furnished with a small number of spines which are propor­
tionately rather large, and sometimes assume, when sufficiently numerous, a more or 

less regular quincunx arrangement. 
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Transverse diameter at the binge line of a moderate-sized individual, 19 mm. · 

Length from hinge line to anterior margin, 15 mm~ 
In its shape and proportions this shell belongs to a series of ~orms among which 

I have distinguished five varieties or speci~s besides the one in questi~m. These six 
species :are naturally assembled into two groups, one with fine strire, the other with 
coarse. Each group in turn. separates into three minor units, chiefly by reason of 
difference in size, and this is very readily accomplished because the differences are 

strong and not bridged over by intermediate examples. Bize, however, is not the 
only particular, though it is the most obvious one, i~ which diffe'rences ean be found. 

Correspondence in size in the two series of forms is striking, so that, ass.uming 
this feature as the basis of division, three units would result, each having a eoarse 
and a fine variety. I am not satisfied what importance shouid attach to the differ-' 
ences marking these six types, ·but feel that they are sufficiently strong to deserve 

notice of some sort. I have, therefore, severally referred these forms or phases to 
species already i!l the literature which they either resemble or with which they are 
identical, thus admitting them to a rank which subsequent investigation may con­
siderably diminish. 

It surprised me to find this form, which I . originally described from strata of 
Mississippian age in Yellowstone National Park, reappearing in association with an 

unmistakable Coal M~asure fauna, but after a careful comparison of two rather 
extensive suites of specime11s I am unable to point out characters of even varietal 
value by which they can be distinguished. Only inconsiderable differences, chiefly 
between individuals, can be discovered, and their identity is practically complete so 
far as shown by my material, which is both abundant and well . prese.rved. 

This form answers very closely to Swallo.w's description of Productus boonensis, 
a1~d I suspect, nowthat its range seems to extend up into· the Coal Measures," that 
my name will prove a synonym. It is 'impossible, however, to decide this point 
without authentic specimens of P. boonensi~ with which to make· comparisons. 

Occasionally, among the material examined, one specimen or two will take on 
almost the proportions of P. parviformi8, which differs from P. gallatinensi8 in little · 
but size; 

Locality and horizon.-San Juan region (stations 2197, 2213, 2216~, 2233, 2247, 
2284); lower portion of the Hermosa formation. Ouray (station 2195a); Hermosa 

formation. Crested Butte district (station 2245). 

PRO DUCTUS PORTLOC~IANUS Norwood and Pr.atten. 

1854. Productus portlockianus. Norwood and Pratten, Acad. Nat. Sci. Philadelpl1ia, Jour., (2), vol. 3, 

p. 15, pl. 1, figs. 9a-c. (Whole volume published in 1855.) 

Coal Measures: Grayville, White County, Ill.; Charboniere, Mo . 

. In Sinbads VaHey, at statiOn 2285, occurs a form which is identified with some 
confidence with Norwood and Pratten's Productus portlockianus. This species has 



DESCRIPTIONS OF SPECIES. 363 

generally been considered a synonym of Prod~tet'us costatus Sowerby. The identi­

fication of American forms with Sower by's species has often been made with protests 

and reservations on the part of authors~ and in most cases can be justified only by 

allowing very broad specific limits to the European form. Meeka clearly doubts 

the correctness of his identification of. Nebraska specimens, and quotes Davidson to 

the effect that the American forms referred to P. costatus are in fact more closely 

allied toP. semiretimtlat~ts. With this I am ready to concur, and the widely distrib­

uted shell identifi-ed with that species as a variety in Colorado is perhaps more 

nearly in agreement with P. costatns, a!S identified by American paleontologists, than 

with the form commonly referred to P. semireticulatus. P. portlock'/anus comes 

closer to true P. costatus than the form which gave rise to the comments of Meek 

just mentioned, but I think it can not be strictly referred to Sowerby's species. 

I therefore propose to revive Norwood and Pratten's name for the form. 
Locality and lwrizon.----'-Dolores River region, Sinbads Valley (station. 2285); 

top of the Hermosa formation. / 

PRO DUCTUS sp. ·b. 

Pl. III, figs. 9-9b, 10, 11. 

This form has been found at but two localities. Eight specimens from a station 

in the San Juan region, and a few poorly preserved and doubtf~lly determined 

examples from another in the LeadvHle region, constitute all the available material, 

which is insufficient to disclose completely the specific characters of the type to which 

it belongs. For this reason and because in Hhape and other general characters it 

resen1bles a group of Producti already sufficiently described, viz, P. semireticulat~l8 
var herrnosan~ts, P. injlatus~ P. ga.llatinens1:s, and Marginifera, no formal description 

will here be given. 

Productus sp. b most resembles, perhaps, the Colorado form of P. injlatus. It 
is distinguished by it::; smaller sipe, being only about 30 mm. across the hinge line, 

and by the fact that the ventral valve is narrower and more rounded, and without 

the mesial sinus which marks the larger shell. The surface ornamentation seems to 

be about the same. Product~tS sp. b resembles the form from Sneedville, Tenn., 

which has also been referred to ~. injlatus . . The latter·, as already noticed, is 
smallet than the Nebraska type of MbChesney~s species and much smaller than the 

Colorado representative. Prod1wtus sp. b, however, has considerably finer strire and 

is without a mesial sinus so far as observed. 

In size and shape dorsal valves ate closely similar to the dorsal valve which I 

have identified as Margin~fera tctsallensis, but the striation is much finer. It also 
resembles P. gallatinensis, but is latger and stancls midway between that species 

and 1). '/1~flctttts. 

aU. S. GeoL S1i rv. Nebraska, 187:o!, pp. 159, 160. 
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The dorsal valve, of which a 'figure is given on l?l. III, fig. 9, in the nodulose 
surface ornamentation. presents a character not found in the species' above mentioned, 
·but this example shows mainly the inner surface of the shell. 

Locality and lwrizon.~San Juan region (station 2214); base of -Hermosa forma-
- . 

tion. Leadville district (station 2259). 

PRODUCTUS CORA d'Orl?igny. 

Pl. IV,. figs. 1-1b, 2-2a, 3-3a, 4-4b. 

1842. Productus cora. D'Orbigny, Voyage dans l' Amerique Meridionale, Pal., p. 55, pJ. 5, figs. 8-10. 

Carboniferous: Above Patapatani, on an island in Lake Titicaca; Yarbichambi. 

1845. Productuslyelli. De Verneuil, Lyell's Travels in North America, vol. 2, p. 221. 

Mountain limestone: Windsor, Horton Bluff, Shubenacadie, Gays River, Debert River, Mjnudie, 

and Cape Breton .. 

1847. Productus cora: De Koninck, Soc. Roy. d. Sci. Liege, Mem., vol. 4, p. 148, pl. 4, fig. 4, a, b; 

pl. 5, fig. 2, a, b, c, d. 

Lower Carboniferous limestone of Vise, of Chokier, and of Ratingen; in the shales of the 

median etage near Tournay, and in the Upper Carboniferous slates of Epinoy near Binche 

(Hainaut); banks of the Missouri; Kendal, ·westmoreland; Lowick; Yorkshire; Derbyshire; 

Ireland; banks of the Wilji, an affluent of the Taroussa; on the banks of the Louja in the 

district of Medynsk, province of Kalouga; beyond Cosatchi:-Datchi on the eastern side of the 

Urals, near Sterlitam~ck, between Perm and Serebriansk; on the west side of the same chain 

from Kachira on the Oka, and from Unja near Kosimof; Flint Ridge, Zanesville, Guernsey 

County (Ohio); between New Harmony and Mount Vernon (Indiana); Windsor (Nova Scotia); 

Leavenworth, Ind.; on the Bolivian plateau, above Patapatani; in one of the islands of Lake 

Titicaca, and at Yarbichambi, South America. 

1847. Producta cora. De Koninck, Recherches sur les Animaux Fossiles, pt. 1, p. 50, pl. 4, figs. 4a, b; 

pl. 5, figs. 2a:-d. 
Carboniferous: Guernsey County, F.lint Ridge, and Zanesville, Ohio; between New Harmony 

and Mount Vernon, Ind.; Leavenworth, Ind.; Windsor, Nova Scotia; Bolivia, etc., South 

America. 

1848. Productus martini~ Christy, Letters on Geology, pl. 5, figs. 6, 8, 9. 

[Carboniferous] : Pinckneyville, Ill. 

1848. Productus sp. Christy, Letters on Geology, pl. 5, fig. 1. 

Sandstone above the Black shale, Elk River, Tennessee. 

1852. Productus semireticulatus. Hall, Stansbury's Exped. Great Salt Lake, p. 411, pl. 3, figs. 3, ,)a, b. 

Carboniferous: Near Fort Laramie; and Flat Rock P()int and other places in the neighborhood 

of Great Salt Lake. 

1852. Productus cora. Oweri; Geol. Surv. Wisconsin, Iowa, and · Minnesota, pp. 103, 136, pl. 5, fig. l. 

Carboniferous: Missouri River, below mouth of Little Platte River. 

1852. Productus cora. Roemer, Kreid. von Texas, p. 90. 

Carboniferous: San Saba Valley, Texas. 

1854. Productus cora. Marcy's Ex pl. Red River of Louisiana, p. 176. 

Carboniferous: Washington and Crawford counties, Ark. 
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1854. Productus cora. Norwood and Pratte-q., Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, p. 6. 

(Entire volume appeared in 1855.) I 

Mountain-limestone: Chester, Rosiclare, and Warsaw, Ill.; near Richmond, Mo.; Carrsville, Ky. 

1854. Productus prattmianus. Norwood, Aca~. Nat. Sci. Philadelphia, Jour., (2), vol. 3, p. 17, pl. 1, 

1855. 

1855. 

figs. lOa-d. (Entire volume appeared in 1855.) 

Coal Measures: Crossing of Big Nemahrw River, about 85 miles northwest of St. Joseph, Mo. 

Productus cora. Salter, Belcher's "La~t of the Arctic Voyages," p. 387, pl. 36, fig. 12. 

Carboniferous: Top of Exmouth Island. 

Productuslyelli. Dawson, Acadian Geology, p. 219, fig. g. 

Lower Carboniferous limestone: Nova /scotia. 

1858. Pt·oductus cora. Marcou, Geol. North tmerica, p. 45, pl. 6, figs. 4, 4a. . 

Mountain limestone: Tigeras Canyon of San Antonio; Pecos Village; summit of Sierra de Sandia, 

New Mex;ico. 

1859. Producttts pratteniamts. Meek and Harden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Coal Measures: Indian Creek and Leayenworth, Kans. 

1863. Productus cora. Davidson, Geol. Soc. !London, Quart. Jour., vol. 19, p. 174, pl. 9, figs. 22, 23. 

Lower Carboniferous limestone: Wirdsor, Horton Bluff, Shubenac::tdie,' Gays River, Cape 

B~eton, Pngwash, eastward of Cumberland, Lennox Passage, McKenzie's Mill, at eastern 

extremity of \:Vallace Harbor, etc., ~ova Scotia. 

1866. Producttt8 flemingi. Geinitz, Carb. upd Dyas in Nebraska, p. 52, tab. 4, figs. 1-4. 

jlemingi de Koninck.) 

Upper Coal Measures: Bellevue, Plattsmouth, and Nebraska City, Nebr. 

1866. Productus koninckianup Geinitz, Carb. und Dyas in Nebraska, p. 53, tab. 4, fig. 5. 

koninckianus de V erpeuil. · 

Upper Coal Measures: Nebraska City, Bennett's Mill, Nebr. 

(Not P. 

(Not P. 

1866. Productus calhounianus. Geinitz, Carb. und Dyas in Nebraska, p. 53. (Not P. calhounianus 

Swallow). 

Upper Coal Measures: Diamond Spring, Santa Fe, in Kansas. 

1866. Productus cora. Geinitz, darb. und Dyas in Nebraska, p. 50. 

Carboniferous limestone aud shales: Germany, Belgium, England, Ireland, Spain, Russia, 

North America, Bolivia, etc. Belleview, Plattsmouth, Nebr. 

1868. Productus cora. Dawson, Acadian Geology, p. 297, figs. 98a, b. 

Carboniferous limestone: Windsor, Horton Bluff, Shubenacadie, Gays River, Minudie, Cape 

Breton, Pugwash, east coast of Cumberland, Lennox Passage, McKenzie's Mill, Wallace 

Harbor, etc., Nova Scotia. 

1869. Productus cf. cora. Toula, Sitzb. der Kais. Akad. der -Wissensch, Wien, 1 Abth., vol. 59, 

p. 441. 

Carboniferous lin1estone: 10 miles from Cochabamba, Bolivia. 

1872. Productus prattenianus. Meek, U.S. Geol. Surv. Nebraska, p. 163, pl. 2, figs. 5a-c; pl. 5, fig. 13; 

pl. 8, figs. lOa, b. 

Upper Coal Measures: Nebraska City, Bennetts Mill, Cedar Bluff, Plattsmouth, Bellevue, and 

Omaha, Nebr.; Kansas, Iowa, Illinois. 

Lower Coal Measures: Illinois. 

1874. Productus cora (?). Derby, Cornell Univ., (Science) Bull., vol. 1, No.2, p. 49, pl. 2, fig. 17; 

pl. 6, fig. 17. 

Coal Measures: Itaituba and Barreirinha, Brazil. 
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1875. Productus ptattenianus (pars). White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, 

p. 113, pl. 7, figs. la-c. (Entire volume published in 1877.) 

Carboniferous: Near Sante Fe and Zand,ia Mountains, New Mexico; Piloncillo Range near 

Gavilan Peak, and at the confluence of White Mountain and Black rivers, Arizona; Egan 

Range, 35 miles south of Egan Pass; Fossil Hill, White Pine County; Robert's Cr~ek Range, 

Lander County, and top of Grass Mountain, Ely Range, 35 miles north of Pioche, Nev.; 

near Beckwith Spring, Cedar Range; near top of Mount Nebo; and west face of Oquirrh 

Range, Utah. 

1876. Prodv.ctus prattenianus. White, Powell's Rept. Geol.. Uinta Monntains, p. 90. 

Lower Aubrey group: Confluence of Grand and Green rivers, Utah. 

1876. Productus cora. Derby, Mus. Comp. Zool., Bull., vol. 3, p. 281. 

Coal Measures: Yampopata. 

1877. Prodv,ctus prattenianu.s. Meek, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 72, pl. 7, fig. 7. 

Carboniferous: Fossil Hill, White Pine district; Railroad Canyon, Diamond Mountains, Nevada. 

1878. Productus cora. Dawson, Acadian Geology, 3d edition, p. 297, fig: 98. 

Carboniferous limestone: Windsor, Horton Bluff, Shubenacadie, Gays River, Minudie, and Cape 

Breton, Nova Scotfa; Pugwash, on the eastern coast of Cumberland; Lennox Passage; 

M'Kenzie's Mill, at .eastern extremity of Wallace Harbor, etc. 

1884. Productus cora. White, Geol. Surv. Indiana, 13th Rept., p. 126, pl. 26, figs, 1-3. 

Coal Measures: - Fountain, Vermilion, Parke, Montgomery, Clay,. Owen, Pike, Dubois, and 

Warrick counties, Ind. 

1884. Productus cora. Waagen, Palreontologia Indica, ser. 13, vol. 1, p. 677, pl. 66, fig. 3; pl. 67, 

figs. I, 2. 

Productus limestone: Katta, O~arkheyl, Shekh Budin, and Jabi, India. 

1886. P1·oductus cora. · Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. 1885, p. 452; p. 440; figs. 1, 1a. 

Mill Creek limestone. 

Upper Coal Measures: Wilkesbarre, Pa. 

1886. Productus cora. Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, p; 268, figs. 1, la. 

Mill Creek limestone. 

Upper·Coal Measures: Wilkesbarre, Pa. 

1887. Productus cora. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, .p. 47, pl. 2, fig. 26. 

Coal Measures: Flint Ridge, Ohio. 

1888. Productus cora. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 227. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Productus cora. Keyes, Missouri Geol. Surv., vol. 5, p. 47, pl. 37, figs.2a-c. (Date of il).lprint 

1894.) 

Coa!'Measure~ : Calhoun and Kansas City, Mo. 

1896. Productus cora. Smith, Am. Phil. Soc., Proc., vol. 35, p. 238. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 
? Archimedes limestone: Independence County, Ark. 
? Marshall shale: Independence and Stone counties, Ark. 

? Fayet~ville shale: Independence County, Ark. 

1896. ? Productus cora. Smith, Leland Stanford Junior University Pub., Cont. Biol. Hopkins Seaside 

Lab., No.9, p. 28. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 
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? Archimedes limestone: Independence County, Ark. · 

? Marshall shale : Independence and Stone counties, Ark. 

? Fayetteville shale: Independence County, Ark. 

1900. Productus cora. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 75, pl. 11, figs. 1-lf. 

367 

Up~er Coaf Measures: Kansas City, Eudora, Lawrence, Lecompton, Topeka, Geary County, 

Melvern, Osage County. 

The shells which I have referred to this species vary much in size, but agree in 
being finely, often fiexuously, striate, with occasional large spines projecting at right 
angles from the ~mrface. There are from 15 to 18 or more strire in the space of 10 
millimeters. The hinge line is nearly as wide as any portion of the shell in front, the 
ears large, quadrate, and marked by coarse wrinkles, which are sometimes continued 
more or less strongly ·over the visceral portion of the valves. This is especially the 
case in the dorsal valve. 

The largest example noted must have had a transverse diameter of nearly 65 milli­
meters with a length of nearly 80 millimeters. An average specimen of the larger 
sort would measure about 45 millimeters across. 

This is the form to which Norwood in 1854 gave the name Productus prattenianus. 
These shells differ materially from d'Orbigny's figures of Productus cora, but it is 
almost certain that his figures are altogether misleading, and the resume of the 

matter given by W aagen is a very plausible argument for considering that the South 

American form is the same as that for which Prod1.tct?~s pratteniantts was proposed. 
It has therefore been found necessary to. employ the earlier published but less 

perfectly defined term. 
Productus cora is rare in the Rico formation. Four localities have furnished 

each a specimen. So far as the collections at hand indicate, the form which is found 

in the Rico does not differ materially from that occurring· in the lower formation. 
Locality and lwrizon.--San Juan region (stations 2196, 2196a, 2200, 2204, 2205, 

2208, 2209, 2210, 2213, 2216, 2219, 2221 ~, 2222, 2233, 2239, 2248, 2331, 2332, 2334, 
2335, 2340, 2341, 2342, 2344); abundant in the lower, middle, and upper portions of 

the Hermosa formation, rarer in the Rico formation . Crested Butte district (sta~ions 
2300, 2302, 2306, 2313, 2317); Yveber limestone and Maroon formation. Leadville 

district (stations 2254, 2257, 2259, 2268, 2270~, ~271, 2275~ 2281); _ lo~er and upper 
portion of the Weber formation, and base of the Nlaroon formation ( ~). Ouray 
(stations 2194, 2195a); Hermosa formation. 

PRODUCTUS PERTENUIS Nleek ~ 

1866. P1·odt~ctus cancrini. Geinitz, Carb. und Dyas in Nebraska, p. 54, tab. 4, fig. 6. (Not P. cancrini 
de Verneuil, 1843.) 

Upper Coal Measures: Nebraska City, Nebr. 

1872. Productus pertenuis. Meek, U.S. Geol. Surv. Nebraska, p~ 164, pl. 1, figs. 14a-c; pl. 8, figs. 9a-d. 
Upper Coal Measures: Nebraska City and Brownville, Nebr.; Grasshopper Creek, 12 miles west 

of Leavenworth and Atchison, Kans. 
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1898. Productus pertenuis. Drake, Am. Phil. Soc., Proc., vql. 36, p. 404, pl. 9, figs. 8-10. Reprinted 

withoutchangeof date, page, etc., in Leland Stanford Junior Univ. Pub.; Cont. Biol. Hopkins 

Seaside Lab., No. 14. 

Lower Coal Measures: 4 miles north of Vinita. 
Upper Coal Measures: Cavinol group: McClellan ford on the Verdigris River. Poteau Group: 

6 miles west of South Canadian. 

· Permian division: Upper bed of sandstone, 4 miles west of McDermitt; Pawhuska sandstone, 5 

miles west of Cushing. 

Lower C~rboniferous limestone (Boston group) (St. Louis-Chester): 5 miles southeast of Adair. 

1900. Productus pertenuis. Beede, Univ. Geol. Surv. Kansas, R~pt:, vol. 6, p. 83, pl. 9, figs. 5-5c. 

Upper Qoal Measures: Kansas City, Eudora, Lawrence, Lecompton, Topeka, Kans. 

This species is very rare in the collections examined. Comparison has been 
made with the type, and the identification here noted is probably correct, so far as 
can be determined from a single not too perfect specimen. 

Locality and lwrizon.-San Juan region (station 2224?); middle portion of the 
Hermosa formation. 

PRODUCTU8 PUNCTATUS Martin .. 

1809. Anomites puncta.tus; Martin,Petrf. Derb., p. 8, pi. 37, :fig. 6. 

1836. Productus punctatu..~? Morton, Am. Jour. Sci., (1), vol. 29, p. 153, pl. 26, :fig. 38. 

Coal Measures: Ohio Valley. 

1838. Productus semipunctata. Shepard, Am. Jour. Sci., (1), vol. 34, p. 153, fig. 9. 

Limestone: Peru, Ill. 

1847. Productus punctatus. De Koninck, Monog. du Gen. Prod. et Chon., p. 123, pl. 12, :figs. 2a-k. 

Carboniferous: ~anesville, Ohio; Eddyville and Louisville, Ky. 

1854. Productus punctatm. Shumard, Marcy's Expl. Red River of Louisiana, p. 175, pl. 1, fig. 5; pl. 2, 
:fig. '1. 

Carboniferous : Washington County, Ark. 

1854. Product·us punctatus. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, p. 19. 

(Entire volume published in 1855.) 

Mountain limeston~: Warsaw, Ill, 

Coal Measures: 12 miles northwest of Richmond, Mo.; near Caseyville, -Ill. 

1858. Productus punctatus. Marcou, Geol. North America, p. 48, pl. 6, fig. 2. 

Mountain limestone: Tigeras, Pecos Village, and in the Sierra de Mogoyon, New Mexico. 

1860. Productu8 tubulospin~~8. McChesney, Desc. New Spec. Pal. Foss., p. 37. 

Coal Measures: Western States. 

1865. Productus tubulospinus. McChesney, Illustrations New Spec. Foss., pl. 1, figs. 10, 11. 

1866. Productus punctatus. Geinitz, Carb: und Dyas in Nebraska, p. 55 .. 

Carboniferous limestone: Bellevue·and Plattsmouth, Nebr. 

1868. Productuspunctatus. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 27, pl. I, figs. 10, 11. 

Upper and Lower Coal Measures: Throughout the Western States. 

1872. Produ.ctus punctatus. Meek, U. S. Geol. Surv. Nebraska, p. 169, p1. 2, fig. 6; pl. 4, fig. 5. 

Upper Coal Measures: Nebraska City, Bennetts Mill, Wyoming, Rock Bluff, Plattsmouth, and 

Bellevue, Nebr.; Illinois; Iowa; Missouri. 

Lower Coal Measures: Missouri; Iowa; Illinois. 

Lower Carboniferous: Missouri; Iowa; Illinois. 
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1873. Productus punctatus. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 569, pl. 25, fig. 13. 

Upper and Lower Coal Measures: Illinois. 

1875. P1·oductus punctatus. White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 114, pl. 7, 

figs. 2a-c. (Entire volume published in 1877.) 

Carboniferous: At and near top of Grass Mountain, Ely Range, 35 miles north of Pioche, Nev. 

1876. Productus punctatus. White, Powell' s Rept. Geol. Uinta Mountains, P~ 89. 

Lower Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1878. Productus sp. allied toP. punctatus. Etheridge, Geol. Soc. London, Quart~ Jour., vol. 34, p. 630. 

Carboniferous: Feilden Isthmus, latitude 82° 431• 

1882. Productus punctatus. White, Geol. Surv. Indiana, 11th Rept., p. 373, pl. 42, ~gs. 1-3. 

Coal Measures: Newport, Ind. 

1883. Productus punctatus. Hall, H.e.pt. New York State Geol. for 1882, pl. (19) 50, figs. 14-16. 

~883. Productus rogersi. Hall, Rept. New York State Geol. for 1882, pl. (19) 50, :figs. 17, 18. 

Coal Measures. 

1884. Productus punctatus. White, Geol. Surv. Indiana, 13th Rept., p. 124, pl. 27, figs. l-3. 

Coal Measures: Vermilion, Vigo, Sullivan, Vanderberg, Dubois, Warrick, and Pike counties, Ind. 

1887. Productus P"!'nctatus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 48, pl. 2, :fig. 29. 

Coal Measures: Flint Ridge, Ohio. 

1892. Productus punctatus. Hall arid Clarke, Int. Study of Brach., pt. 1, pl. 22, :figs. 9, 10. 

Coal Measures: Mississippi Valley. 

1892. Productus punctatus. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 17 A, :fig. 21; pl. 19, figs. 

14-18. 

Upper Coal Measures: Near Kansas City, Mo.; Missouri. 

1895. Productus punctatus. Keyes, Missouri Geol. Surv., vol. 5, p. 51. pl. 37, :figs. la-c. (Date of 

imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1896. Product'u,s punctatus. Smith, Am. Phil. Soc., rroc., vol. 35, p. 239, pl. 22; fig. 7. 

Lower Coal Measures: Conway County, Ark. 

Lower Carboniferous: Several localities in Arkansas. 

1900. Productus punctatus. Beede, Univ. Geol. Surv. Kansas, Rept. , vol. 6, p. 87, pl. 10, figB. 3-3c; 

pl. 11, fig. 3. 

Upper Coal Measures: Kansas City, Turner, Lawrence, Lecompton, Topeka, Moline. 

1896. PToductus punctatt~s. Smith, Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside 

Lab., No. 9, p. ~9, pl. 22, :fig. 7. 

Lower Coal Measures: Conway County, Ark. 

Lower Carboniferous: Several localities in Arkansas. 

The collections examined indicate that this is a rather rr-re fossil in the Colorado 
Carboniferous. The identification at station 2221 in the San Juan region is doubtful 
on account of the poor character of the material, a single very small, exfoliated 

specimen. 
Locality and lwrizon.-San Juan region (statjons 2204, 2241, 2334, ·2335); middle 

and upper portion of the Hermosa formation. 
14364--~o . 16-03----24 
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~ 

1852. 

1854. 

PRODUCTUS NEBRASKENSIS Owen. 

Pl. V, :figs. 1, 2, 2a. 

Productus nebrascemis. Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, p. 584, pl. 5, :fig. 3. 

Carboniferous limestone: Bellevue, Missouri River, Nebr. 
Productus 'f'ogersi. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, p. 9, 

pl. 1, :figs. 3a-c. (Whole volume appeared in 1855.) 

Coal Measures: Near Huntsville, Mo. 
1854. Productus nebrascensis. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, 

p. 21. (Whole volume appeared in 1855.) 

Coal Measures: Crossing·of Big Nemaha, Nebraska Territory. 

1856. Productus rogersi. Hall, Pacific Railroad Rept., vol. 3, p. 104, pl. 2, :figs. 14, 15~ 

Carboniferous limestone: Pecos Village, N. Mex. 

1859. Productus rogersi. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. 

Upper Coal Measures: Kansas River Valley, below mouth of Blue River, Kansas. 

1860; Productus asperus. McChesney, Desc. New Spec. Pal. Foss., p. 34. 

Coal Measures: Lasalle and Springfield, Ill. 

1861. Productus rogersi. Newberry, Ives's Colorado River Expl. Exped., p. 121. 

Coal Measures: Pecos Village and Kansas. 

1865. Productus asper. McChesney, Illustrations New Spec. Foss., pl. 1, :figs. 7 a-b. 

1866. Strophalosia horrescens. Geinitz, Carb. und Dyas in Nebraska, p. 49. (Not S. horrescens of 

Murchison, Verneuil, and Kayser.) 

Coal Measures: Bellevue, Plattsmouth, Nebraska City, and Bennett's Mill, Nebr. 

1868. Productus nebrascensis. McChesney, Chicago Acad. Sci.: Trans., vol. 1, p. 24, pl. 1, :figs. 7a-b. 
Coal Measures: Lasalle and Springfield, Ill. 

1872. Productus nebrascemis. Meek, U. S. Geol. Surv. Nebraska, p. 165, pl. 2, :fig. 2; pl. 4, :fig. 6; pl. 

5, :figs. lla-c. 
I 

Upper Coal Measures: Nebraska City, Wyoming, Bennett's Mill, Rock Bluff, Plattsmouth, 

Bellevue, and Omaha, Nebr. 

1873. Productusnebrascensis. Meeka~d Worthen, Geol. Surv. Illinois, Rept.,vol. 5, p. 569, pl. 25, :fig. 8. 

Coal Measures: Sangamon and Lasalle counties, Ill. 

1875. Productus nebrascensis. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 116, 

pl. 8, :figs. 3a-d. (Whole volume published in 1877.) 

Carboniferous: Camp Apache and Carrizo Creek, Maricopa County, Ariz.;. Rubyville, Schell 

Creek Range, · and top of Grass Mountain, Ely Range, Nevada; Meadow Creek, south of 

Fillmore, Utah. 

1876. Productus nebrascensis. White, Powell's Rept. Geol. Uinta Mountai:o.s, p. 90. 

Lower Aubrey group: Confluence of Grand and Green rivers. 

1877. ProductuiJ nebrascensis. Meek, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 65. 

1883. Productus aspersus. Hall, Rept. New York State Geol. for 1882, pl. (19) 50, :figs. 5-7. 

Coal Measures: Lasalle, Ill. 

1884. Productus nebrascensis. White, Geol. Surv. Indiana, 13th Rept., p. 122, pl. 24, :figs. 7-9. 

Coal Measures: Fountain, Vermilion, Parke, and Vigo counties, Ind. 
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1886. Productus nebrascensisf Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 453, 

:fig. 4c; p. 440, :figs. 4-4b. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Productus nebrascensisf Heilprin, Proc. and CoiL Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, 

p. 268, figs. 4, 4b. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Productus nebrascensis. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 49, pl. 2, fig. 30. 

Coal Measures: Flint Ridge, Ohio. 

1892. Productus neb1·ascensis. Hall and Clarke, Int. Study of Brach., pt. 1, pl. 22, fig. 7. 

. Coal Measures: Lasalle, Ill. 

1892. Productus nebrascensis. Hall and Clarke, Pal. New York, vol. 8, pt. 1, pl. 19, figs. 5-7. 

Coal Measures: Lasalle, Ill. 

1895. Productus nebrascensis. Keyes, Missouri Geol. Surv., vol. 5, p. 48, pl. 37, figs. 3a-c. (Date of 

imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Productus nebrascensis. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 84, pl. 9, :figs. 7-7f. 

Upper Coal Measures: Kansas City, Turner, Eudo1a, Lawrence, J.,ecompton, Topeka, Man­

hattan, and Grand Summit, Kans. 

In our collections the representation of this species is practically eonfined to the 
Durango quadrangle and to the Leadville distriet. In these two areas it has been 
found at a number of localities, and seems to be fairly abundant, though it is not 
often well preserved, owing to the charaete~· of its surface or~amentation. Because 
of the eireumstanee last mentioned, some of the identifications may possibly represent 
specific affinity, rather than strict specific identify. 

Herrick identifies with Prod;uctus nebraskensis certain shells from the Waverly 
group in Licking County, Ohio. a His :figures represent at least two and possibly 
three speeies, none of which is closely related toP. nebraskensis. The large form 
shown on his pl. 1 is, I believe, a species which is rather abundant at Sciotoville, 
Ohio. Meek described and figured it as Prod!uctus sp.b Winchell probably referred 
to it as Producttts cooperensis ?. c It is related to Prod!uctus blavri, but is probably 
new. The name Productus winchelli is here proposed for it. 

The small form figured by Herriek on pl. 3 as P1·oductus nebraskensis seems to 
belong to the sernireticulatus type, and is possibly related to P. wortheni. 

Locality and lwrizon.-San -~Juan region (stations 2200, 2204, 2205, 2207, 2209, 
2210, 2213, 2215, 2239, 2240, 2248 ?, 2333); lower, middle, and upper portions of the 
Hermosa formation , and in the Rico formation. Leadville district (stations 2254 ?, 
2267, 2268, 2271, 2281); base of the Weber formation . Ouray (station 2195b); Her­
mosa formation. 

aSci. Lab. Denison Univ. , Bull., vol. 3, 1888, p. 31, pl. 1, fig. 24; pl. 3, figs. 25 (?), 25a. 

bGeol. Surv. Ohio, Rept. , vol. 2, pt. 2, 1875, p. 282, pl. 10, figs. 4a-4c. 

c Am. Phil. Soc., Proc., vol. 12, 1870, p. 249. 
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PRoDUCTUS sp. a. 

Pl. V, fig. 3. 

This species has a very scanty representation among our collect:lons, four frag­
mentary specimens from three localities in the San Juan region, being all the material 
that has so far come to hand. The shape of the ventral valve appears to b~ not 
unlike that of P. semireticulatus var. lMrmosanus, but the beak is as a rule more 
tapering. There is a more or less distinct sinus . . The posterior pottion is crossed 
by rather faint, irregular wrinkles. The strire are sharp but nodulose, and some­
what discontinuous, especially about the ears. They thus present a wavy, irregular 
appearance. The nodu'les formed in many cases the bases of small spines. 

The dorsal valve is more regular and finely reticulated, the spaces between the 

strire and wrinkles forming little pits. 
At one time I was disposed to place this :form with that which Marcou identified 

as P. pyxidatus de Koninck, but this course seems hardly prudent in view of his 
rather meager, poor, and conflicting figures and description. 

There can be no doubt that his identification .with de Koninck's spec!es, if his 
figures even approach accuracy, is altogether incorrect. 

Locality a;nd horizon.-San Juan region (stations 2208, 2328, 2335); middle and 
upper portions of the Hermosa formation. 

MARGINIFERA Waagen, 1884. 

MARGINIFERA LASALLENSIS Worthen~. 

Pl. V, figs. 4-4a. 

1873. Productus lasallensis. Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 569, pl. 25, fig. 9. 

Upper Coal Measures: Lasalle, Ill. 

18~2. Productus ( Marginijera) lasallensis. Hall and Clarke, Int. Study of Brach., pt. 1, pl. 22, 

fig. 15. 

Upper Carboniferous: Lasalle, Ill. 

1892. Productus ( Marginijera) lasallensis. Hall and -Clarke, Pal. New York, vol. 8, pt. 1, pl. 17 A, 

fig. 13. 

Upper Carboniferous: Lasalle, Ill. 

The form which I have referred toW orthen's species is represented by one good 
dorsal valve and by fragments of three ventrals. The latter are almost too poor to 
serve for description or as a guide in iden.tifying the species, but the dorsal seems 
to be identical in its diagnostic characters with the corresponding valve of P. 
lasallensis. 

Viewed from its convex or inner side this specimen may be described as follows: 
In shape it is transversely semielliptical, hinge line about 28 mm. long, ears quad­
rate, defined by two shallow radiating grooves. There is a distinct, though not very 
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strong, mesial depression. The visceral area is but slightly convex. After attain­
ing a length of about 15 mm. the shell assumed a strong downward growth, so that 
the peripheral portion lies almost perpendicular to the plane of the visceral area. 
The surface is crossed by rather coarse radiating strire, 10 or 12 in the space of 10 
mm., and the entire visceral portion is traversed by fine concentric wrinkles. 

In size the shell corresponds to Productu8 sp. b, but is much more coarsely 
striate. It resembles in striation as well as shape both P. semireticulatus var. l~e1'·· 

mosanus and Marqinifera muricata, but is much smaller than the one and much larger 
than the other. 

We have two authentic specimens of .11£. lasallens,£s from Lasalle, Ill., with which 
collections from Pawnee City, Nebr., Fort Scott, Kans. , and Graham, Young County, 
Tex., agree in every way. The collections from Kansas, Nebraska, and Texas I do 
not hesitate to refer to the same species as the shell from Illinois which Worthen 
has identified as M. lasallensis. These specimens, however, do not agree with 
Worthen's figures and description in several particulars. He states that .11£. lasallen­
sis is without concentric wrinkles over the posterior portion of the shell, a character 
which all these specimens possess in some degree, and which is usually well marked. 
Furthermore, he has restored his fragmentary specimen in such a manner as to make 
a larger shell than any seen hy me, and to give it a very alate shape, while the hinge 
line of the specimens I have studied is but little extended. 

The Colorado examples present a close superficial agreement with this, as I 
regard it, characteristic material, but the true P1·oductus lasallensis clearly · belongs 
to Waagen's genus Marqinifera, while I doubt if my material does. Still, the latter 
is too imperfect to permit me to satisfy myself upon this point. Were it not for 
this important difference I would refer the Colorado specimens without hesitation to 
Worthen's species, so close is their general agreement. 

Locality and lwrizon.-Crested Butte district (station 2316 ?); Weber lirr..estone. 

MARGINIFERA MURICATA Norwood and Pratten. 

Pl. V, figs. 5, 5b, 6, 6b, 7. 

? 1S52. Productusjlem'ingii. Roemer (non de Koninck), Kried. von Texas, p. S9, pl. 11, figs. Sa, b. 

Carboniferous: San Saba Valley, Texas. 

1S55. Productus muricatus. Norwood and Pratten,, Acad. Nat. Sci. Philadelphia, Jour. , (2),_ vol. 3, 

p. 14, pl. 1, figs. Sa-e. (Not P . mur1~catus Phillips.) 

Coal Measures : Fishhook Creek, Pike County, Ill.; 6 miles northwest of Richmond, Mo. 

1857. Productus muricatus. Cox, Geol. Surv. Kentucky, Rept., vol. 3, p. 573, pl. 9, fig. 6. 

Coal Measures: Union Count)", Ill.; Lflwisport, Hancock County, Ky.; Gallatin County, Ill. 

1876. Productus muricatus. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey group: Near Echo Park, Utah. 

1S77. Productus muricatus. White, U. S. Geog. Geol. Snrv. W. lOOth Mer., Rept., vol. 4, p. 120, pl. S, 

figs. 4a-c. 

Carboniferou~: Rock Creek, Lake County, Colo. 
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1887. Productus muricatus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 49. 

Coal Measures: Flint Ridge,' Ohio. 

1888. Productus muricatus. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 228. 

Lower Coal Measures: Des Moines, Iowa. 

1900. Productus longispinu.~. Knight, Univ. Wyoming, Wyoming Exp. Sta., Bull. No. 45, pl. 3, fig. 10. 

The form which, in Colorado, I have identified with Harginifera muricata, may 

be described as follows: 

Shell 'rather small, semicircular. Ears small, quadrate, and not prolonged. 

Hinge line about equal to the greatest width. Curvature m~derate, not so g~·eat as 

in M. splendens. Surface marked by concentric nodose wrinkles~ strongest on the 

ears, and by coarse, somewhat nodose strire, which number about 25 on a medirim­

sjzed shell. It is entirely covered at short intervals by small spines springing from 

the ribs. The transverse diameter is usually from 16 to 19 mm. 

The dorsal valve is semicircular in shape with quadrate ears. The latter are 

upturned, when looking at the interim• of the valve, and defined by two ascending 

and diverging ridges. The shell is nearly :flat over the visceral portion, but a 

geniculation occurs about 10 mm. from the beak. 

The shells agree closely with what I consider typical M. muricata from the 

Mississippi Valley, but with this exception, that while specimens of the latter are 

(so far as my experience goes) nearly uniform as regarqs the size of the strire, those 

from Colorado vary from a degree of finene~s comparable with the latter to consid­

erably coarser. The Colorado form is also somewhat more strongly arched. I have 

considered the advisability of distinguishing these coarse occidental shells by a varietal 

name, but as they occur in immediate association with the typica1 form into which , 

they merge by insensible gradations, it seemed sufficient merely to call attention to 

,the circumstance in an informal manner. 

In addition to variation in the matter of striation, which bas already been 

referred to as occurring among these shells, variation, often of local occurrence and 

appearing in most of the specimens from a station, has been noticed in size, abund­

ance of spines, and other matters. 

It is possible that imperfectly preserved material may have given rise to misap~ 
prehension as to the degree of variatiop in some particulars, as, for example, the 

abundance of spines, but, on the other band, it may be that with more perfect 

material I .would have felt justified· in discriminating subdivisions among the fossil~ 

here assembled into a single group. 

Schucherta retains Norwood and Pratten's name for this species, because Productus 
muricatus Phillips, which has priority, is. reg:uded by many as a synonym for P. 
costatus Sower by. This course violates the rule, once a synonym always a synonym, 

and can scarcely be allowed, but Norwood and Pratten's name will still hold if 
W aagen's genus Hargin~fera, of which it is a representative, be accorded generic 

aU. S. Geol. Surv., Bull. No. 87, 1897, p . 327 (P. rnuricatus). 



DESCRIPTIONS OF SPECIES. 

standing. Hall and Clarkea rather discredit the significance of the characters upon 
which .Marginifera is founded, an? if their view is correct, a new name will have to 
be sought for this species. 

I have tentatively added to the usual synonomy Roemer's identification with 
P. jlemingi of a shell from Texas. The figures of the Texan form are certainly 
suggestive of Norwood and Pratten's species. 

Locality and horizon.-San Juan region (station 2196a); Hermosa formation .. 
Crested Butte distriet (stations 2244, 2245, 2280, 2292, 2297, 2316, 2318); Weber 
limestone and Maroon formation. Grand River region (station 2324), Glenwood 
Springs (station 2326). 

MARGINIFERA WABASHENSIS Norwood and Pratten var. 

Pl. V, figs. 8, 8a. 

1854. Productus wabashensis. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol: 3, 

p. 13, pl. 1, figs. 6a-d. (Imprint of whole volume, 1855.) 

Coal Measures: Near New Harmony, Ind. 

I have experienced great difficulty in reaching a decision satisfactory to myself 
in regard to the forms belonging to the group for which w aagen proposed the name 
Marginifera, not only in the matter of discriminating species, but in determining the 
name which should be employed for them. 

In 1854 Norwood and Pratten described three species of Producttts belonging 
to this group whose mutual specific relations are very close. They were given the 
names P. muricatus, P. splendens, and P. 1.oabashensis. 

Meek b places all three species in the synonymy o~ P. longispinus Sower by, fol­
lowing Davidson's judgment in this, though, it is apparent, doing violence to his own, 
at least in the ease of P. 1nwricatus. W aagen c recognizes P. wabashensis and 
P. splendens as independent species, each of them valid and distinct from P. 
longispinus. Frech d regards P. wabashensis and P. splenden8 as identical, but as 
certainly distinct from Sowerby's species. 

There can, I think, be no doubt but that P. muricatus is distinct not only from 
P. splendens and P. wabashensis, but from P. longispinus. P. splendens and 
P. wabashensis are much more closely akin to each other than is either of them to 
P. muricatus/ nor can there be much doubt that they also are distine.t from P. longi­
spinus. Although Sowerby e described his species as "indented in the middle," and 
though Davidsonf included under P. longispin1t8 shells which are both evenly convex 

11Pal. New York, vol. 8, pt. 1, 1892, p. 331. 

bU. S. Geol. Surv., Nebraska, 1872, p. 161. 

c Geol. Surv. India, Mem. Pal. Ind., 13th series, vol. 1, 1887, p. 715. 

d Letb~a Geognostica, 1. theil, 2. band, 2. lieferung, 1899, desc. pl. 47c, fig.14. 

e Min. Conch., vol. 1, 1814, p. 1M . 

.f Pal. Soc., Mon. British Carb. Brach. , pt. 5, 1857, p. 145, pl. 35, figs. 5-17. 
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and divided by a sinus, neither Sower by's nor Davidson's figures of the type specimen 
show a sinus. Their figures as well as their descriptions indicate that the hinge line · 
is no wider than the body of the shell. The ventral valve seems not to have been 
very highly arched, to judge by the figures, though Sower by says that the "reflexed 
margin is entirely lost, etc." The ribs are not mentioned in the original description 
nor represe~ted in the figures, ' but Davidson's figure shows' them to be as prominent 
as in the average specimen. They vary from 30 to 50 in number, according ,to this 
author. Norwood and Pratten mention 30 as occurring in P. splendens. They are 
usually more or less obsolete, however, and the sinus is typically ~eep and the ears are 
produced. Frech states that though related to P. long1.'spinus, P. splendens can 
easily be distinguished by . reason of its fainter striation and more strongly expressed 
muscular and visceral markings. W aagen finds that typical specimens of P. long1:- · 
spin.us are practically entirely without the internal ridges characteristic of Margini­
fera, and according to his view, therefore, P. longispinus and P. splendens would be 
found in different genera even. At all events it will be safe to conclude that they 
are specifically distinct. 

Another species whose relationship with P. splendens is certainly close, and 
whose name, in case of identity proved, would supersede that proposed by Norwood 
and Pratten, is P. capacii d'Orbigny. W aagen expresses the opinion that this species 
is distinct from P. splendens, and with this I am content to agree, although, being 
without specimens with which to make comparisons, a conclusive judgment can not 
be formed. One difference manifest at first sight from the figures is the inflation of 

the posterior portion of d~rbigny's shell by which it is brought to project far 
beyond the hinge line. In this particular P. capacii is close to JJ£arginifera hayden­
ensis described below, which iseertainly distinct from P. splendens. 

Turning n<'>w to the relationship of P. splendens and P. wal;ashensis, one would 
not long hesitate to conclude from Norwood and Pratten's figures that the two 
species are clearly distinct. Meek, however, after examining good specimens of P. 
wabashensis from the original locality, concludes (Joe. cit.) that the figures of that 
species -are quite defective in . representing the costffi, and if one considers the 
difference in proportion shown by the figures of the original reference between the 
dorsal and ventral views of the same specimen, it seems clear that the outline, too, is 
not to be trusted. 

I have before· me some· specimens "from below the coal" at Wabash cut-off, 

New Harmony, Ind., which I suppose can be considered as coming from the original 
locality and as representing the typical phase of P. wabashensis. They show a 
broad, highly arched form, with strong median sinus and slightly extended e!1rs. 
The beak is small and transgresses the hinge line but little. Concentric wrinkles 
are almost wanting; the striffi a;re fine and obsolescPnt, and the surface supports a 
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. few comparatively large scattering spines. This form has a wide distribution in 
the Mississippi Valley, and I have remarked it in Indiana, Illinois, Iowa, Missouri, 
and Kansas. It undergoes many variations in minor particulars, but seems every­
where to retain the same general expression. Many specimens occur in which the 
shape is not alate and the hinge line is no longer than the shell below. It is usually 
difficult to determine whether this is due to breakage or is the natural shape, but in 
some cases it can hardly be accidental. Oftentimes the curvature, instead of being 
regularly arcuate, is angulated,the flattened visceral portions giving onto the lateral 
parts by a sort of geniculation. The two forms occur together at the New Harmony 
locality mentioned above, and are associated at most of the points from which collec­
tions have been obtained. The strire, which are never very strong, sometimes 
become so faint that the shell looks almost smooth. In many cases they are apparent 
over the posterior portion of the shell and become obsolete toward the margin. 
More rarely they are obsolete over the visceral portions of the shell. The sinus is 
often strong, but its variation is considerable. The peculiar submarginal ridges of 
J.1farqinifera are distinct in some specimens, but apparently lacking in others. I 
have not been able to :find them in my material from the type locality. Although 
the shells examined are thus variable, the variation is ~o inconstant that I would not 
feel satisfied to distinguish any of them as separate species. In most cases, how­
ever, it is possible without much difficulty to discriminate between individuq,}s with 
r egular curvature and those which are geniculate. I will provisionally make a 

division of these shells upon this basis, distinguishing the geniculate ones as a variety 
without, however, giving it a name. The other group is of course the typical one. 

In Colorado only the geniculate variety has as yet been found, and it seems to 
be, as a rule, rather rare. My specimens, which are for the most part in not very 
good condition, agree closely with those from the :Mississippi Valley. They add 
nothing to the facts shown by the latter, and deviate only so far as that they are 
generally a little undersized. 

Another feature of these shells which may be worthy of mention is that I have 
observed many ventral valves to be covered externally, sometimes nearly all over, 
but especially on the posterior portion, by a rough superficial deposit, which gives 
them a peculiar scaly appearance. This bas been noticed at several localities in the 
}'lis~issippi Valley. I believe that it is not of mineral origin, but it may be parasitic. 

Of Proibucttts splendens also I have specimens from a number of localities in 
Kansas. They are of a nearly uniform type, one whose characters correspond faith­
fully with those ascribed to P. splendens by Norwood and Pratten. The shell is 
broad, strongly arched, often with the visceral area nearly flat and merging with a 
geniculation into the lateral portions, this character being well shown by Norwood 
and Pratten's :figures. a The sinus is deep, the ears well extended, concentric wrinkles 

a Loc. cit., pl. 1, figs. 5c, 5d. 
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faint, strire almost obsolete, spines few and scattering, development of submarginal 
ridges strong. · 

·From this it will be seen that P. wabashensis, especially that variety of it which 

is characterized by a geniculate curvature, is very similar ind~ed to P. sple~dens, 
for P. splendens was founded upon a geniculate shell, just as P. wabashensis was 
founded upon an arcuate one . . But in the case of P. splendens the variation to an 
arcuate type appears to be less frequent and less pronounced than that in r~ wabash­

ensis to a geniculate one. 

On the whole~ I believe that P. wabashensis, together with its geniculate variety~ 
can be recognized as a distinct species, because of its smaller size, its generally more 

distinct striation, and its less persistent disposition to develop the Marginifera type 
of structure. To many, doubtless, it will seem ·that the · geniculate variety of 

P. wabashensis should not be separated from P. splendens, and to others, recog'­
nizing the near relationship of the former with the type to which the name strictly 

pertains, that the species should lapse to P. splendens as a full synonym. For my 

own part, as far as my experience extends, it would justify the recognition of these 
small shells, with their evanescent marginiferoid characters, as at least a variety 

4istinct from P. splendens. The distinction between the · arcuate·. and geniculate 
phases of P. wabashensis is a minor one and probably not worthy of varietal 
recognition. 

The peculiar beveled condition of the dorsal valve which is present in all these 

forms; but especially in M. splendens, was noticed by Norwood and Pratten and 
shown in their figures. a The formation of this truncated rim is correlated with the 

development of the internal submarginal ridges upon which, chiefly, Waagen founds 
his genus Marginifera. These occur largely on the dorsal valve and on the sides of 
the ventral valve. Where specimens possessing this structure are found weathered 
free, the outer or peripheral portions of the shell are usually broken away, so that 

they have the appearance of being abruptly terminated at this point: A specimen 
of this sort is illustrated by Norwood and Pratten (fig. 5a). Their figure, repre­

senting a sectio~ through the shell, seems to be a constru9tive one, based up~:m the 
abbreviated condition just. mentioned. The dorsal valve, when complete, instead of 
terminating with the beveled portion and leaving the ventral valve to project 

beyond, is, as one would expect, prolonged from the inner margin of the bevel, the 
prolongation conforming with that of the opposite valve and being almost in contact 
with it. 

In Colorado a certain tendency toward localization seems to characterize the 

distribution of shells of this group, a feature which, though it may be somewhat 

influenced by doubtful identifications of poor material, without doubt possesses some 

aLoe. cit., pl. 1, figs. 5b and 5c . 

• 
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reality. It is unusual for two species to be associated in the collection from a single 

station, and even a certain amount of individuality is manifested in the different 
areas represented in ou,r collections. 

The discussion of this species opens with the citation of the original reference 

of Harginifera wabashensis, which is a sort of contradiction, since I do not consider 

the form in hand quite the same as Norwood and Pratten's species. The uncertainty 

. I am under regarding their true relations must explain this action. 

LQcality and horizon. -San tTuan region (stations 2196, 2197·, 2198, 2220, 2323); 

lower and middle portions of the Hermosa formation. Crested Butte district 

(stations 2302, 2303, 2306, 2316); Weber limestone and Maroon formation. 

MARGINIFER~ INGRATA n. sp. 

Pl. V, figs. 12, 12a, 13, 13b. 

?1875. Productuslongispinus. White (non Sowerby), (pars) U.S. Geog. Geol. Surv. W. 100th Mer., 

Rept., vol. 4, p. 118, pl. 8, figs. 5c, d (not figs. 5a, b), (imprint of entire volume 1877). 

Carboniferous: East of Minersville and at Meadow Creek, south of Fillmore, Utah; Camp Cot­

tonwood, Old Mormon road, Lincoln County, Nev.; near Santa Fe, N.Mex. 

? 1877. Productus longispinus. Meek (non Sowerby), U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 78, 

pl. 8, figs. 4, 4a. 

Carboniferous limestone: Fossil Hill, White Pine district, Nevada. 

I am uncertain of the specific relationships of this little shell and of the impor­

tance which should be attached to the characters which I am about to recount. 

Because of the former consideration, I have decided to describe it as a new species, 
and becapse of the latter I do so with some ·misgivings. The form which I shall take 

. as my type is found in great abundance at station 2259 in. the Leadville region, but it 
occurs there only in the condition of casts. It is small, transverse, subrectangular. · 

A transverse diameter of 15 mm. and a longitudinal of 11 mm. is somewhat above the 

average. The eurvature is strong, the ears distinct, large, quadrate, and somewhat 
upturned. The surface is marked by strong, moderately :fine stri::B, about 7 in the 

space of 5 mm., and by fine, regular· concentric wrinkles over the posterior half of the 

shell. The spines are small and rather numerous. Mesial sinus absent. Submar­

ginal ridges persistently well developed. 

This species can be distinguished from M. wabashensis var. by reason of the 

strength of its strire and concentric 'vTinkles, its lack of a mesial sinus~ and its regu­

lar instead of geniculat e curvature. 

FromM. 1nuricata it can be distinguished by being smaller, with larger, more 

distinct ears, iiner striae, and much fewer spines. 

The features mentioned in the description, especially the strong wrinkles and 
stri::B conjoined with the absence of a sjnus are relied on to distinguish this form 

from the other American species. 
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A . form from Little Ella Hill (station 2253) in the Leadville region, which is 

illustrated by figs. 12 and 12a of Pl. V has been placed somewhat doubtfully with 

H. ingrata. It has a faint sinus and is less strongly arched than in the typical var­

iety. Of the latter, the figured specimen shows an indistinct met:dal depression, due 

in part, at least, to compression ~nd fracture, and the concentric wrinkles and radial 

strire are unnaturally faint, because they appear upon an internal cast. It is very 

probable that the . shell from Sante Fe, N. Mex., identified by White as P. longi­
spinus Sow., belo_ngs to the species above described; rather less so the similar form 

from Nevada identified by Meek in the same manner. 

Locality and horizon.-San t.Tuan region (station 2225); middle portion of the 
Hermosa formation. Ouray (station 2195); Hermosa formation. Leadville district 

(stations 2251 ~' 2253, 2259); base of the Weber formation. Crested Butte district 

(stations 2312, 2315); Weber limestone. Grand River region, Glenwood Springs 

(station 2193a). 

MARGINIFERA HAYDENENSIS n. sp. 

Pl. V, figs. 9 to 9c, 10 to iOb, 11 to lla. 

Shell small. Ventral valve strongly curved and inclined backward, so that the 

posterior portion overhangs the hinge line, which is in some examples half way 

between the posterior outline and the front edge of the shell. The posterior portion 

is usually flattened, and the curvature geniculate. The width varies from about 

equal to the leng~h to somewhat greater. The vault of the shell is large. The ears 

are usually small, but sometimes are large; quadrate, upturned. A more or less dis­

tinct mesial sinus is a persistent feature. Surface marked by longitudinal strire, 

which vary from strong to alinost obsolete, and are very irregular. They are wavy, 

sometimes bifurcate or fasciculate, often nearly obsolete over the anterior half of the 

shell. Posterior portion marked by rather regular, faint, concentric wrinkles. 

Spines comparatively large and moderately numerous. 

Dorsal valve much smaller than the ventral, transverse, with flattened, recurved 

ears defined by ridges. Surface_ almost without ornamentation, concentric wrinkles 

being sometimes present,. strire rarely. Submarginal ridges developed often to an 

exaggerated degree. 

Some. examples of this shell . are almost unique in the extent to which the poste­

rior portion overhangs the hinge line, but others are far from displaying this 

peculiarity as well as the specimens :figu..red._ This peculiarity seems to arise from 

the condition of strong fore and aft curvature combined with the late period at which 

the submarginal ridges are initiated. The character above noted allies 1lf. haydenen­
sis with H. capacii d'Orbigny, and indeed, its affinities with that species generally 

are especially close. The strire of the "South American shell are said to be coarse, 

while in this they are certainly fine. 
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M. Aaydenensis in some of its phases resembles JJ£. wabasAensis, especially the 

geniculate variety. One, the least characteristic specimen seen, can not be distin­

guished, ~xcept for size, from geniculate shells belonging to M. wabas.Aensis, but 

average, and certainly well characterized, examples are smaller, less transverse, 

much more inflated, and with stronger submarginal ridges. The Colorado specimens 

referred to JJ£. wabasAensis are all, as I have taken occasion to remark, of the genic­

ulate type, and somewhat smaller than is common in the Mississippi Valley. They 

are extremely similar to JJ£. Aaydenensis when the latter is in its least typical expres­

sion, but they do not assume the characters of typical .1.1!.. Aaydenensis, and probably 

as a rule-certainly in many cases-begin the development of submarginal ridges at a 

much earlier period of their growth. Since the shell preserved in the average speci­

men is terminated by the submarginal ridges, the foi·m referred· to JJ£. wabasAensis 
would be less highly arched and would very much less transgress the hinge line than 

typical M. Aaydenensis. 
Locality.-Grand River region (station 2324), Grand River (station 2325). 

SPIRIFER Sowerby, 1815. 

SPIRIFER BOo"NENSIS Swallow ~. 

Pl. VI, figs. 1-1b, 2, 2a, 3. 

1860. Spirifer boonensis. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 646. 

Lower Coal Measures: Boone, Randolph, and Monroe counties, Mo. 

The Upper Carboniferous spirifers in our collection from Colorado can be 

assembled into three specific groups. One of these belongs to the type usually 

referred to Sp. cameratus Morton. Another is the form for which Marcou proposed 

the name Spir't'f'er rockymontanus, and which Hall almost simultaneously described 

as Sp. opirnus. The third I have referred rather doubtfully to Sp. boonensis Swal­

low. It is distinguished from Sp. rockymontanus by being larger and by having an 

extended hinge line. The largest specimen of Sp. rockymontanWs observed by me 

has a transverse diameter of 26 mm., and the average individual has dimensions 

considerably less. A large specimen of Sp~ boonensis measures 40 mm., though this, 

too, is 8omewhat above the average. 

Sp. boonernsis, or the form which I have referred to that species, is of the irnbrew 
type, transverse, with more or less extended cardinal extremities. Growth in older 

specimens is often by anterior and anterolateral additions, which gives the shell a 

subquadrate shape, but the hinge line remaing characteristically its longest diameter. 

There are 4 to 6 plications on the fold and 3 to 5 on the sinns, with 12 or 13 lateral 

ones. These ar~ crossed by a system of very fine imbricating concentric and radiat­

ing strire, the latter being frequently the mo"re prominent. 

Sp. boonensis is known only from the original description, and it has not been 
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:figured. My identification can not, therefore, be considered conclusive. The Colo­

rado shell agrees with Swallow's description in many particulars, but also presents 

divergencies from it. For instanc~, the hinge line in Sp. boonensiS is said to be 

. longer, shorter, or equal to the greatest width of the shell, but in the specimens 

from Colorado this -dimension is, I believe, always greater than any other. Swallow 

also :finds no signs of longitudinal strire, but these are always minute and faint, and 

might easily have been obliterated in his material. Sp. boonensis, furthermore, 

is described as being below the medium size, which is not true of the Colorado type, 

and as Sp. boonensis is compared by its author to Sp. opimu.s without any discrepancy 

in. this regard being referred to, I judge that the typical material was considerably 

smaller than tpat now in my hands. 

In the comparison alluded to, Sp. boonensis is said to differ from Sp. opimus "in 

the form of the area, the greater number and arrangement of the plications on the 

mesial fold and sinus, and the much greater number on the sides, and I find no signs 

of longitudinal sti·ire." It is probable that the absence of longitudinal strire noted · 

is due to individual peculiarities or to imperfect preservation. ·. Hall describes Sp. 
opimus as having 8 to 10 simple plications, a statement which, as shown by his 

figures, should be modified so as to mean on either side of the fold or sinus. Swallow, 

however, could scarcely have understood it thus and written the words quoted above. 

Discounted in this way the differences pointed out by Swallow langely disappear, 

and one is almost ready to believe with Keyes that Sp. boonensis belongs in the 

synonymy of Sp. opimus Hall=S_p. rockymontanus Marcou. In this Gase the form 

under discussion probably represents an unrecorded species, for I believe that it 

should be distinguished from Sp. rockymontanus, and am acquainted with but one 

other Coal-Measure species which invites comparison. I refer to Sp. organensis, to 

which it seems closely aUied. The latter, however, is larger, with more numerous 

plications both on fold and sinus and on the sides, the lateral ones, moreover, being 

disposed in fascicles of three or four. The last statement, q~oted from Shumard, 

ta~en in connection with the rest of the description, would lead to the suspicion that 

Sp. organen._'lis was a synonym of Sp. cameratus Morton, were it not for the some­

what obscure remark to be met with just beyond, that the strire are not arranged in 
fascicles as in the latter species. 

The affinities of the form which I have provisionally referred to Sp. boonensis, 
with the Waverly species Sp. centronatus, are very close. This is so true that it 
would not be easy· on intrinsic characters to distinguish typical examples of the 

latter species from the Cuyahoga shale of Ohio, from the fossils occurring in Colo­

rado. Sp. centronatus is usually a little smaller, a little more alate and mucronate, 

with two or three more lateral plicati?ns, while the minute surface ornamentation, 

though of the same character, seem to be somewhat coarser and stronger. On the 
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surface of Sp. centronatus the fine concentric strire dominate the radiating ones, but 

in Sp. boonensis the radiating strire seem to be dominant. However, these differ­

ences are by no means marked, and although exhibited by the few more perfect 

examples which have come before me, it is doubtful if they would be maintained in 

even the limited measure in which they there obtain, in a more. extended series. 

Our collection~ show that this species is found at a number of localitie~, and the 

evidence seems to indicate that it is seldom associated with Sp. rockymontanus. My 

material is not satisfactory, as often but a single individual is known from a locality, 

and the preservation poor. Yet I believe that in most cases the determinations 

made would be substantiated if more abundant and better preserved specimens could 

be obtained. This species is especially abundant in the San Juan region, and its 

most typical representatives are found at the base of the Hermosa formation and in 

the Molas formation. Two examples from the base of the Hermosa are figured on 

Pl. VI. 
Locality and lwrizon.-San Juan region (stations 2187, 2197, 2201, 2202?, 2205, 

2209, 2213, 2214, 2219, 2243, 2246, 224 7, 2284?, 2331?, 2332, 2334); 1\'Iolas formation, 

lower, middle and upper portions of the Ilermosa formation. Ouray (station 2194}; 

Hermosa formation. Crested Butte district (station 2245). Grand River region, 

North Fork of Eagle River (station 2289}; base of the Maroon formation. 

SPIRIFER ROCKYMONTANUS Marcou. 

Pl. XVI, figs. 4, 4a, 5, 5a, 6, 6a, 7, 7c. 

1858. (March.) Spirijer rockymontani (pars). Marcou, Geol. North America, p. 50, pl. 7, figs. 4c-4e, 

(non 4-4b?). 

Mountain limestone: Tigeras, N.Mex. 

1858. (December.) Spirifer opimus. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 711, pl. 28, figs. 1a, b. 

Coal Measures: Ohio; Maryland, Iowa, etc. 

1860. Spirijer subventricosa. McChesney, Desc. New Spec. Pal. Foss., p. 44. 

Coai Measures: Big Creek, Indiana, near New Harmony. 

1861. Spirijer rockymontani. Newberry, Ives's Colorado River Expl. Exped., p. 127. 

Upper Carboniferous limestone: New Mexico. 

1865. Spirijer subventricosa. McChesney, Illustrations New Spec. Foss., pl. 1, figs. 4a, b. 

1868. Spirijera opimus. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 35, pl. 1, figs. 4a, b. 

Coal Measures: Big Creek, near New Harmony, Ind. 

187A. Spirijera opima. Derby, Cornell Univ., (Science) Bull., vol. 1, No. 2, p. 15, pl. 1, fig. 4; pl. 2, 

fig. 7; pl. 4, fig. 12. 

Coal Measures: Bomjardim, Paredao, and .Itaituba, Brazil. 

1875. Spirijer ( Trigonotreta) opimus? Meek, Pal. Ohio, vol. 2, p. 329, pl. 19, figs. 14a, b, c, d, ( e?). 

Coal Measures: Ohio, Illinois, Iowa, Missouri, West Virginia, and Rocky Mountains. 

1875. Spirifer rockymontanus. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 134, 

pl. 11, figs. 9a-d. (Whole volume published in 1877.) 

Carboniferous: North Fork of Lewiston Canyon, Oquirrh Range, and on west face of Oquirrh 

Range, Utah; near Santa Fe, N. Mex. 
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1876. Spirijer Pockyrnontanus. White, Powel~'~ Rept. Geol. UiiJ.ta Mountains, _P· 90. 

Lower Aubrey group: Split Mountain Canyon and near Echo Park, Utah. . 

Upper Aubrey group: Beehive Point, near Horsesl;we Canyon, Utah. 

1877. Spirijer ( Trigonotreta) opimus? Meek, U.S. Geol. Expl. 40th Par.; Rept., vol. 4, p. 88, pl. 9, fig. 6. 

Carboniferous limestone: Six miles south of Promontory Station, Promontory Mountains, Rail­

road Canyon, Moleen Peak; Mount Nebo in Utah; Fossil Hili, White Pine district. 

1879. Spirifer rockyrnontanus. Smith, Am. Phil. Soc., Proc., vol. 35, p. 32. 

Lower Coal Measures: White County l:)-nd Crawford County, Ark. 

See also Spi1·ijer keokuk. 

1883. Spirifera opima. Hall, Rept. New York State Geol. for 1882, pl. (31) 56, figs. 4-7. 

Coal Measures: Iowa; Brazil, South America, 

1887. Sp1.rijera opirna. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 44, pl. 2, fig. 23. 

Coal Measures: Flint Ridge, Ohio. 

1888. Spirijer-a rockymontana. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. ~31. 

Lower Coal Measures: Des Moines, Iowa. 

1891. Spirijera rockymontana? Whitfield, New York Acad. Sci., Ann., vol. 5, p. 584, pl. 13, fig. 20. 

Maxville limestone (Chester): Newtonville, Ohio. 

1893. Spirijer opimus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 27, 39, pl. 31, figs. 4-7. 

(Advance distribution in fascicles.) 

· Coal Measures: Bomjardim, Brazil. 

1894. Spin fer opimus. · Hall and Clarke, Int. Study of Brach., pt. 2, pl. 27, figs. 12, 13 . 

. Coal Measures: Iowa. 

1895. Spirifera rockymontana. Keyes, Missouri Geol. Surv., vol. 5, p. 84. (Date of imprint 1894. ) 

Upper Coal Measures: Kansas City, Mo. 

1895. Spirijer opimus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 27, 39, pl. 31, figs. 4-7. 

Coal Measures: Iowa; Bomjardim, Brazil. 

1895. Spirijera rockymontana? Whitfield, Geol. Surv. Ohio, Rept., vol. 7, p. 471, pl. 9, fig. 20. 

Maxville limestone (Chester): Newtonville, Ohio. 

1899. Spirijer rockyrnontanus. Girty, _ U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 578. 

Upper Coal Measures: McAlester quadrangle; Atoka quadra:qgle. 

From a study of Marcou's figures, I am inclined to believe that he had in hand 
two distinct · species when Spirifer rockymontanus was described. Figs. 4c, 4d, 
and 4e clearly represent a shell of the type which commonly passes under the name 

proposed by Marcou, and which Hall described as Sp. opimus. But the larger 
specimen figured by Marcou represents a different sort of shell. It has marry bifur­
cating ribs,_ and is perhaps one of the short-hinged varieties of Sp. camefatus or its 

allies, such as sometimes occur. I propose to restrict the name Spirifer rockymon­
tanus to shells of the type of Marcou's figures 4c, 4d, and 4e, thus retaining the 
name in its customary significance. 

Spirifer rockymontanus has a wide distribution, both in the Mississippi Valley 
and the Rocky Mountains. It has been found at many stations in Colorado, but 

seems to be especially abundant in the Leadville region. Specimens having all the 
characters of mature Sp. rockymontan1.ts vary much in size. There are usually five 
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or six plications on the fold and about ten lateral ones. The cardinal extremities 

are characteristically rounded. 

Locality and horizon-San Juan region (stations 2196, 2196b, 2196c, 2202, 2222, 

2223, 2229, 2323); middle portion of the Hermosa formation. Ouray (station 2195, 

2195a, 2195b); Hermosa formation. Crested Butte district (stations 224-!5, 2308, 

2315); "\\T eber limestone. Leadville district (stations 2253, 2254, 2259, 2261, 2267, 

2268, 2271, 2281, 2288, 2289 ?) ; base of the Weber formation and in the Robinson 

limestone. Grand River region (station 2288, 2289); ba~e of Weber formation and 

base of the Maroon formation ( ?). 

SPIRIFER CAMERATUS Morton. 

1836. Spirijer camerat·us. Morton, Am. Jour. Sci., (1), vol. 29, p. 150, pl. 2, fig. 3. 

Coal Measures: Ohio Valley. 

1852. Spirifer triplicata. Hall, Stansbury's Exped. Great Salt Lake, p. 410, pl. 4, figs. 5a-e. 

Carboniferous: Missouri River above Weston. 

1852. Spirifer jasciger? Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, pl. 5, fig. 4. (Not. Sp. 

fa.~ciger Keyser ling.) 

Carboniferous: Missouri River, near :mouth of Keg Creek, and Plattsburg, Mo. 

1852. Spirijer meusebachanus. Roemer, Kreid. von Texas, .p. 88, tab. 11, figs. 7a-c. 

Carboniferous: San Saba Valley, about 20 miles below the old Spanish forts, Texas. 

1852. Spirifer inequicostatus? Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, p. 586, pl. 5, fig. 6. 

(See specimens in U.S. Nat. Mus., Cat. Invert. Foss., 17954.) 

Carboniferous limestone of Iowa: Skunk River,? Iowa. 

1856. Spir·ifer cameratus. Hall, Pacific Railroad Rept., vol. 3, p. 102, pl. 2, figs. 9, 12, 13. 

Carboniferous: Pecos Village, N. Mex . . 

1858. Spirifer striatus var. triplicatu.~. Marcou, Geol. North America, p. 49, pl. 7, fig. 3. 

[Mountain limestone]: Abundant in the Rocky Mountains, especially at Pecos Village, at Tigeras, 

on the summit of the Sierra de Sandia, at Great Salt Lake, and at Vancouver Island. 

? 1858. Spir1jer rockymontani (pars). Marcou, Geol. North America, p. 50, pl. 7, figs. 4-4b. 

Mountain limestone: Tigeras, N. Mex. 

1858. Spirifer cameratus. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 709, pl. 28, figs. 2a, b. 

Coal Measures: Ohio; Illinois; Iowa; Missouri; Nebraska; Santa Fe and Pimas Village, N.Mex. 

? 1859. Spirifer mmeratu.s. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 27. 

U ppe:t: Coal Measures: Kansas. 

1859. Spirifer cameratus. Shumard, A cad. Sci. St. Louis, Trans., vol. 1, p. 391. 

Permian sandstone and White limestone: Guadalupe Mountains. 

1861. Spirifer cameratus. Newberry, Ives's.Colorado River Expl. Exped., p. 127. 

Upper Carboniferous limestone: Santa Fe and Pecos Village, N. Mex. 

1866. Spirifer cameratus. Geinitz, Carb. und Dyas in Nebraska, p. 44. 

Carboniferous limestone: Bellevue and Plattsmouth, Nebr.; stage B, b\ Nebraska City, and 

stage B b, b. Bennetts Mill, northwest of Nebraska City. 

1868. Spirijer. Rogers, Geol. Rept. Pennsylvania, vol. 2, pt. 2, p. 833, fig. 694. 

Western Coal Measures. 

14364-No. 16-03--25 
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1872. Spirifer cameratus. Meek, U. S. Geol. Surv. Nebraska, p. 183, pl. 6, :fig. 12; pl. 8, fig. 15. 

Upper Coal Measures: Nebraska City, Nebr. 

Coal Measures: Eastern Ohio; West Virgini~; Pennsylvania; Iowa; Kansas; Texas; New Mexico. 

1873. Spirifer cameratus. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 573, pl. 25, :fig. 7. 

Coal Measures: Illinois. 

1873. Spirijer, young of S. cameratus! Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, pl. 25, 
:figs. 6a-c. 

Coal Measures. 

1874. Spirijer camerata. Derby, Cornell Univ., (Science.) Bull., vol. 1, No. 2, p. 12, pl. 1, :figs. 1, 3, 

6, 9, 14; pl. 4, :figs. 2, 15; pl. 4, :fig. 5; pl. 5, :fig. 11. 

Coal Measures: Bonijardim and Itaituba, Brazil. 

1875. Spirifer cameratus. Toula, Neues Jahrbuch Mineral., p. 240, pl. 7, fig. 3. 

Permo-Carboniferous: West coast of Spitzbergen. 

1875. Spirijer cameratus. Toula, Sitzb. der Kais. Akad. der Wissen. Wien, p. 543, pl. 2, figs. 2a, b. 

Carboniferous limestone: Nova Zembla. 

1875. Spirifer camer?'tus. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 132, pl. 10, 

:figs. la-d. (Whole volume published in 1877.) 

Carboniferous: Fossil Hill, White Pine County; Ely Rang~; Old Potosi mine, Lincoln County, 

and Egan Range, 35 miles south of Egan Pass, Nevada; Camp Apache, Maricopa County; Salt 

. River; confluence of White Mountain and Black rivers; and Canyon Butte, Arizona; Oquirrh 

Range, near Camp Floyd; Lake Range on Fairfield road; west face of Oquirrh Range; North 

Fork of Lewiston Canyon, Oquirrh Range; cliff east of Bellevue; Meadow Creek, south of 

Fillmore; North Star district; Picacho Range; near Beckwith Spring, Cedar Range; Rock 

Canyon, Waeatch Range, near Provo; and Virgin Range, southwest of St. George, Utah. 

1876. Spirifer cameratus. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1876. Spirijer cameratus. Newberry, Macomb's U. S. Expl. Exped. Santa Fe to Gra'l.d and Green 

rivers, p. 138. 

Upper Carboniferous: New Mexico and Utah. 

1876. Spirijer camerata. Meek, Simpson's Expl. Great Basin, Utah, p. 353, pl. 2, figs. 3a, b. 

Yellow limestone (Upper Carboniferous?): Summit Spring Pass, east of Zuni .,.Talley, etc. 

1877. Spirijer, (Trigonotreta) cameratus. Me~k, U.S. Geol. Expl. 40th Par., Rept., vol. 4, p. 91, pl. 9, 

figs. 2, 2a. 

Carboniferous limestone: Fossil Hill, White Pine district; Ruby Group, Nevada. Also, latitude 

39° 33' north, longitude 115° 121 west. 

1880. Spirifer cameratus. White, 2d Ann. Rept. Dept. Stat. and Geol. Indiana, p. 517, pl. 8, :fig. 3. 

CoalMeasures: Waterman, Parke County, Ind. 

1881. Spirijera camerata. White, Geol. Surv. Indiana, lOth Rept., p. 149, pl. 8, fig. 3. 

Coal Measures: Waterman, Parke County, Ind. 

1883. Spirijera camerata. Hall, Rept. New York State Geol. for 1882, pl. (32) 57, figs. 9-15. 

Coal Measures: Ohio; Illinois; Iowa; Missouri, etc. 

1884. Spirijer _cameratus. White, Geol. Surv. Indiana, 13th ~ept., p. 132, pl. 35, figs. 3-5. 
Coal Measures: Indiana . 

. 1887. Spirifer camerata. Herrick, Sci. Lab. Denison. Univ., Bull., vol. 2, p. 45, pl. 2, fig. 22. 

Coal Measures: Flint Ridge, Ohio. 

1888. Spirijera camerata. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 230. 

Lower Coal Measures: Des Moines, Iowa. 
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1893. Spirijer cameratus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 26, 38, pl. 32, figs. 9-15. 

(Advance distribution in fascicles.) 

Coal Measures: Ohio; Illinois; Missouri; Iowa. 

1894~ Spirijer cameratus. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 26, figs. 7, 8. 

Coal Measures: Missouri; Illinois. 

1895. Spirijera camerata. Keyes, Missouri Geol. Surv., vol. 5, p. 83, · pl. 40, figs, 5a-c. (Date of 

imprint, .1894.) 

Coal Measures: Clinton, Kansas City, . and Lexington, Mo. 

1895. Spirifer cameratus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 26, 38, pl. 32, figs. 9-15. 

Coal Measures: Ohio and Illinois; Missouri; Iowa. 

1896. Spirijer cameratus. Smith, Am. Phil. Soc., Proc., vol. 35, p. 241. 

Upper Coal Measures: Sebastian County, Ark.; Poteau Mountain, lndian Territory. 

Lower Coal Measures: Conway County, Ark. 

1896. Spirijer cameratus. Smith, Leland Stanford Junior Univ., Pub.; Cont. Biol. Hopkins Seaside 

Lab., No. 9, p. 31. 

Upper Coal Measures: Sebastian County, Ark.; Poteau Mountain, Indian Territory. 

Lower Coal Measures: Conway County, Ark. 

1898. Spirifer camerat'US. Beede, Kansas Univ. Quart., vol. 9, p. 21, pl. 5. 

1900. Spirijer cameratus. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 99, pl. 12, figs. 5-5e. 

Upper Coal Measures: Kansas City, Lawrence, Lecompton, Topeka, Grand Summit, Kans. 

This species, like the preceding, has a long range and an extended distribution 

both in the Mississippi Valley and the Rocky Mountains. In Colorado it is fre­

quently present, but has not yet come to light in the Leadville region. 

Among the material referred to this species variation more or less marked has 

been noticed · in the fineness of the strire and the degree to which they are gathered 

into fascicles. Nevertheless it has not been found practicable to establish satisfactory 

subdivisions. Most of the material examined, however, is imperfect in one way or 

another. 

Locality and lwrizon.-San Juan region (stations 2198, 2200, 2201, 2205, 2210, 

2213, 2216, 2233, 2239, 2246, 2284, 2331, 2332); lower, middle, and upper portions of 

the Hermosa formation. Ouray (station 2194); Hermosa formation. Crested Butte 

district (stations 2293, 2303, 2305); Maroon formation. Grand River region (station 

2324), Glenwood Springs (stations 2329a, 2329b). Dolores River region, Sinbads 

Valley (station 2285); top of the Hermosa formation. 

SQUAMULARIA Gemmellaro, 1899. 

The name .Reticularia was proposed by McCoy in 1844a as a distinct genu8, to 

which he gave the following characters: 

"General character·.-Hinge line shorter than the width of the shell; cardinal area 
triangular; cardinal angles very obtusely rounded; mesial fold very slightly raised, 
or none; surface ornamented with either fine longitudinal or transverse strire, or 
most usually reticulated by both; . dental lamellre perfectly parallel. 

a Synopsis Characters Carb. Limestone Foss. Ireland, Dublin, 1844, p. 142. 



388 CARBONIFEROUS FORMATIONS .AND l!'AUN.AS OF COLORADO. 

"This beautiful little group includes all those spirifers analogous to the S. imbri­
cata, S. lineata, S. niicrogemma, S. reticulata, 8. decussata, etc., having a reticulated 
or striated surface combined with the general form and cardinal area of Martinia 
McCoy, in which genus I formerly placed them, although they obviously formed a 
very marked group, distinguished by its small size, reticulated or striated surface, 
and very remarkably by the entire absence of the mesial fold in most of the species 
(in the one or two· species which possess a trace of the mesial · fold it is very slightly 
elevated). But the internal structure which I have ·recently seen in three of the 
species presents a very distinct and important character; the dental lamellre, instead 
of converging toward tl?-e beak, as in all the other forms of Spirifer, are in those 
perfectly parallel to each other and to the central septum, in their whole length, 
thus confirming by a· very interesting internal peculiarity the easily recognizable 
external characters. The genus is Carboniferous and Devonian." 

The term Reticularia seems to have gained but little acceptance, and the species 
distinguished under it were for the most part merged with the genus Spirifer. 

W aagen, however, in 1887 employed the name in a full generic sense, assigning 
distinctive characters both externally and internally. The distinctive external char­
acters of this group mentioned by this author are the gene.ral orbicular shape, short 

hinge line, and the surface ornamentation, consisting of hollow, double-barreled 
spines. "Internally," he says, "the ventral valve is without any partition; neither 
dental plates nor a median septum is present. The muscular impressions are situ­

ated in an elongately oval groove. In the dorsal valve also not a trace .of any parti­

tions can be found; no septum nor shelly support of the dental sockets has. been 
observed by me. A hinge plate does not exist." a 

In 1892 Hall and Clarke commented upon the term Reticularia as follows, assign­
ing to it the same characters as W aagen: b 

"Reticularia (op. cit., pp. 128, 142). First species cited, Terebratula imbricata 
Sowerby=Anmnites lineatus Martin= Spirifer lineatus of authors. Shells of this 
type have the short hinge and the smooth or gently plicated surface characterizing 
Kartinia, and like the l~tter have neither dental plates nor septa on the interior. 
The name is based upon a species whose surface is \covered with concentric fimbrire 
of double-barreled spines bearing single rows of lateral spinules, and must probably 
be restricted to this type o"f exterior, as in the more strongly plicated of the fimbri:. 
a ted spirifers the surface spines are simple." 

These authors, however, reduce the value of this term below that of a subgenus, 
and employ it as a coliateral or synonymic title for the group of spirifers which they 

call •" the d!uplicispinei." To this group Hall and Clarke refer "'S. fimbriatus Conrad, 
S. subund~ferus Meek and Worthen, of the Hamilton group; S. hirtus White and 
Whitfield, of the Choteau limestone; 8. pseudolineatus Hall, of the Kinderhook and 
Keokuk groups; S. setigerus Hall, S. Zineatus Martin, and S. perplexus McChesney, 

u Mem. Geol. Surv. India, Pall£ontologia Indica, Salt Range Fossils, vol. 1, 1887, p. 538. 

b Pal. New Yo~k, vol. 8, pt. 2, 1894, p. 20. 
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of the Coal Measures." Now, it is evident that internally the shells included under 
R eticularria by McCoy are very different from those which the usage of W aagen and 

of Hall and Clarke embrace. McCoy in 1854, commenting upon 8pirriferr lineatus, 
speaks again of the dentallamellre and septa of R eticularria in the following terms: 

"This species, from the peculiar structure of the surface and the slight divergence 
of the dentallamellre with their strong mesial septum, was originally combined in 
my Synopsis (o£ Carb. Foss.) with the 8. imbrricata, 8. rreticulata, 8. micrrogemma, 
etc., into a little group called Reticttlaria. There is a fine submedial impressed 
line, apparently a fracture, visible in many specimens from the beak to the front 
margin." a 

Waagen, after quoting this passage, says: 

" Now, it does not seem to me probable that the British specimens of Reticularria 
possess an internal structure different from that of the specimens from Vise, with 
which the Indian specimens entirely agree. It seems far more probable that there 
has occurred a mingling of different things by McCoy, and that he described the 
above characters from a specimen of Jlfartiniopsis, or something like it. Neverthe­
less, it would be very desirable to learn more particularly about these British fossils." b 

Examining our American species of this type, I find that the Mississippian 

forms, without exception, so far as my examination goes, possess internal structures 
as described by McCoy, while the Upper Carboniferous ones are structureless, .as in 
the group described by W aagen and by Hall and Clarke. The species referred to 

R eticularia) by McCoy were found in strata of the age of our Mississippian series, 

while W aagen's material from India came from high up in the Upper Carboniferous, 
or Permian. It thus appears that the groups of shells characterized by these internal 
differences are characterized also by a difference of occurrence in the geologic 
column. Hall and Clarke evidently handled species of both stratigraphic occurrences 
and representatives of both types of internal structure, but apparently they passed 
over these, to me, important distinctions io. favor of a certain agreement in gen~ral 
external expression. 

I think there can be no doubt to which group the term Reticularia was originally 
applied, and I propose to restrict it to the original implication and to employ a 
distinct term for the shells without septa or dental lamellre, as W aagen has desc~ibed 

R eticula ria. 
I had, in manuscript, proposed for this group a distinctive name, when there 

came into my hands a work by Gemmellaro, c in which he proposes the name 

8quamularria for some fossils very similar to those which it was my purpose to 
include ·in a new genus. A full and, in the main, literal translation of Gemmellaro's 

remarks upon 8quamularria is here appended. 

a British Paleozoic Rocks and Fossils, Sedgwick and McCoy, Cambridge, 1854, p. 430. 

bLoc. cit., p. 538. 

c La Fauna dei Calcari con Fusulina, fasc. 4, pt. 1, p. 325, Palermo, 1898-99. 
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In the Fusulina limestones of Sicily there is found a group of spirHeroids which 
differs from the known genera. These fossils have an ornamentation which in some 

ways recalls that of Athyris. However, the complete absence of dental and septal 
plates, and the form of the brachial apparatus, whi9h I was able to observe in two 

specimens, have convinced me that they differ from that genus; while, on the other 
hand, they are more closely allied to the .Martinim and the Reticularim. These 

spiriferiods, to which I give the generic name Squamularia, have the following 
· characters. 

They are thick shells, imperforate, and ornamented with thin, concentric laminre, 
narrowly undulated, squamose, fringed, and imbricated one above the other. Here 

and there, at nearly equal distanc~s, some of these laminre are thicker, more promi­
nent, welt-like, and with margins more distinctly fringed. The surface of the shell 

shows numerous scars and imprints of spines, particularly distinct on the edge of the 
varices. The hinge line, which is much shorter than the major breadth of the shell, 
is slightly . arched. The area is often Indistinct. Beneath the beak of the ventral 

valve is seen the delthyrium, which is triangular and narrow. The epidermis is not 
punctate. 

They have no dental or septal laminre whatever. The crural plates start fro!Il 

the hinge margin of the dorsal valve, more specially from the internal face of the 
dental fossettes. These plates at first diverge, forming an elbow, and then converge 

toward the median line, approaching each other so as to circumscribe in the internal 
subapical region a space with pentagonal outline. Having come close together and 
almost in contact, they give rise to the descending laminre, which extend parallel along 
the median line as far as the anterior third of the length of the dorsal valve. Thence 
they diverge toward the sides~ to give rise to the formation of the laterally directed 

spiral cones. The latter are large enough almost . to fill the internal cavity o£ the 
shell, and are the result of broad gyrations, few in number. . . 

The relationship of the Squamularim with the Martinice and the R eticulariiE is 
close, but not so intimate that they can be embraced within the same generic limits. 
The Martinim have a punctate epidermis; and never present the ornamentation pecul­
iar to these fossils. "Then they are provided with lamellose, concentl:J.c strire, as, for 

example, Martinia lamellosa Gemm., these strire are neither fringed nor wavy, and, 
with the exception of Martinia distefanoi, lack spines. As regards their brachial 
apparatus also there are differences. In the Martin1~m the crural plates converge 
abruptly toward the median line, and leave between them in the rostral region a 

larger or smaller triangular space. The descending laminre are close together for a 
short distance, and then diverge toward the sides to give rise .to the sph~al cones, 
which are rather small. 

As regards their affinity with the R eticularim, there is some analogy' in the con;. 
formation of the various parts of the apical region and in the sum total of their 
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ornamentation, but certainly this analogy is of no importance in view of the diver­
sity that exists between the characteristic structure of the shell surface of these 
species and that of the Squamularim. As regards their internal characters, the 

spiral cones of the Reticularim ordinarily have the apex directed toward the hinge 
line, and in the species in which it is turned sideways, as in the Squamularim, the 

crura do not form an elbow, but, on the contrary, have very nearly the same direction 

as in Martinia; that is to say, they converge directly toward the median line, leaving 
in the internal infra-apical region a larger or smaller triangular space, and the 

descending laminre do not run parallel for a long distance, but, having approached 
each other, suddenly diverge toward the sides, and give rise to the spiral cones. 

These fqssils belong to two species, to which I have given the names of Squam­
ularia rotundata Gemm. and Squamularia dieneri Gemm. 

The. Squamularim were found in the compact Fusulina limestone of the Rock of 
San Benedetto, in the vicinity of Palazzo-Adriano, in the province of Palermo. 

The first species described, which must be taken as the type, is Squamularia 
rotundata Gemm., and upon its characters accordingly rests the validity of Gem­

mellaro's genus. It is quite evident that this author did not apprehend the more 

obvious differences which distinguish Reticularia from his species of Squamularia, 
and that he considered McCoy's genus to be devoid of dentallamellre and septa. :If 
the characters by which he sought to distinguish Sq,uamJI.~;laria from Reticularia are 
valid, there can be no doubt but that the ·forms referred by him to Reticularia 
constitute a yet undescribed genus. But I very much doubt the importance of the 
characters to which Gemmellaro calls attention, and believe that the real characters 

of distinction are the septa and dental plates which are present in Reticularia and 

absent in Squamularia. This opinion seems to be confirmed by Schellw.ien, who 
regards Squamularia as a synonym of Reticularia, the latter name evidently being 
employed in the sense in which W aagen and Hall and Clarke· interpret it. 

To Squamularia, therefore, would belong all of 'V aagen's species of R eticula;ia 
and also those of Gemmellaro himself, together probably with most American, 
European, and Asiatic Upper C11rboniferous types that have been included by authors 

under McCoy's genus. More specifically with regard to our American specie~, 

Squamularia will include only, so far as I know, the two Upper Carboniferous 
forms Rectioularia perplexa McChesney and Reticularia guadalupensis Shumard, 

both of which I have examined and know to be without septa or dentallamellre. 

To Reticularia will belong the Mississippian species R. clara Swallow (?), R. 
cooperens~s Swallow, R. lineatoides Swallow ( ?), R. pseudol~neata Hall, R. setigera 
Hall, R. temerar,ia Miller ( ?), R. tenuispinata Herrick, and R. translata Swallow ( ?). 
These Mississippian forms are usually eharaeterized by two powerful dental plates 

in the venti·al valve, and a median septum in both dorsal and ve~tral valves. The 
dorsal septum varies in degree, being sometimes low and sometimes moderately high. 
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The dental lamellre are often not quite parallel, as they ~re described by McCoy in 
Retic,ularia, but this difference I can not regard as of prime importanc.e. The type 

of Reticularia, as already pointed out by Hall and Clarke, will have to be taken as 

R. imbricata Sower by, the first species included by McCoy under his· genus. 

Squamularia and Reticularia stand related to one a~other very much as do 
JJ1artinia and M'artiniopsis, but with this difference, that while the Reticularice with 
internal plates precede those without, the Martinias with internal structures were a 

late development. 
Hall and Clarke, as already mentioned, do not apparently give Reticularia the 

place of even a subgenus, while w aagen allows it full generic rank. It seems to 
me that the names M'artinia, Martiniopsis, R eticularia, and Squamularia stand about 
on a par in genetic station, and while I am in doubt about their value as full generic 

groups. it seems to me that they should at least be considered subgenera of Spirifer. 

SQU.AMULARIA PERPLEXA McChesney. 

Pl. VI, :figs. 8, 8a, 9 to 9b, 10, lOa, 11 to llc. 

1855. Spirif er lineatus. Shumard, Missouri, Geol. Surv., p, 216. (Not Sp. lineatus Martin.) 

Coal Measures. 

1856. Spirijer lineatus. Hall, Paci:fic Railroad Rept., vol. 3, p. 101, pl. 2, :figs. 6-8. (Not Sp. lineatus 

Martin, 1809.) 

Carboniferous: Pecos Village, N. Mex. 

1858. Spirijer lineatus. Marcou, Geol. North America, p. 50, pl. 7, :figs. 5-5c. (Not Sp. lineatus 

Martin.) 

Mountain limestone: Pecos Village and Tigeras, N. Mex. 

1859. Spirijer lineatus. ¥eek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 28. 

Upper Coal Measures: Leavenworth, Kans. 

1860. Spirifer perplexa. McChesney, ])esc. New Pal. Foss., p. 43. 

Upper Coal Measures: Almost every part of the country where rocks of that age occur. 

1861. Spirijer lineatus. Newberry, Ives's Colorado River Expl. Exped., p. 127. (Not Sp. lineatus 

Martin.) 

Upper Carboniferous: Cherty limestone west of Little Colorado River; vicinity of Santa Fe, 

. N.Mex. 

? 1864. Spirifer lineatus. Meek, Pal. California, vol. 1, p. 13, pl. 2, :figs. 6-6d. 

Carboniferous: Bass's Ranch, Shasta County, Cal. 

1866. Spirifer lineatus. Swallow, Acad.Sci. St. Louis, Trans., vol. 2, p. 408. (NotSp. lineatus Martin.) 
Coal Measures: Mississippi Valley. · 

1866. Spirijer lineatus var. pe'rplexa. Swallow, Acad. Sci. St. Louis, Trans., vol. 2, p. 408. 
Coal Measures: Mississippi Valley. 

1866. Spirijer lineatus var. striato-lineatus. Swallow, Acad. Sci. St. Louis, Trans., vol. 2. p. 408. 
Upper and Middle Coal Measures: _Missouri. 

1872. Spirijer lineatusf Meek, U. S. Geol. Surv. Nebraska, pl. 2, :figs. 3a, b. 

Upper Coal Measures: Platte River, Nebraska. 
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1874. Spirifera (jlfartinia) perplexa. Derby, Cornell Univ., (Science) Bull., vol. I, No. 2, p. 16, pl. 3, 

:figs. 27, 39, 40, 45, 50; pl. 8, :fig. 13. 

Coal Measures: Bomjardim and ltaituba, Brazil, and River Pichis, Peru. 

1881. Spirifera (Martinia) lineata? White, U.S. Geog. GeolJ Surv. W. IOOth Mer., Rept., vol. 3, Appen-

d
. .. I 

1882. 

1884. 

IX, p. XU. 

Coal Measures: Upper Mississippi River region. 

Spirifer (Martinia) lineatus. w-hite, Geol. Surv. Indiana, 11th Rept., p. 372, pl. 42, figs. 4-6. 

Coal Measures: Eugene, Ind. I 
Spirijer (Mariinia) lineatus. w·hite, Geol. Surv. Indiana, 13th Rept., p. 133, pl. 27, figs. 4-6. 

Coal Measures: Fountain, Park, Vermilion, Vigo, Sullivan, Gibson, Pike, Knox, Posey, Van­

derburg, and Warrick counties. Ind. 

1886. Spirifer lineatus? Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 453. 

Upper Coal Measures: Mill Creek limestone, vVilkesbarre, Pa. 

1886. Spirifer lineat·us? Heilprin, Proc. and CoiL Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, p. 269. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, P:1. 

1887. Spirijera (Martinia) lineata? Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 46, pl. I, :figs. 

I3a-c. 

Coal Measures: Flint Ridge, Ohio. 

1888. Spirifera lineata. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 230. 

Lower Coal Measures: Des Moines, Iowa. 

1891. Spi1·ijer (Martinia) lineata. Whitfield, New York Acad. Sci., Ann., vol. 5, p. 603, pl. 16, figs. 3-5. 

Coal Measures: Hocking County, Ohio. 

1893. Spirifer lineatus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 10, 11, 17, 21, 30, 39, pl. 38, 

figs. 2, 4, 7, 8. (Not Sp. lineatus Martin.) (A~vahce distribution in fascicles.) 

Coal Measures: Iowa. 

1894; Spirifera perplexa. Keyes, Missouri Geol. Surv., vol. 5, p. 84. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1895. Spirifera (Martinia) lineata. Whitfield, Geol. Surv. Ohio, Rept., vol. 7, p. 488, pl. 12, figs. 3-5. 

Coal Measures: Hocking County, Ohio. 

1895. Spirifer lineatus. Hall and Clarke, Pal. New York, vol. 8, pt. 2, pp. 10, 11, 17, 21, 30, 39, pl. 38, 

figs. 2, 4, 7, 8. (Not Sp. lineatus Martin.) 

Coal Measures: Iowa. 

1899. Reticularia perplexa. Girty, U. S. ' Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 577, pl. 72, 

fig. 1a. 

Upper Coal Measures: McAlester quadrangle. 

1900. Reticulariaperplexa. Beede, Univ. Geol. Surv. Kansas, Rept., p. 102, pl. 12,, figs. 4--4c. 

Upper and Lower Coal Measures to base of Permian: Fort Scott; Iola, Lawrence, Topeka, Kans. 

This species is more numerous, if not more widely distributed, perhaps, than any 

in the collection, h~ving been found at no less than 30 localities. While perfect and 

well-preserved examples could scarcely be mistaken, in prac~ice it has not always 

been found an easy matter to distinguish individual specimens when poorly preserved 

or imperfect, or both, from Seminula. subtilita, or in the case of young examples, 

from Ambocmlia planicmwexa. The peculiarities of surface ornamentation, which in 
exfoliated specimens or even in internal casts can usually be relied on to distinguish 



394 CARBONIFEROUS FORMATIONS .A..ND FAUNAS OF COLORADO. 

this species, are sometimes so obscured that the shell appears quite smooth. Very 

small shells in this condition bear a strong resemblance to Ambocmlia planiconvewa, 
the character which was most used in distinguishing them bei_ng the convexity of 

the dorsal valve. Some ?f the specimens from the forks of Cement Creek, in the 

Crested Butte quadrangle (station 2318), especially, I rather suspect, if more perfectly 
preserved would prove to be large examples of Amboccelia. 

McChesney states that this species seldom attains a greater diameter than five­
eighths of an .inch. This is true as a rule_ in the collection studied, but specimens have 

been noted both from Colorado and the Mississippi Valley which measure 20 mm~ 

(over three-fo~rths of an inch) and more. Considerable variation has also been noted · 
in frequency of the bands of spines with which the surface was covered. · In some 

· specimens the spinous 1rows are less than 1 mm. apart, and in others they are sepa­
rated by intervals of 3 mm. Usually the widely spaced bands are found upon the 

larger-sized specimens. All degrees occur· between specimens with distant bands 

and those with proximate ones, and I believe that this charac~er can not be given 
even varietal value. 

Locality and lwrizon.-San Juan region (stations 2196, 2196a, 2196b, 2196c, 2197, 

2202, 2208, 2213, 2220, 2221, 2222, 2223, 2224, 2225, 2233, 2238, 2283, 2286, 2301, 
2332); lower, middle, and upper portions of the Hermosa formation. Ouray (station 
2194); Hermosa formation. Crested Butte district (stations 2245, 2291, 2292, 2293, 
2297, 2299, 2300, 2303, 2305, 2306, 2316, 2318); W ebe~ limestone and Maroon forma­
tion. Leadville district (stations 2260, 2272 ?) ; upper part of Weber formation and 
Robins on limestone. 

A~IBOCCELIA Hall, 1860. 

AMBOC<ELIA PLANICONVEXA Shumard. 

1855. 8pirijer planoconvexa. Shumard, Missouri Geol. Surv., p. 202. 

Upper Coal Measures: On Missouri River, near mouth. of Platte River. 

1859. £pirijer planoconvexa. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 28. 

Upper Coal Measures: Manhattan, Juniata; and Leavenworth, Kans. 

1860. A rnbocelia gemmula. McChesney, Desc. New Pal. Foss., p. 41. 

Coal Measures: Peoria and Bureau counties, Ill. 

· 1864. Spirifer (Martinia) planoconvexa. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, 

No. 172, pt. 1, p. 20, figs. a-e, ibidem, 1865, pl. 1, fig. 3. 

Coal Measures: Manhattan and Upper Mill Creek, Kansas. 

1866. Spirijer plano-convexa. Geinitz, Carb. und Dyas in Nebraska, p. 42, tab. 3, figs. 10-18. 

Upper Coal Measures, Plattsmouth, Nebraska City, Nebr. 
. . 

1868. Martinia.planoconvexa. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 34, pl. l, 3a-c. 

Coal Measures: Peoriaand Bureau counties. Ill. 

• 
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1872. Spirije1· (.Martinia)_planoconvexus. Meek, U. S. Geol. Surv. Nebraska, p. 184, pl. 4, figs. 4a, b, . 

pl. 8, figs. 2a, b. 

Upper Coal Measures: Nebraska City, Bennett's Mill, Wyo.; Cedar Bluff, Rock Bluff, Platts­

mouth, Brownville, Otoe City, Rulo, Bellevue, and Omaha, Nebr. 

Coal Measures: Iowa; Missouri; Kansas; Pittsburg, Pa.; West Virginia. 

1874. Spirifera (.Martinia) planoconvexa. Derby, Cornell Univ., (Science) Bull., vol. 1, No. 2, p. 19, 

pl. 8, figs: 12, 16, 18; pl. 9, .fig. 7. 

Coal Measures: Bomjardim and Itaituba, Brazil, and Pichis River, Peru. 

1875. Spirifer (.Martinia) planoconvexus. White, U. S. Geog. Geol. Surv. w·. lOOth Mer., Rept., vol. 4, 

p. 135, pl. 10, figs. 3a-c. (Whole volume published in 1877.) 

Carboniferous: Near Santa Fe, N. Mex.; Elko Mountain, Nevada. 

1884. Spirijer (.Martinia) planoconvexa. White, Geol. Surv. Indiana, 13th Rept., p. 134, pl. 32, figs. 

23-24. 

Coal Measures: Indiana. Occurs from Virginia to Utah and New Mexico. 

1887. Spirifera (.Martinia) planoconvexa. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 46, pl. 1, 

fig. 12. 

Coal Measures: Flint Ridge, Ohio. 

1893. Amboccelia planoconvexa. Hall and Clarke, Pal. New York, vol. 8, pt. 2, .p. 58, pl. 39, figs. 10-15. 

(Advance distribution in fascicles.) 

Coal Measures: Springfield, Ill.; Manhattan, Kans. 

1894. Amboccelia planoconvexa. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 31, figs. 14-17. 

Coal Measur:s: Illinois; Kansas. 

1895. Spirifera planoconvexus. Keyes, Missouri Geol. Surv., vol. 5, p. 85. (Date of imprint, 1894). 

Upper Coal Measures: Kansas City, Mo. 

1895. Amboccelia planoconvexa. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 56, pl. 39, figs. 10-15. 

Coal Measures: Springfield, Ill.; Manhattan, Kans .. 

1900. Amboccelia planoconvexa. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 101. 

Upper and Lower Coal Measures: Fort Scott, Fredonia, Eudora, Lawrence, Lecompton, Topeka, 

Emporia, Kans. 

Small shells more or less closely resembling this species were colJected at several 

localities. The nature of the surface ornamentation or other characters has con­

vinced me that they are merely young individuals of Reticula'ria, with large forms of 
which they are in most cases associated. Occasionally the evidence was less conclu­
sive than others, but using such characters as the fossils still retained, I have identi­

fied A. planiconvexa at but two localities, where, however, its presen~e is tolerably 
certain. It is nevertheless possible that this species has really a somewhat better 

representation than I was led to believe. It is abundant at station 2282 in the San 
Juan re.gion (Rico quadrangle, Sandstone Mountain section). 

Locality and horizon.-San·.Juan region (stations 2220, 2282); middle portion of 
the Hermosa formation. 
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' 
SPIRIFERINA d'Orbigny, 1847. 

SPIRIFERINA CAMPESTRIS White. 

1874. Spirijerina spinosa?. Derby, Cornell Univ., (Science) Bull., vol. 1, No. 2, p. 23, pl. 6, figs. 
8, 13, 14. 

Coal Measures: Itaituba, Brazil. 

1874. Spiriferina spinosa var. campestris. White, U.S. Geog. Geol. Surv. W. 100th Mer., Prelim. Rept. 

Invert. Foss., p. 21. 

Carboniferous Coal Measures: Near Santa Fe, N.Mex.; Camp Cottonwood, Lincoln County, Nev. 

1875. Spirijerina octoplicata. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 139, 

pl. 10, figs. Sa-c. (Whole volume published in 1877:) 

Carboniferous: Near Santa Fe, N. Mex.; Camp Cottonwood, Lincoln County, Nev. 

1877. Spirijerina sp. undet. Meek, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 84, pl. 8, fig. 5, 5a, 5b. 

Carboniferous limestone: Railroad Canyon, Diamond Mountains, Nevada. 

1877. Spirijerina gonionota. Meek, ibidem, at end of description (p. 85). 

Carboniferous limestone: Railroad Canyon, Diamond Mountains, Nevada. 

1884. 'Spirijerina cristata. Walcott (pars), U. S. Geol. Surv., Mon., vol. 8, p. 218, pl. 18, :fig. 13 (not 

:fig. 12). 

Lower Carboniferous: On the east slope of a small conical hill on the east side of Secret-Canyon­

road Canyon, Eureka district, Nevada. 

Upper Carboniferous limestone: Western slope and f?othills of Diamond Peak, Eureka district, 
Nevada. · 

1896. Spiriferina cristata. Smith (pars), Am. 'Phil. Soc.; Proc., vol. 25, p. 242. 

Lower Coal Measures: Conway County, Ark., SW. t of NW. t of sec. 29, T. 6 N., R. 16 W. 

Upper Coal Measures: Sebastian County, Ark., sec. 12, T., 8 N., R. 32 W. 

Poteau Mountain, Indian Territory. 

1896. Spirijerina cristata. Smith (pars), Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins 

Seaside Lab., No.9, p .. 32. 

Lower Coal Measures: Conway Cou,nty, Ark., SW. t of NW. t of sec. 29, . T. 6 N., R. 16 W. 
Upper Coal Measures: Sebastian County, Ark., sec. 12, T. 8 N., R. 32 W. 

Poteau Mountain, Indian Territory. 

The presence in our Upper Carboniferous faunas of memb~rs of the genus 
Spiriferina possessing two quite · differ:_ent types of surface ornamentation has been 

long, though imperfectly, known. One type which is much. the more common has 
the ribs crossed by numerous fine, concentric, lamellose, imbricating strirn or crenula­
tions. It was for a widely distributed representative of this division that Shumard 

proposed in 1855 the specific name . Spiriferina kentuclcyens£s. a In the other type, 
which is rarer, the concentric markings are comparatively inconspicuous and the · 

surface is more or less abundantly covered with postules or short spiniform projec­

tions. For a species of this type Meek suggested, in 1877, the name Spiriferina 
gonionota, b although, as the surface ornamentation of his typical specimen was not 
shown, he laid stress rather upon other cl:taracters in discriminating it from the 

a First and Second Ann. Rept. Geol. Surv. Missouri, pL 2, p. 203. 

bU. S. Geol. Expl. 40th Par., Rept., vol. 4, 1877, p. 84, pl. 8, figs. 5, 5a, 5b. 
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more common !Sp. kentuckyensis. The shells which Derby,a in 1874, and Walcott,b 

in 1884, in the one case from Btrazil and in the .other from Nevada, identified as Sp. 
spinosa, and also that from Nef lVIexico which White c published in 1875 under the 
name of Sp. octoplicata, undoubtedly belong here. As the year previous, in a 

preliminary report upon the collections of the One Hundredth Meridian Survey, 

White had distinguished this form from Sp. spinosa by the varietal name carn­
pestris, it has been retained bere, but in a specific sense. 

The material studied by me consists of fossils from Colorado, New Mexico, 

Nevada, and Texas, and includes the types of Meek, of \Vhite, and o:E Wal­
cott. The species may be briJefly described as follows: The shell is rather large, 
transverse, the hinge line being usually as ·broad or a little broader than the 

. I 

width of the shell below. Dprsal valve moderately convex, ventral valve rather 

elevated with a high area, which is more or less strongly incurved. Fold and sinus 
simple~ on either side are four or five lateral plications. The latter are thin, high, 

and subangular, and so are th~ reverse plications and also the fold and sinus, which 
are only distinguished by being somewhat more elevated than the others. The 
surface is essentially smooth. Several concentric growth lines, more or less elevated 

and lamellose, are frequently present, but they are sometimes practically absent, and 

never in frequency and regul~rity produce an effect similar to the lamellose orna­

mentation of Rhells of the type of Spiriferina kentuckyensis and its allies. These 
markings are usually inconspicuous, and the most striking character of the surface 

consists in its being covered by numerous rather coarse and sparse hollow spines, 
which, either by nature or by accident, are seen to be open at the outer end. The 

spines are more thickly distributed in some individuals than in others, but the range 
of variation is not excessive. In some, though not in all, a number of spines in the 

ventral sinus are serially arranged and more or less connected by a delicate ridge. 

Nothing to correspond with this has been noticed on the fold. The surface under 

different conditions of preserv~tion presents appearances so unlike that I was nearly 
misled into subdividing the species into at least two groups varietally distinct. The 
outer shell layer, which is retained only on well-preserved specimens, seems to be 
itself impunctate, and often aompletely masks the punctate structure of the shell 
below. It is nearly smooth, except for the tubular excrescences above re:ferred to, 
being !narked by delicate, almost invisibly fine growth lines. Under slightly 
different conditions of preservation the appearance of the surface is very much 

changed, and the shell appeatrs to be covered by .innumerable closely set minute 
spinules, which are both much smal~er, more numerous, and more thickly arranged 
than the large ones on the preceding. This appearance seems to be due to the 
removal of the delicate superficial layer and with it the larger spines. The spinules 

a Cornell Univ., Bull. , lvol. 1, No. 2, 1874, p. 23, pl. 6, figs. 8, 13, 14. 

bU. 8. Geol. 8urv., Mon., vol. 8, 1884, p. 218, pl. 18, fig. 13. 

cU. 8. Geog. Geol. Sur~ . W. 100th Mer., Rept., vol. 4, 1877, p. 139, pl. 10, figs. 8a-8c. 
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are evidently related to the punctate structure of the shell, each of the spinules 
representing a pore. Whether they a.re merely the tiny plugs, of calcite which 
filled the perforations in the shell; the latter having been worn from about them, 
or whether the shell projected around ea.ch aperture in the shape of a . minute 

tube, I have not been able to assure myself, but I am inclined to the latter opinion. 
The differences just pointed out are so striking and in the main so· unlform that 
at first I was for recognizing the shells which were characterized by them as 
distinct species. Later, associated with shells of the first type were found a 
number of individuals intermediate between it and the other, and continued search 
resulted in finding on some specimens of Spiriferma spinosa, a species . in the 
closest degree related to that under discussion, both kinds of surface developed 
in patches upon the same valve, the one condition clearly resulting from the other 
by a process of er.osion. I think, therefore, that there is no room for doubt that 
the appearances described are conditioned entirely by preservation. The inter­
mediate style of markings mentioned consisted of a surface thickly covered with 
fine spinules, among which at intervals were distributed larger ones of the usual 
size, the impunctate, striated, outer layer having been removed without destroying 
the larger spines. Often when the shell is silicified the outer layer is missing 
and the .coarsely punctate structure is brought prominently to view. The shell 
then has a reticulated, almost spongy appearance. This is the condition of the 
type specimen of Spiriferina gonionotus. The specimen from Camp Cottonwood 
figured by White as Sp. octoplicata and the other material from the same locality 
resemble Meek's type very closely. These specimens are not silicified but exfoli­
ated, showing only · the strongly punctate shell structure. The other specimen 
figured by White is from Santa Fe, N. Mex. It and the rest of our Sa:qta Fe 
mate:dal shows only the minute, closely set spinules. The specimen figured by W al­
cott was collected from the Pancake Mountains, north end of Coal Hill, White Pine 
County, Nev. It is silicified and shows the large spines and, indistinctly, the 
coarsely punctate shell structure. Other specimens from Coal Hill have the surface 
better preserved, but in the matter of shape are less perfect. Some of them show 
the large spinules, impunctate ·outer layer, and fine ' concentric markings above 

referred to, and others are intermediate between the two main types of preservation , 
which I have been able to distinguish, . having the large spines of the one distributed 
among the fine spinules of the other. My Colorado material is also exfoliated, but 
belongs with little doubt to this division of the genus. The type specimen of Sp. 
gonionotus is somewh.at peculiar in its shape, and differs from the rest of the mate­
rial by some of the same characters by which Meek sought to distinguish it from 
Sp. kentuckyensis and Sp. oct()plicata. These are chiefly its highly inflated valves 
and prominent fold, which, projecting in front, gives to the outline a rather mark-
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edly. triangular shape. The usual outline of the dorsal valve is .transversely sub­
semicircular, but Meek's specimen agrees with . others from the same region in so 
many ways that I am disposed to regard its peculiarities as of an individual nature 
and' due in part to old age. It is with considerable personal confidence', therefore, 
that I refer all this material to Sp. campestris. 

Meek sought to distinguish Sp. gonionotus from Sp. kentuckyensis and Sp. C!cto­
plicata by reason of certain differences in shape. As the surface ornamentation of 
the type specimen was removed, he was not able to avail himself of these characters 
in making comparisons. The differences pointed out by Meek are veritable ones, 
but if I am not at fault in referring to his species other material from Nevada and 
adjacent territory, they are not constant and must be referred to individual peculi­

arities. On the other hand, on the same supposition, well-preserved specimens 
among the other material show surface characters which distinguish this species 
without a trace of doubt from Sp. kentuckyensis and possibly also from Sp. octoplicata. 
White identifies specimens originally described as Sp. spinosa var. compestris with 
Sp. octoplicata. He very correctly regards his material as distinct from Sp. ken­
tuckyensis and recognizes its affinities with Sp. spinosa, which, he considers, may be 
only a variety of Sp. octoplicata. He believes that his specimens differ in lacking 
the spines which characterize Norwood and Pratten's species. .As I have already 
explained, I believe that their absence is owing to circumstances of preservation. 
The form from Itaituba, Brazil, which Derby identifies with Sp .. spinosa, probably 
belongs in the synonymy of White's species. One of his specimens showed very 
distinctly a rib in the sinus of the ventral valve, a eharacter which he justly remarks 

is not found in Sp. spinosa, nor does it occur in the material of Sp. gonionota which 
has been studied by me. He further states regarding the surface ornamentation that 
it shows traces of spines, b.ut not of the r egular concentric lamell::e characteristic of 
Sp. spino8a. The latter, however, is evidently a lapsus calami, for this is a character 
by which Sp. sp1~nosa is distinctly not characterized. Walcott also identifies his 
fossils with Sp. spinosa, figuring a specimen from the Coal Measures and one 
from the Chester to support this view, but he refers Sp. spinosa to Sp. cristata as a 
direct synonym and places 8p. kentuckyensis Shum. in the same category. It is not 
unlikely that the identification of this form with . Norwood and Pratten's species is 
correct~ but while it superficially resembles Sp. kentuckyensis, the character of the 
surface ornan1entadon is so unlike that there can be no question about the propriety 
of recognizing them as distinct species. The relations of Sp. kentuckyens1.'s and Sp. 
cristata have been discussed in another place. It seems probable that Sp. cristata 
does not belong to the spinose section of the genus, a point upon which I have been 
unable certainly to inform myself; but if it does, and not otherwise, comparisons 
between Sp. campestris and Sp. cristatct will be in order. These, however, I am at 
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present in no position to undertake, lacking characteristic material of the foreign 

species, and the same is true of Sp. octoplicata, which is of the same type as Sp. 
campestris and which the latter seems to resemble closely. 

The shape and surface ornamentation of Sp. campestris simulate those of Sp. 
spinosa in the closest manner. In fact, after studying the available material of both 
forms I find no constant or considerable differences by which they are to . be distin­

guished. The evidence se(:m certainly indicates that Sp. campestris White is the same 

as Sp. spinosa N. and P., but I retain a distinct name for the Coal Measure species, 

fearing lest comparisons of more abundantor more favorable material will ~isclose 

differences which have escaped my notice. I believe, however, that the Chester species 

will be found to range into the Pennsylvanian and that these citations of Upper Car­

boniferous representatives will come to rest in the synonymy of Sp.· spinosa. 
Locality and lwrizon.- San Juan region (station 2219); upper portion of the 

Hermosa formation. Crested Butte district (station 2315); Weber limestone. 

SPIRIFERINA KENTUCKYENSIS Shumard. 

1852. Spirifer octoplicata ? Hall, Stansbury's Exped. Great Salt Lake, p. 409, pl. 4, figs .. 4a,b. (Not Sp. 

octoplicata Sow. ) 

Carboniferous: Missouri River, near Weston. 

1855. Spirifer kentuckensis. Shumard, Missouri Geol. Surv., p. 203. 

Coal Measures: On the Missouri River near Weston, and Grayson County, Ky._ 

l856. Spirifer k.entuckensis. Hall, Pacific Railroad Rept., vol. 3, p. 102, pl. 2, figs. 10, 11. 

Carboniferous: Pecos Village, N. Mex. 

1859. Spirijer kentuckensis. Meek and- Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 27. 

Upper Coal Measures: Leavenworth, Kans. 

1866. Spirifer laminosus. Geinitz, Carb. und Dyas in Nebraska, p. 45, tab. 3, figs. 19a-d. (Not Sp. 

laminosus McCoy.) 

Upper Coal Measures: Plattsmouth and Nebraska City, Nebr. 

1872. Spirijerina kentuckensis. Meek, U. S. Geol. Surv. Nebraska! p. 185, pl. 6, figs. 3a-d; pl. 8, figs. 

lla, b. 

Upper Coal Meaeures: Nebraska City, Nebr. · . 

C~al Measures: Kentucky; Illinois; Missouri; Iowa; Nebraska; Kansas; Texas; New Mexico. 

1876. S+ riJerina kentuckensis. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

L@wer and Upper Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1877. S~Aiirijerina kentuc.kensis. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p .. 138, pl.., 
0, figs. 4a-c. . . 

C rboniferous: Santa Fe, N.Mex.; Meadow Creek, south of Fillmore, Utah; Camp Apache, Ariz. 

1883. S: irifera (Spirijerina) kentuckiensis. Hall, Rept. New York State Geol. for 1882, pl. (36) 61, figs. 

4-16. 

Coal Measures. 

1884. Spirijerina kentuckensis. White, Geol. Surv. Indiana, 13th Rept., p. 135, pl. 35, figs. 13, 14. 

Middle and Upper Coal Measures: Vermilion, Vlgo, Knox, Gibson, Posey, Vanderburg, Dubois, 

and Spencer counties, Indiana. 

1888. Spiriferina kentuckensis. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 231. 

Lower Coal Measures : Des Moines, Iowa. 
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1893. Spirijerina kentuckienS'is. Hall and Clarke, Pal. Ne~ York, vol. 8, pt. 2, p. 52,:(. 29, fig. 17; pl. 

36, figs. 14-16. (Advance distribution in fascicles.) 

Coal Measures: Vinton County, Ohio; Illinois. 

1894. Spinjerina kentuckienS'is. Keyes, Missouri Geol. Surv., vol. 5, p. 86. 

Upper Coal Measures: Kansas City and Lexington, Mo. 

1895. Spirijerina kentuckiensis. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 52, pl. 29, fig. 17; pl. 

36, figs. 14-16. 

Coal Measures: Vinton County, Ohio; Illinois. 

1896. Spirijerina cristata. , Smith (pars), Am. Phil. Soc., Proc., vol. 35, p. 242. 

Lower Coal Measures: Conway County, Ark. 

Upper Coal Measures: Sebastian County, Ark., and Poteau Mountain, Indian Territory. 

1896. Spirijerina cristata. Smith (pars), Leland Stanford Junior Univ. Publ., Cont. Bioi. Hopkins 

Seaside Lab., No. 9, p. 32. 

Lower Coal Measures: Conway County, Ark. 

Upper Coal Measures: Sebastian County, Ark., and Poteau Mountain, Indian Territory. 

1900. SpirijP;rina cristata. Beedjj, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 96. 

Upper and Lower Coal Measures: Fort Scott, Bronson, Bourbon County, Thayer, Kansas 

City, Lawrence, Lecompton, Topeka, Kans. 

In connection with the preceding species attention was called anew to the fact 

that there are at lea.st two distinct types of Spirife'rina occurring in our Coal Measure 

strata, one, like Spiriferina sp1~nosa Hall, of the Chester, with pustulose or spinose 

ornamentation, the other with fine imbricating concentric strire. 

The form described by Hall as Sp. octoplicata Sow.? which may be regarded as 

the type of Sp. · kentuckyensis Shumard, certainly belongs to the striated group. 

Spiriferrina kentuckyensis has often been placed in the synonymy of Sp. cristata 
Schlotheim. 

The original description of Sp. cri8tatct a gives no clue to the minuter surface 

_ornamentation of that species, and the :figures only imperfectly disclose it. The 

specimens examined by me, which seem to be most nearly typical of Schlotheim's 

species, come from the middle Zechstein of Posneck, Thuringia. The identifica­

tion was made by Geinitz. This material resembles Schlotheim's :figures, both in 

general configuration and in surface ornamentation. The latter is rather variable. 

It seems to consist of concentric lamellose strire, in s me specimens so distant as to 

answer to· the growth lines of Sp. gonionotus, and in others so close together that 

they exhibit the type of ornamentation seen in Sp. entuckyensis, but never in the 

specimenR examined is there any development of the pustulose ornamentation char­

acteristic of Sp. gonionotus, even when the concentri markings are as distant as in 

that species. The intervening spaces are left nearly smooth; and the -punctation is 

so fine as to be scarcely discernible. Thus it would. s em that Sp. cristata belongs to 

the division of Sp. kentuckyensis rather than to that of Sp. gonionotus and Sp. spinosa. _ 

aSchlotheim, 1816. Beitr. zur Naturg. der Versteinerungen; Kon. Bay. A ad. der Wissensch. zu Miinchen,Denkschr., ' 

p. 28, pl. 1, figs. 3a, 3b, 3c. 

14364-No. 16-03-26 
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On the other hand Davidson a while describing the surface of Sp. octoplicata 
Sow. as pustulose, refers it to Sp. cristata in a varietal relation. Supposing that 
Davidson knew the characters of the real cristata, one would from this be l.ed .to infer 
that the latter was also of the pustulose division of the genus. Simiiarly the form 
identified by Kingb as Sp. cristata in his monograph on the Permian fossils of Eng­
land, seems to be at )east a coarsely punctate, and possibly a pustulose ~::~pecies. , Some 
of his expressions undoubtedly refer to the punctate structure of the shell, but others 
perhaps involve the surface ornamentation. Furthermore he states: c . "Having 
examined in Mr. J. de C. Sowerby's collection the originals (from Derbyshire) of 
the figures in the 'Mineral Conchology' [of Sp. octoplicata ], the only difference I could 
perceive is that they are wider than any examples which have occurred to me of the 
present species.'·' . Since King noticed cha..racters so minute as the punctate shell 
structure, it seems probable that the less microscopic surface ornamentation would 
not have escaped his observation, and as Davidson; who also examined the original 
specimens of Sp. octoplicata, describes that species in such terms as to leave no doubt 

· that it belonged to the spinose type of spiriferinas, as just noted, it would appear 
that the shells which King believed to be identical with Schlotheim's species were also 
of the same character. 

If Sp. cristata belongs to the spinose section of the genus, there can be no doubt 

that Sp. kentuckyensis is specifically distinct. If, on the other hand, it , is of the 

type of Sp. kentttckyensis, I still belie..-e Shumard's species to be worthy of at least 

varietal position. A comparison of well-characterized spec~mens of Sp. kentucky­

ensis with our European material, which is premised to truthfully represent 

Schloth~im's species, reveals seve•ral points of difference. The most constant and 

important of these seem to be the following: Sp. cristata is typically rounded at the_. 

hinge extremities and appears rarely, if ever, to have the cardinal diameter pro­
longed into mucronate points, as is frequently the case in the American species. Its 
plications are sharper and higher, and the furrows dividing them deeper than in our 
own form, while the concentric imbricating· strire are never, even when most closely 
set, as evenly disposed and as thickly crowded. 

While Spiriferina kentuckyensis is perhaps no more than varietally distinct from 
the material from Posneck identified as Sp. cristata, because I am ·still somewhat in 
doubt, for reasons 'given above, as to what the surface ornamentation of typical Sp. 
cristata really is, Shumard's name is provisionally retained in full specific import. · 

. Locality and lwrizon.-San Juan region (stations 2220, 2322); middle portion of 
Hermosa formation. Crested Butte district (station 2295); Maroon formatioll. Uinta 

a British Fossil Brachiopoda, vol. 2, 1858-63, p. 38. 

b Monograph Permian Foss. England, 1850, p. 127. 

cLoc. cit., p. 128. 
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• Mountain region, Yampa plateau (station 2330) ~ mi~le division oi the Carboniferous. 
Grand River region, Glenwood Springs (station 23 9b). 

• <: 

· SEMINULA McCoy, 1844, emend. Hall and Clarke, 1893. 

SEMINULA SUBTILITA all. 

Pl. VII, figs. 1 to 1 b, 2, 2a, 3, 3a, 4-7, 

1842. Terebratula roissyi. D'Orbigny (non L'Eveille), Voyage ans 1' Amerique Meridionale, Pal., p. 46. 

Carboniferous: Yarbichambi. 

1852. Terebratula plano-sulcata. Owen, Geol. Surv. 'Wisconsin Iowa, and Minnesota, pl. 5, fig. 9. 

Carboniferous limestone: Near Council Bluffs. 

1852. Terebratula subtilita. Hall, Stansbury's Exped. GreatS lt Lake, p. 409, pl. 2, figs. la, b, 2a, b. 

Carboniferous: Missouri River, near \Veston. 

?1853. Terebrattda subtilita. Shumard, Marcy's Expl. Red Riv r of Louisiana, Thirty-second Congress, 

Second session, Senate Doc. 'No. 54 (reprinted several i):nes ~ith different pagination), p. 202, 

pl. 4, fig. 8. 

Carboniferous: ·washington County, Ark. 

1855. Terebratula subtilita. - Schiel, Pacifie Railroad Rept., vol. 2, p. 108, pl. 1, figs. 2a, b. 

Carboniferous limestone: 8 miles west of Westport. 

1856. Terebratula subtilita. Hall, Pacific Railroad Rept. vol. 3 _ p. 101, pl. 2, figs. 3-5. 

Carboniferous: Pecos Village, N. Mex. . 

1857. Terebratula (?) subtilita. Davidson, Mon. British Carb. rach., Pal. Soc., p. 18, pl. 1, figs. 21, 22. 

Carboniferous: Mayen Wais, England. 

1858. Terebratula plano-sulcata. Marcou, Geol. North Am eric , p. 52, pl. 6, figs 8, 8b. 

Mountain limestone: Tigeras, N. Mex.; Ohio; Indiana; Illinois; Kentucky; Arkansas. 

1858. Terebratttla roysii. Marcou, Geol. North America, p. 51, pl. 6, figs. 10, lOb. 

Mountain limestone: Salt Lake City, Utah; El Paso, C ihuahua; headwaters of the Rio Colo.:. 

rado Chiquito. 

1858. Terebratula subtilita. Marcou, Geol. North America, p. 2, pl. 6, figs. 9-9f. 

Mountain limestone: Sierra Madre; Sierra de Magoyo ; Great Salt Lake; Tigeras and Pecos 

Village, N.Mex.; summit of Sierra de Sandia and Si rra de Magoyon; El Paso, Chihuahua; 

junction of rivers San Pedro and Gila, Arizona; so Colorado Chiquito; Shasta 

County, Cal.; Vancouver Island. 

1858. Terebratula subtilita. Hall, Geol. Surv. Iowa, vol. 1, pt. , p. 714. 

Coal Measures: Ohio; Indiana; Illinois; Iowa; Missouri· Kansas; Nebraska; and Pecos Village, 

N.Mex. 

1859. Spirigera su~tilita. Meek and Hayden, Acad. Nat. Sci. hiladelphia, Proc., p. 28. 

Upper Coal Measures: Kansas. 

1860. Athyris subtilita. Davidson, Mon. British Carb. Brach., Pal. Soc., p. 86, pl. 1, figs. 21, 22; pl. 

1861. 

1861. 

17, figs. 8-10. 

Carboniferous: Mayen \Vais, England; Tournay, Belgiu . 

Athyri,s subtilita. Salter, Geol. Soc. London, Quart. Joul , vol. 17, p. 64, pl. 4, fig. 4. 

Carboniferous: Isthmus of Copacabana, in the Lake of ~iticaca. 

Athyris subtilita: Newberry, Ive~'s Colorado River Exp~. Exped., p. 126. . _ 
Upper Carbomferous: Cherty limestone on banks of Colorado between Little Colorado ttna 

Diamond rivers; Pecos Village, east of Santa Fe. 

., .-_ 
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1862. Terebratula (?) subtilita. Davidson, Mon. British Carb. Brach., Pal. Soc., p. 217, pl. 17, figs. 8-10 . 

Carboniferous 'lime!3tone: Bolland; Kendal in Westmoreland; 

1866. Athyris subtilita. Geinitz, Carb. un4 Dyas in Nebraska, p. 40, tab. 3, figs. 7-9. 

Upper Coal Measures: Omaha City, Plattsmouth, Bennett's Mill, and Nebraska City, Nebr. 

1869. Spirijera (Athyris) subtilita. Toula, Sitzb. der Kais. Akad. der Wissensch. Wien, 1. Abth., vol. 

59, p. 438, pl. 1, fig. 5. 

Carboniferous limestone: 10 miles from Cochebamba, Bolivia. 

1872. Athyris subtilita. Meek, U. S. Geol. Surv. Nebraska, p. 180, pl. 1, fig. 12; pl. 5, fig. 8; pl. 8, fig. 4. 

Upper Coal Measures: Nebraska City, Bennett's Mill, Wyo.; Cedar Bluff, Rock Bluff, Platts­

mouth, Bellevue, and Omaha, Nebr. 

Coal Measures: Illinois; Missouri; Iowa; West Virginia; Ohio; Kansas; Pecos Village, N.Mex. 

1873. Athyris subtilita. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 3, p. 570, pl. 25, fig. 14. 

Coal Measures: Illinois. 

1874. Athyris subtilita. Derby (pars), Cornell Univ., (Science) Bull., vol. 1, No. 2, p. 7, pl. 1, figs. 5, 8 

(not fig. 7::::;:: Spirigerella derbyi); pl. 3, figs. 8, 16, 19; pl. 6, fig. 2; pl. 9, fig. 4. 

Coal Measures: Bomjardim, Itaituba, and Pared~o, Brazil. 

1875. Spirigera subtilita. White, U. S. Geog. Geol. Surv: W. lOOth Mer., Rept., vol. 4, p. 141, pl. 10, 

figs. 6a-c. (Whole volume published in 1877.) 

Carboniferous: Carizo Creek, Maricopa County; Camp Apache; Tenney's ~anch; Kaibab Pla­

teau; confluence of White Mountain and Black rivers; Grass Mountain, 35 miles north of 

Pioche, and foothills of Dragoon Mountains, Arizona; Fossil Hill, White Pine County, and 

Camp Cottonwood, Nev.; 15 miles south of St. George; near Ophir City; Rock Canyon, 

Wasatch range, near Provo; and near Minersville, Utah. 

1876. Spirigera S'ubtilita. White, Powell's Rept. Geol. Uinta Mountains, p. 90; 

Lower Aubrey group: Confluence of Grand and Green rivers, and near Echo Park, Utah. 

Upper Aubrey group: Beehive Point, near Horseshoe Canyon, Utah. 

1876. Athyris subtilita. Meek, Simpson's Expl. Great Basin, Utah, p. 350, pl. 2; figs. 4a, b. 

Coal Measures: Yellow limestone, Humboldt Mountains. 

1876. Athyrie subtilita. Newberry, Macomb's U. S. Expl. Exped. Santa Fe to Grand and Green rivers, 
p. 138. 

Upper Carboniferous: On the Colorado; west of the San Francisco Mountains; junction of Grand 

and Green rivers; in the Sierra la Plata; at Santa Fe; Pecos. 

1876. Athyris subtilita. Derby, Mus. Comp. Zool., Bull., vol. 3, p. 279. 

Coal Measures: Yampopata, Brazil. 

1876. Athyris subtilita.. Meek, U. S. Geol. Geog. Surv. Terr., Bull., vol. 2, P, 355, pl. 1, figs. 2, 2a. 
Carboniferous: Katlahwoke, Rocky Mountains. 

1877. Athyris S'Ubtilita. Meek, U. S. Geol. Expl. 40th Par., Rept., vol. 4, p. 83, pl. 8, figs. 6, 6a. 

Carboniferous limestone: Ruby group; Mo~een Peak, near Humboldt River, Nevada. 

18!54. Athyris subtilitu. White, Geol. Surv. Indiana, 13th Rept., p. 136, pl. 35, figs. 6-9. 
Coal Measures: Indiana. 

1887. Athyris subtilita. Herrick, Sci. Lab. Denison Univ., Bull., .vol. 2, p. 44, pl. 1, figs. 18 (16a-c?). 

Coal Measures: Flint Ridge, Ohio. 

1887. Athyris subtilita. De Koninck, Ann. du Musee Royal d'Histoire Naturelle de Belgique, vol. 14, 

p. 73, pl.18, figs. 1-4, 7-10, 12-28; pl. 19, figs. 47-56. 

1888. Athyris S'Ubtilita. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 231. 

Lower Coal Measures: Des Moines, Iowa. 

. I 

• 



DESCRIPTIONS OF SPEOIE8. 405 

1891. Athyris subtilita. Whitfield, New York, Acad. Sci., Ann., vol. 5, p. 604, pl. _16, figs. 7-9. 

Coal Measures: Hocking County, Ohio. 

1893. Seminula subtilita. Hah and Clarke, Pal. New York, vol. 8, pt. 2, p. 95, figs. 66, 67 on p. 95, 

and figs. 58, 59 on p. 86; pl. 47, figs. 17-31. (Advance distribution in fascicles.) 

(?) Chester limestone: Caldwell County, Ky.; Chester; Ill. 

Coal Measures: Manhattan and Miami County, Kans.; Kansas City and Chariton County, Mo.; 

Coppers Creek, and Winterset, Iowa; Ohio. 

1894. Seminula subtilita. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 35, figs. 16-19. 

Coal Measures: Chariton County, Mo.; Winterset, Iowa; near Kansas City, Mo. 

1895. Athyris argentea. Keyes, Missouri Geol. Surv., vol. 5, p. 92, pl. 39, figs.lla-d. (Date of imprint 

1894.) 

Coal Measures: Kansas City, Lexington, and Clinton, Mo. 

1895. Sem'inula 1ubtilita. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 95, figs. 66, 67, and 58, 59 

on p. 86; pl. 47, figs. 17-31. 

Coal Measures: Manhattan, Kans.; Coppers Creek, Iowa; Chariton County, Mo.; Winterset, 

Iowa; Miami County, Kans.; Kansas City, Mo.; Ohio. 

(?) Chester limestone: Caldwell County, Ky.; Chester, Ill. 

1895. Athyris subtilita. Whitfield, Geol. Surv. Ohio, Rept. , vol. 7, p. 488, pl. 12, figs. 7-9. 

Coal Measures: Falls Township and Webb Summit, Hocking County, Ohio. 

1896. Athyris subtilita. Smith, Am. Phil. Soc., Proc., vol. 35, p. 241. 

Upper Coal Measures: Sebastian County, sec. 12, T. 8 N., R. 32 W., Arkansas; Poteau Moun­

tain, Indian Territory. 

(?) Burlington or Lower Keokuk: Boone chert, Stone County, N. W. -! sec. 9, T. 14 N., R. 

10 W., Arkansas. 

1896. Athyris subtilita. Smith, Leland Stanford Junior Univ. Publ.; Cont. Bioi. Hopkins Seaside Lab . . 

No. 19, p. 31. 
Upper Coal Measures: Sebastian County, Ark., sec. 12, T. 8 N., R. 32 W.; Poteau Mountain, Indian 

Territory. 

(?) Burlington or Lower Keokuk: Boone chert, Stone County, Ark., N. W. t sec. 9, T. 14 N., 

R. 10 w. 
1900. Seminula argentea. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 105, text-fig. 3c. 

Upper and Lower Coal Measures: Marmaton Station, Bourbon County, lola, Kansas City, Eudora, 

Lawrence, Lecompton, Topeka, Manhattan, Grand Summit, Kans. 

1900. Seminula argentia. Knight, Univ. Wyoming, Wyoming Exp. Sta., Bull. No. 45, pl. 3, fig. 6. 

As shown by our collections, this seems to be the most universally distributed 

species of the entire Carboniferous fauna. It has been found at over fifty station~ . 

Although many variations are to be seen in the material examined, it has not been 

found practicable to establish lines by which specific or varietal groups shall te 

defined. There are some forms which have a nearly circular outli~. Others are 

elongate. In some the sinus is shallow ~nd broad; in others narrow and deep; and 
in certain smaller types it is little more than a depressed line. The latter, though 
occurring alone, may probably be correctly regarded as young examples of the larger~ 
more strongly characterized shells. Yet all this variety of form seems to be without 
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break or interruption, but, on the contrary, variety passes into variety by the easiest 
gradations. 

Young specimens are often nearly circular in shape, with the element's of fold 
and sinus almost imperceptible, and from certain localities such specimens only have 
come to hand. They sometimes. assume much the aspect of the later forms of devel­

opment of the genus Oleiothyris. I have identified Oleiothyris among the fossils 
examined in the case of only two specimens, but possibly among the shells just men­
tioned may occur representatives of this genus which their superficially exfoliated 
condition has prevented my recognizing as such. 

Keyes and Schuchert hav~ used for this species the specific term argentea, pro­
posed by Shepard fourteen years before Hall's Terebratula subtilita was ·described. 
Relegating, for the time, the question whether Terebratula argentea, with its poor 
description and execrable figures, should replace T. subtilita, which was well figured 
and adequately described, i~ is by no means certain that Shepard's species is the same as 
that described by Hall, or even congeneric with it. There is little evidence to be derived 
from the original citation, and none has been produced outside, save the statement 
by Keyes, that Seminula subtilita is the commonest species at the locality where T. 
argentea was first found. This circumstance is of importance, but scarcely, it seems 
to me, of character sufficiently conclusive to warrant the replacement of Hall's name, 
which has a definite meaning, for one whose significance is still vague and uncertain. 
The small size, rotund shape, and elevated beak of the form represented by Shepard's. 
figures seem to indicate, rather than S eminula sub_tilita, some other shell, perhaps 
Reticularia perplexa, to which the two lines of casual description equally apply. 
Shepard's mention of this shell is formulated in the following words: "It embraces 
occasionally * * * a small species of Terebratula, whose surface is delicately 
striated, and of a silvery white color and strong pearly luster." 

Schuchert includes in the synonymy of this species Terebratula antisiensis and 
T. peruviana, both of d'Orbigny, which antedate Hall's description by ten years. 
If he is correct in this, one of these names may have· to be substituted for Seminula 
subtilita, unless it developsthat Shepard's form is the same species. 

It is not improbable that S. caputserpentis Swallow, S. singletoni Swallow, 
S. hawni Swallow, S. charitonensis Swallow, and S. dijferentius McChesney, all of 
which were described subsequently to S. subtilita, belong 'in the syn.onymy of this 
species. I also believe that with Seminula subtilita, or, at any rate, with the genus 
Seminula, belong the shells which Marcou a identifies as Terebratula planosulcata 
Phillips and T. royssii l'Eveille, though these have usually been placed with Oleio:.. 
thyris, sc. OZ. roissyi. 

Locality and horizon.-San Juan region (stations-2186, 2187, 2196, 2196a, 2196b, 
2196c,2201,2202,2204, 2205,2209,2211,2213,2214,2216,2219,2220,2222,2223,2224, 

aGeol. North America, Zurich, 1858, pp. 51, 52, pl. 6, figs. 8, 8a, 8b, and figs. 10, lOa, lOb. 
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2229,2231,2233,2236,2237,2239,2240,2242,2243,2246,2247,2248,2249,2284,2309, 

2323, 2331, 2332, 2337, 2340, .2341, 2342, 2349); _Molas formation, lower, middle, and 

upper portions of the Hermosa formation, and in the Rico formation; Ouray (sta­

tions 2195, 2195a, 2195b); H ermosa formation. Crested Butte district (stations 

2244, 2245 , 2280, 2291, 2293, 2297, 2298, 2299, 2303, 2305, 2306, 2318); Weber lime­

stone and Maroon formati<:m. Leadville district (stations 2252, 2254, 2259, 2261, 

2262, 2263, 2264 ~' 2267, 2273, 2274, 2275); lower, middle, and upper portions of the 

Weber formation, and in the Robinson limestone. Grand River region (station 

2324), Glenwood Springs (stations 2193a, 2329). 

CLEIOTHYRIS Kin~, 1850. 

CLEIOTHYRIS ORBICULARIS McChesney. 

1860. Athyrus orbicularis. McChesney, Desc. New Pal. Foss., p. 47. 

Coal Measures: Western States. 

? 1860. Spirigera missouriensis. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 650. 

Coal Measures: Montgomery and Chariton counties, Mo. 

1866. Athyris planosulcata. Geinitz, Carb .. und Dyas in Nebraska, p. 42. 

Coal Measures: Omaha City, and Plattsmouth, Nebr. 

1874. Athyris sublamellosa. Derby, Cornell Univ., (Science) BulL, vol. 1, No. 2, p. 10, pl. 2, figs. 

9-12; pl. 3, figs. 15, 21, 29; pl. 6, fig. 16; pl. 9, figs. 5, 6. 

Coal Measures: Bomjardim and Itaituba, Brazil. 

1875. Spirigera planosulcata. White, U. S. Geog. Geo1. Surv. W. 100th Mer., Rept., vol. 4, p. 143, pl. 

10, figs. 5a-d. (Whole volume published in 1877.) 

• Carboniferous: Santa Fe, N. Mex., Rush Creek, Lake County, Colo. 

1897. Cleiothyris orb'icularis. Schu_chert, U. S. Geol. Surv., Bull. No. 87, p. 182. 

? 1897. Cleiothyris missouriensis. Schuchert, U. S. Geo1. Surv., Bull. No. 87, p. 182. 

In its representation in American strata the genus Oleiothyris is restricted, so 

far as known, to the Carboniferous period. Throughout the existence of this type 

it follows few lines of variation, but within certain limits and in a few particulars 

these shells are very variable. The most obvious character i., that of size, and it is 

at the same time the least significant. 

A number of specific names have been proposed for American representatives of 

the genus, but experience shows that it would be difficult to establish the validity 

of many of them if reference were had only to the uniformity and persistence of 

differential characters. 

In the Upper Carboniferous representatives of the Oleiothyr.i8 group are usually 

small of size and in numbers rare. The first specific name proposed for a 

Pennsylvanian Oleiothyris is Athyris orbicularis McChesney, which was published 
early in 1R60. In the same year, though probably subsequent to the publication of 
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.Athyris orbicularis, a Swallow described Spirigera missouriensis, basing his description 
. upon what I feel confident was the same type of shell. The rea ons for this conclusion 
are as follows: 

McChesney states that his shell is closely allied to .Ath ris suqlamellosa Hall, 
and that it had sometimes been referred to Terebratulaplanosul ata of Phillips. Both 
the species mentioned belong to the Oleiothyris group o~ .Athy is, an.d, as the general 
character of the description indicates the eorifiguration and su face ornamentation of 
Oleiotl~yris, it is practically certain that Athyris orbicularis elongs to that group. 
Furthermore, I find in the collections of the 0. S. National Museum a species of 
Oleiothyris which bears Worthen's identification with Ol. ·bicularis, and at the 
same time permits McChesney's description to be applied to it 

Swallow's description of Spirigera missou·rieru;is would of itself lead one to 
infer that he had in hand shells of the Oleiothyris type, and sue an inference· receives 
corroboration from the circumstance that it is said much to res mble Ol. hirsuta Hall. 
To be sure, it is said to differ from that species in being ornamented with lamellre 
instead of the spines, which are, of conrse, a distinctive character of Oleiothyris, but 
the lamellre are described as imbricating, transversely costate, and as leaving gran- · 
ular ridges in falling off, details all of whieh indicate that the lamellre were spinif­
erous. It is true, also, that the structure is described as punctate, but the same 
character is ascribed to several species of Seminula described under the names of 
Spirigera charitonensis and Sp. hawni. Furthermore, among the museum collec­
tions are specimens of a Oleiothyris from Chariton County, one of the localities cited 
by Swallow, which answer to his description in most particulars and yet clearly 
indicate the subgeneric group to which they belong. • 

The descriptions of Ol. orbicularis and OZ. missouriensis certainly indicate closely 
similar shells, and the specimens in our collections which seem to best represent each 
of those species I would feel no hesitation in ~·eferring to the same. Indeed, I :find 
it impossible to discriminate between the Pennsylvaq.ian representatives of Oleiothyrw 
that have come under my observation, and must refer all to a single ~pecies. These 
facts, and a consideration of the narrow limits of variation habitually shown in Oleio­
thyris as a whole, lead me to regard Ol. orbicularis and Ol. mis8ouriensis as one and 
the same species. · 

It is probable that the Upper Carboniferous form from Brazil which Derby 
identified with Ol. sublarnellosa Hall can be refe~red to this . species, though the 
South American shells attain a somewhat unusual size. . It seems pretty ce.rtain that 
the shells from Nebraska which Geinitz identifies as Athyris planos1.tlcata also belong 
here, and those from the west referred by White to the same species, after an exami- . 
nation of his specimens, I do not hesitate to add to this synonymy. 

aMcChesrrey's publication was reviewed in the Am. Jour. Sci. for ¥arch, 1860. Swallow's paper was presented for 

publication in the St. Louis Acad, Sci. on July 2d of the same year. 
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The relations of OZ. orbicularis and OZ. srublamellosa are of the closest. I find 
that the characters pointed out by McChesney t<: distinguish them can not be 
generally relied upon, and only bold good in selected cases. The only distinction 

which I have been .able to observe in the material examined is that the Pennsylvanian 
species seems to be, as a rule. somewhat more transverse than the older form, but I 
doubt if to this difference alone could be given specific significance, even if it proves 
to be a constant one. I am, therefore, prepared to see McChesney's name orbicularis 
succeed to Hall's sttblamellosa for this species. 

Under the name of Spirigera planosulcata White bas already cited this species 

from Colorado, from Rush (Rock) Creek, in Lake County. I am not sure that the 
material upon which this identification rests has come into· my hands, but I have it 

from other areas in the shape of two small, not very perfect shells, each from a sepa­
rate station. The larger of these is less than 8 mm. in diameter, and therefore some­

what below t~e average size of Mississippi Valley specimens, but otherwise I see no 
characters by which to distinguish them. 

McChesney's original description of OZ. orbicuiaris, to which access is usually 

difficult, I have cited below in full. 

"ATHYRUS ORBICULARIS (n. s. ). 

"Shell subcircular or varying from transversely subelliptical to subovately 
elongate, moderately gibbous. Dorsal valve. less than the ventral, depressed convex, 
rarely slightly elevated i~ front; beak closing the foramen of the opposite valve. 
Ventral valve convex, strongly gibbous toward the beak; front sometimes flattened, 
but without true sinus; beak prominent, slightly incurved, and vertically or some­
what obliquely truncated by a circular foramen. 

"Surface distinctly marked by concentric lamellose bands of growth. 
'"This species is closely alfied to A. sublamellosa of Hall (Geol. Rep. Iowa, 

p. 7-02), from which it is easily distinguished by having a larger ventral than dorsal 
valve, while in that the dorsal va]ve is much the largest, and by the much greater 
elevation or thicke1,1ing of the ventral valve toward the beak. . , 

"It has sometimes been referred to Terebrcdula plano-sulcata of Phillips, from 
which it differs in being a less rotund shell, and in the much less gibbosity or infla­
tion of its ventral valve toward the front of the shell, as well as in other respects. 

'"Geological position and localities: In Coal Measures, particularly the upper 
portion, extensively distributed in the Western States." 

Locality.-Grand River region, Glenwood Springs (station 2193a). 

DIELASMA King, 1850. 

DrELASMA BOVIDENS Morton~. 

Pl. VII, figs. 11, lla. 

1836. Terebra.tula bovidens. Morton, Am. Jour. Sci., ( 1), vol. 29, p. 150, pl. 2, fig. 4. 

Coal Measures: Ohio Valley. 

1856. Terebratula millepunctata. Hall, Pacific Railroad Rept., voL 3, p. 101, pl. 2, figs. 1, 2. 

Carboniferous : Pecos Village, N. Mex. 
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· 1858. Terebratula millepunctata. Hall, Albany Inst., Trans., vol. 4, p. 35. 

Upper Carboniferous: Topeka, Kans. 

1858. Terebratula bovidens? Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 711. 

1859. Terebra~ula millepunctata. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 26. , 

Upper CoalMeasures: Leavenworth, and near Indianola, Kans. 
? 1859. Terebratula elongata. Shumard (non Schlotheim), Acad. Sci. St. Louis, Trans., vol. 1, p. 392. 

Permian: Guadalupe Mountains. 

1861. Terebratula geniculosa. McChesney, Desc. New Spec. Pal. Foss., p. 82. 

· Coal Measures: Lasalle, Ill. 
1865. Terebratula geniculosa. McChesney, Illustrations New Spec. Pal. Foss., pl. 1, fig. 2. 

1869. Terebratula bovidens. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 37, pl. 1, figs. 2a-c . . 

Coal Measures: Lasalle, Ill. 
1872. Terebratula bovidens. .Meek, U. S. Geol. Surv. Nebraska, p. 187, pl. 1, figs. 7a-d, pl. 2, fig. 4. 

Upper: Coal Measures: Plattsmouth, Nebr.; Indian Creek, Kansas; Lasalle, Ill.; New Mexico. 

Coal Measures: Ohio, Iowa, Missouri, Kansas, Illinois. 

i873. Terebratula bovidens. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 572, pl. 25, fig. 15. 

Upper and Lower Coal Measures: Illinois. 
1874: Dielasma? bovidens. White, U.S. Geog. Geol. Surv. W. lOOth Mer., Prelim. Rept. In:rert. Foss., 

p.21. 

Car poniferous (Coal Measures) : (Far West. ) 

1877. Terebratula (Dielasma) bovidens. White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, 
p. 144, pf. 11, :figs. lOa-c. 

Carboniferous: Near Santa Fe, N. Mex.; a few miles south of St. George, U~ah; top of Grass 

Mountain, Ely Range, 30 miles north of Pioche, Nev. 

1884. Terebratula bovidens. White, Geol. Surv. Indiana, 13th Rept., p. 137, pl:32, figs. 17-19. 

Coal Measures: Perrysville, Eugene, Newport, Lodi, and Terre Haute (west of), Indiana; 

Posey, Warrick, Perry, and Crawford counties, Ind. 

1893. Dielasma bovidens. Hall and Clarke, Pal. . New York, vol. 8, pt. 2, pp. 295, 296, fig. 213; pL 81, 

figs. 29:-35. (Advance distribution in fascicles.) 

Upper Car?oniferous limestone: Kansas City, Mo.; Harrison County, Mo.; southern Indiana. 
1894. Dielasma bovidens. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 53, ' figs. 21-25. 

Carboniferous limestone: Harrison County, .Mo. 

1895. Terebratula bovidens. Keyes, Missouri GeoL Surv~, vol. 5, p. 105.. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1895. Dielasma bovidens. Hall aijd Clarke, Pal. New York, vol. 8, pt."2, pp. 295, 296, fig. V3; pl. 81, 
figs. 29-35. 

Upper Carboniferous limestone: Kansas City, Mo.; southern Indiana; Harrison County, Mo. 

1897. Terebratula hastata. Smith, Am. Phil. Soc., Proc., vol. 35, p. 30. 

Lower Coal Measures: Conway County, Ark. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 

1900. Dielasma bovidens. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 95. 

Upper Coal Measu es: Kansas City, Eudora, Lawrence, Lecompton, Topeka, Grand Summit, Kans. 

This species is rare· in the collections from Colorado. It has been found at but 
three localities, each of which bas furnished a single specimen. Two of these are 
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imperfect and the other is not quite typical so that it can not be said to have been 

certainly found in the State at all t:lO far as our collections are concerned. 
Locality and horizon.-San Juan region (station 2196cn; Hermosa formation. 

Crested Butte district (stations 2245, 2280); Maroon formation. 

HUSTEDIA Hall and Clarke, 1893. 

HUSTEDIA MORMON! lVIarcou. 

Pl. VII, figs. 12, 12a, 13. 

1858 (February). Terebratula mormoni. Marcou, Geol. North America, p. 51, pl. 6, figs. 11-llc. 

Mountain limestone: Salt Lake City, Utah. 

1358 (June). Retzia pttnctilijera. S~umard, Acad. Sci. St. Louis, Trans., vol. 1, p. 220. 

Upper Coal Measures: Audrain and Howard counties, Mo.; below mouth of Platte River, 

Nebraska; near Manhattan, at Willowsprings, on Santa Fe road, and headwaters of Verdigris 

River, Kansas. 

1859. Retzia mormoni. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 27. 

Upper Coal Measures: Manhattan and Leavenworth, Kans. 

1860. Retzia subglobosa. McChesney, Desc. New Spec. Pal. Foss., p. 45. 

Upper Coal Measures: Menard, Mason, Fulton, Peoria, Tazewell, Knox, and Marshall coun­

ties, Ill. 

1864. Retzia compressa. Meek, PaL California, vol. 1, p. 14, pl. 2, :figs. 7-7c. 

Carboniferous: Bass's Ranch, Shasta County, Cal. 

1865. Retzia subglobosa. McChesney, Illustrations New Spec. PaL Foss., pl. 1, fig. 1. 

1866. Retzia mormoni. Geinitz, Carb. und Dyas in Nebraska, p. 39, tab. 3, fig. 6. 

Upper Coal Measures: Plattsmouth, Nebr. 

1868. Retzia punctulijera. McChesney; Chicago Acad. Sci., Trans., vol. 1, p. 32, pl. 1, figs. la-c. 

Upper Coal Measures limestone: Menard, Mason, Fulton, Pt>oria, Tazewell, Knox, and Marshall 

counties, Ill. 

1872. R etzia punctulifera. Meek, U. S. Geol. Surv. Nebraska, p. 181, pl. l, fig. 13; pl. 5, fig. 7. 

Upper Coal Measures: Rock Bluff, Plattsmouth, and Nebraska City, Nebr. 

Coal Measures: Nebraska; Kansas; Illinois. 

1874. Eumetria punctulijera. Derby, Cornell Univ., (Science) Bull., vol. 1, No. 2, p. 4, pl. 8, figs. 

4, 5, 7, 8, 10; pl. 9, fig. 3. 

Coal Measures: Bomjardim and Itaituba, Brazil, and Pichis River, Peru. 

1875. Retzia mormonii. White, U. S . . Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 141, pl. 10, 

figs. 7a-c. (Whole volume published in 1877.) 
Carboniferous: Near Santa Fe, New Mex.; top of Grass Mountain, Ely Range, 30 ljliles north of 

Pioche, Nev. 

1875. Terebratula mormoni. Marcou, Acad. Sci. St. Louis, Trans., vol. 3, p. 252. 

1883. Retzia compressa. Kayser, Richthofen's China, vol. 4, p. 176, pl. 22, figs. 1-4. 

Upper Carboniferous: Lo-Ping, China. 

1884. Retzia radialis. Walcott (non Phillips) (pars), U. S. Geol. Surv., Mon., vol. 8, p. 220, pl. 7, :figs. 

5f-h (not figs. 5-5e). 

Upper Carboniferous: Eureka district, Nevada. 
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1884. Retzia mormonii. White, Geol. Surv. Indiana, 13th Rept., p. 136, pl. 35,:figs.·I0-12. 
Coal Measures: Indiana. 

1888. Retiia mormoni. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 231. 

Lower Coal Measures: Des Moines, Iowa. 

1893. Hustedia mormoni. Hail and Clarke, Pal. New York, val. 8, pt. 2, p. 120, fig. 106; pl. 51, figs. 

1-9. (Advance distribution in fascicl es.) 

Coal Measures: Near Kansas City, Mo. 

1894. Hustedia mormoni. Hall and Clarke, Int. Study of Brach., pt. 2, 'pl. 37, figs. 13-20. 

Coal Measures: Near Kansas City, Mo. 

1895. Hustedia mormoni. Hall and Clarke, Pal. New York, val. 8, pt. 2, p. 120, fig . . 106; pl. 51, 
figs. 1-9. 

Coal Measures: Near Kansas City, Mo. 

1895. R etzia mormoni. Keyes, Missouri Geol. Surv., val. 5, p. 95, pl. 41, figs. _2a-c. (Date of imprint 
1894.) 

Upper Coal Measures: Kansas City and Lexington, Mo. 

1896. Retzia radialis. Smith (non Phillips), Am. Phil. Soc., Proc., val. 35, p. 241. 

Upper Coal Measures: Sebastian County, Ark., and Poteau Mountain, Indian.Territory. 

1896. R etzia radialis. Smith (non Phillips), Leland Stanford Junior Univ. Publ.; Co~t. Bioi. · Hop­

kins Seaside Lab., N~. 9, p. 31. 

Upper Coal Measures: Sebastian County, Ark. , and Poteau Mountain, Indian Territory. 

1900. Hustedia mormoni. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 103, pl. 9, figs. 10-lOd~ · 
pl. 10, fig. 3. . • 

Upper Coal Measures: Fort Scott, lola, Kansas City, Lawrence, Lecompton, Topeka, Beaumont, · 
Kans. 

This also is one o£ the rarer species in our Colorado collections. . Tho.ugh abun­
dant in the Elk Mountains at station 2280, but £ew individuals have been collected 
elsewhere. 

Locality and horizon.-Crested Butte district (stations 2280, 2297, 2303, 2306); 
Maroon £ormation. 

PUGNAX Hall and Clarke, 1893. 

PuGNAX UTAH Marcou. 

Pl. VII, figs. 14-14b. 

1852. Terebratula pugnus. Roemer, Kreid. von Texas, p. 89 . . 

Carboniferous: San Saba Valley, Texas. 

1858. (February) Te~ebratttla uta. Marcou, Geol. North America, p. 51, pl. 6, figs. 12-12c. 

Mountain limestone:, Near Salt Lake City, Utah. 

1858. (June) Rhynconella ( Camarophoria) osagensis. Swallow, A cad. Sci. St. Louis, Trans., vol. 1, 
p. 219 . . 

Upper Coal Measures: Missouri and Kansas. 

1859. Rhynchonella uta. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 27. 

Upper Coal Measures: Manhattan, Kans. 

1861. Rhynchonella uta. Newberry, Ives's Colorado River Expl. Exped., p. 128 . 

. Upper Carboniferous: Near mo?th of Little Colorado River. , 
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1861. Rhynchonella spj:lcies. Salter, Geol. Soc. London, Quart. Jour., vol. 17, p. 64, -pl. 4, fig. 5. 

Carboniferous: Isthmus of Copacabana, Lake Titicaca. 

1866. Camarophoria globnlina. Geinitz, Carb. mid Dyas in Nebraska, p. 38, tab. 3, fig. 5. (Not C. 

globulina Phillips.) 

Upper Coal Measures: Bennett's Mill and Nebraska City, Nebr . . 

1872. Rhynchonella osagensis. :Meek, U. S. Geol. Surv. Nebraska, p. 179, pl. 1, figs. 9a, b, pl. 6, figs. 

2a, b. . 

Upper Coal Measures: Nebraska City, Nebr. 

Coal Measures: Iowa, Missouri: Kansas. 

Upper Middle, and Lower Coal Measures: Illinois. 

1873. Rhynchonella osagensis. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 571, pl. 26, 
fig. 22. 

Coal Measures: Danville, Ill., and Fulton County, Ill. 

1875. Rhynchonella uta . . White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 128, pl. 9, 

. figs. 2~-c. (Whole volume published in 1877.) 

Carboniferous: North Fork of Lewiston Canyon, Oquirrh Range, and at Meadow Creek, south of 

Fillmore, Utah. 

1884. Rhynchonellauta. White, Geol. Surv. Indiana, 13th Rept., p. 132, pl. 25, fig. 6. 

Coal Measures: Indiana. 

1891. Rhynchonella uta. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 247. 

Lower Coal Measures: Des Moines, Iowa. 

1893. Pugnaq; uta. Hall and Clarke, Pal. New York, vol. 8, pt. 2, p. 204, pl. 60, figs. 39-42. 
(Advance distribution in fascicles). 

Coal Measures: Manhattan, Kans. 

1894. Pugnax uta. Hall and Clarke, Int. Study of Brach., pt. 2, pl. 44, figs. 17-19. 

Coal Measures: Manhattan, Kans. 

· 1895. Rhynchonella 1.1ta. Keyes, Missouri Geol. Surv., vol. 5, p. 103, pl. 41, fig. 7. (Date of imprint, 

1895.) 

Upper Coal Measures: Kansas City and Lexington, Mo. 

1895. Pugriax uta. Hall and Clarke, Pal. New York, voL 8, pt. 2, p. 204, pl. 60, figs. 39-42. 

Coal Measures: Manhattan, Kans. 

1897. Rhynchonella uta. Smith, Am. Phil. Soc., Proc., vol. 35, p. 30. 

Upper Coal Measures: Sebastian County, Ark., and Poteau Mountain, Indian T.erritory. 

1900. Pugnax utah. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 93, pl. 12, figs. 7-7c. 

Upper .Coal Measures: Bronson, Bourbon County, Kansas City, lola, Olathe, Lawrence, Lecomp­

ton, Topeka, Beaumont, Grand Summit, Kans. 

This. also is a rare species, having been found at ~ut two localities. 
Locality and hoTizon . .,.-Crested Butte district (stations 2280, 2305); Maroon 

formation. 
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PELECYPOD A. 

AVICULOPECTEN McCoy, 1851. 

A VICULOPECTEN OCCIDENTALIS Shumard. 

Pl. VIII, fig. 1. 

1855. · Pecten occidentalis. Shumard, Missouri Geol. Surv., p. 207, pl. C, fig. 18. 

Coal Measures: Near Plattsburg, Clinton County, Mo. 

1858. Pecten cleav(3landicus. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 184. 

Permian: Valley of South Cottonwood, Kansas. 

1861. Pecten occidentalis. Ne~berry, Ives's Colorado River Expl. Exped., p. 128. 

· ·Coal Measures: Banks of the Stranger, above Easton, Kans; 

1864 . .A.viculopecten --? Meek and Hayden, Smithsonian Cont. Knowledge, -yol. 14, No. 192, p. 50, 

pL 2, :fig. 10.' 

Permian: Near Chapman's Creek, 18 miles above Fort Riley, Kans. 

1866 . .A.viculopecten occidentalis. Meek and Worthen, GeoL Surv. Illinois, Rept. , vol. 2, p. 331, pL 27, 

figs. 4, 5, 5a. 

Upper Coal M~asures: Saline Creek, Gallatin County, Ill. 

1866. Pecten missouriensis? Geinitz~ Carb. und Dyas in Nebraska, p. 35, tab. 2, fig. 18. 

Upper Coal Measures: . Nebraska City, Nebr. 
1872 . .A.viculopecten occidentalis. Meek, U. S. Geol. Surv. Nebraska, p. 191, pl. 9, fig. 10. 

Upper Coal Measures: Rock Bluff, Bennett's Mill, Wyoming, and Nebraska City, Nebr.; !lli­
nois, Missouri, Iowa, Kansas, Kentucky. 

Coai Measures: Black Hills, Dakota. 
1876 . .A.viculopecten occidentalis. White, Powell's Rept. Geol. Uinta Mountains, p. 90. 

Lower Aubrey group: 2 miles above Belleview, Utah. 

1877 . .A.viculopecten occidentalis. White, U:· S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 146, 

pl. 12, figs. Sa, b. 

Carboniferoue: Camp Apache, Ariz. 
1884 . .A.viculopecten occidentalis. White, Geol. Surv. Indiana, 13th Rept., p. 143, pl. 28, fig. 2. 

Coal Measures: ·pike and Gibson counties, Ind. 

1886 . .A.viculopecten occidentalis. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 455, 

:fig. 5a, p. 442, fig. 5. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886 . .A.viculopecten eccidentalis. Heilprin, Proc. and Call. Wyoming ilist. and Geol. Soc., vol. 2, pt. 

2, p. 270, fig. 5, p. 271, fig. 5a. 

Upper Coal Measures: Mill Creek lim~stone, Wilkesbarre, Pa. 

1891. .A.viculopecten occidentalis. White, U. S. Geol. Surv., Bull. No. 77, p. 29, pl. 4, fig. 1. 

Permian: Military Crossing, Baylor County, ~ex. 

1894. Aviculopecten occidentalis. · Keyes, Missouri Geol. Surv., vol. 5, p.llO, pl. 42, fig. 3. 

Upper Coal Measures: Plattsburg and Kansas City, Mo. 

1897. Aviculopecten occidentalis. Smith, Am. Phil. Soc., Proc., vol. 35, p. 34. 

Lower Coal Measures: Conway County, Ark. 
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1899. A1Yiculopecten occidentalis. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 578. 

Upper Coal Measures: McAlester quadrangle; Atoka quadrangle, 

1900. Amculopecten occidentalis. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 114, pl. 13, fig. 7. 

Upper Coal Measures: Turner, Eudora, Lawre:o.ce, Topeka, Wabaunsee County, Kans. 

1900. Amculopectenoccidentali8. Knight, Univ. ·wyoming, Wyoming Exp. Sta., Bull. No. 45, pl. 3, fig. 3. 

This species is rare and small in the collections from the Hermosa formation, but 

in those f:r:om the Rico formation it is usually both large and fai:rly abundant. 

The specimens from station 2219, in the Rico quadrangle, are poorly preserved, 

and some of them look much as if they might belong to Lima 1·etifera. The fact 

can not, however, be satisfactorily ascertamed, and since some of the specimens cer­

tainly do not belong to that species, it seems best to give the others no separate 

record. 

Locality and lwrizon.-San Juan region (stations 2219, 2231, 2337, 2340, 2341, 

2342, 234 7); middle portion of the Hermosa formation and common in the Rico for­

mation. Crested Butte district (station 2317 ?) ; Maroon formation. 

A VICULOPECTEN PELLUCIDUS Meek and W orthe.n. 

1860. Aviculopecten pelluci&us. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 455. 

Coal Measures: A~ams County, Ill. 

1866. Amculopecten pellucidus. Meek and vVorthen, Geol. Surv. Illinois, Rept., vol. 2, p. 327, pl. 26, figs. 

5a, b. 

Lower Coal Measures: Adams County, Ill. 

Only one specimen of this species has come to hand, and that broken. In its 
small size and cancellated surface ornamentation the specimen resembles Meek and 

Worthen's species, but a satisfactory identification is not possible. 

Locality and lwrizon.-San Juan region (station 2221); upper portion of the 
Hermosa formation. 

A VICDLOPECTEN RECTILATERARIUS Cox. 

1857. Amettla recta-laterarea. Cox, Geol. Surv. Kentueky, vol. 3, p. 571, pl. 9, fig. 2. 

Coal Measures: Union County, Ky.; Gallatin County, Ill. 

1898. Amcttlopecten rectilaterarius. Drake, Am. Phil. Soc., Proc., vol. 36, p. 405, pl. 9, fig. 6. Reprinted 

without change of date, page, etc., in Leland Stanford Junior University Pub.; Cont. Biol. 

Hopkins Seaside Lab., No. 14. 

Upper Coal Measures, Poteau group: In shale overlying the Mayberry coal at the mines 4 miles 

northwest of Poteau, Ind. T. 

1900. Amculopecten rectilaterarius. Beede, Univ. Geol. Surv. Kansal'l, Rept., vol.,· 6, p. 15. 

Upper Co~l Measures: Leavenworth, Wyandotte County, Kans. 

None of the material is well preserved, and from station 2226 (in the Rico quad­

rangle) but a single specimen was obtained. The fossils from Leadville received the 
same identification in the monograph of that region. a 

aU. 8. Geol. Snrv.- . Mon., vol. 12, 1886, p. 67. 
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Locality and liorizon.-San Juan region (station 2226); upper portion . of the 
Hermosa formation. Leadville district (station 2264); base of theW eber formation. 

A VICUJ.. .. OPECTEN? INTERLINEATUS Meek and Worthen. 

Pl. VIII, fig. 3. 

1860. A. viculopecten interlineatus. Meek and Worthen, A cad. Nat. Sci. Philadelphia, Proc., p. 454. 

Upper Coal Measures: Lasalle, Ill. 

1866. A.viculopecten interlineatus. ·Meek and Worthen, Geol. Surv. Iliinois, Rept., vo1. 2, p. 329, pl. 26, 

fig. 7a, b. 

~ Upper Coal Measures: Lasalle, Ill. 

1877. A.viculopecten f interlineatus. White, U. S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 149, 

pl. 11, fig. 3a. 

Carboniferous: Confluence of White Mountain and Black rivers, Arizona. 

1884. A.1;iculopecten(f) interlineatus. White, Geol. Surv. Indiana; 13th Rept., p. 145, pl. ·so, fig. 9. 

CoalMeasures: Indiana(?). 

1891. A. viculopecten interlineatus; Whitfield, New York A cad. Sci., Ann., vol. 5, p. 604, pl. 16, figs. 10, 11. 

Coal Measures: Hocking County, Ohio. 

1894. A.viculopecten? interlineatus. Keyes, Missouri Geol. Surv., vol. 5, p. 112, pl. 42, fig. 6. 

Upper Coal Measures: Kansas City, Mo. 

1895. A.viculopecten interlineatus. Whitfield, Geol. Surv. Ohio, Rept., ·vol. 7, p. 489, pl. 12, figs. 10, 11. 

Coal Measures: Falls Township, Hocking County, Ohio. 

1900. A.viculopecten interlineatus. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 116, pl. 13, fig. 6. 

Upper Coal Measures: Kansas City, Kansas. 

This well-marked species is represented by but two specimens, as usual . each 
from a different locality. Both valves ar-e present, one of which (the left) is shown 
by :fig. 3 on Pl. VIII~ Each of the broad concentric bands is terminated below by a 
thin, high ridge vertical to the surface, and there ar number of intermediate ridges 
which are considerably smaller and less prominent. 

The right valve has much the shape of the right valve of A. occidentalis. It differs 
from the left in having the anterior ear narrower and bounded below by a deep sinus. 
The surface is marked by broad concentric bands and delicate sublaniellose strire, but 
seems to lack the elevated ridges by which the opposite valve is characterized. The 
strire are more o;r less wavy and irregular. There are also indications of very faint, 
irregular, interm~ttent, radiating ribs which, though visible without , a glass, can 
only be seen in a favorable light. 

While the shape of the right valve of thi~ species is very like the corresponding 
one <?f .A. occidental is, the difference in surface characters is such that, when' once 
noted, there is little danger of mistaking one for the other. 

Locality and horizon.-Crested Butte district (station 2293); Maroon formation. 

I 
' 
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A VICULOPECTEN sp. a. 

Pl. VIII, fig. 2. 

_ Of this [little shell we have only the specimen which is illustr~ted by fig. 2 of Pl. 

VIII. I hare not been able to refer it satisfactorily to any of our numerous pectinoid 
species, but it seems to be closely related to A. coxanus Meek and "\V orthen. I would 
scarcely consider it identical with the Nebraska form which Meek identified with A. 
coxanus, but it so closely resembles the figure of the original reference that I would 

probably have referred it to Meek and Worthen's species if it were not that in their ' 
figure the ears are clearly shown to be marked with radiating ribs, a character which 

my specimen does not possess. Besides this character, it differs from the Nebraska 

form in having the strire finer and more crowded. Of these, there are 17 or 18 in the 

space of 5 mm. They are thin and sharp, somewhat alternating, and separated by 
intervals slightly greater than their own thickness. There are also faint concentric 
growth .lines, and these are the only markings which appear upon the rather broad 
ears. 

Locality and horizon.-,--Ouray (station 2194); Hermosa formation. 

A VIGULOPECTEN sp. b. 

From Ouray we have a single specimen of an undetermined but fine and striking 

species of Aviculopecten. The fossil is crushed and very imperfect, and its configu­
ration can not be ascertained. It is a large shell, however, and must have had a 
length of 45 mm. or more. The . surface is marked bjr coarse, regular, somewhat 

flattened, rigid ribs, of which near the outer margin there are about 6 or 7 in the 

space of 10 mm. They are separated by fiat shallow grooves about as wide as, or 
sometimes a little wider than, the intervening ribs. · The whole is crossed at intervals 
of about 1 mm. by very regular, , '·,rongly lamellose concentric strire. 

This is a fine, large, and well-characterized species, and, as far as I have ascer­

tained, it is as yet undescribed. 

Locality and horizon.-Ouray (stat~on 2194); Hermosa formation. 

ACANTHOPECTEN new subgen. 

This name is proposed to receive Aviculopecten carbon~ferus Stevens, and while · 
at present no higher significance is assigned to it than as subgeneric to Aviculopecten 
(or possibly Lima) it is not improbable that it will subsequently be found to take 

rank as an independent genus. 
The large, angular plications of this species and its spinose rim and growth lines 

give it an expression so strongly marked that even upon the consideration of" its 
superficial characters I would be dispos'ed to separate it from the more usual types 
referred to Aviculopecten, and Meek, who was, I believe, the first to suggest that it 

14364-~o. 16-03----27 
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belonge~ to a hitherto undescribed gel} us, poi~ ted out characters which, if not the 
result of imperfect preservation, as seems unlikely, would certainly entitle it . to such 
a position. He says "The only specimens of this species I have seen consist 
entirely of what seems to be the thin outer layer of the shell, in which there appears 

to be a prismatic structure, as seen by the aid of the microscope and' a strong· trans­
mitted light. They show no flattened cardinal plate, but a furrow along ·the inner 

side of the hinge margin of each valve. The cardinal plate or area was doubtless 
composed, as in other cases, of the inner laminated portion of the shell, that has 
been destroyed during the fossilizing pTocess; if not, it would seem to be a new 
genus."a 

The very characteristic spines with which Acanthopecten . is armed, projecting 
from the surface and from the margin, are suggestive of a genus to be developed at 
a much later geologic period, Spondyl'us, in which the spines often play an impor­
tant part in the matter of surface ornamentation. 

AcANTHOPECTEN CARBONIFERUS Stevens. 

1858. Pecten carbonijerus. Stevens, Am. Jour. Sci., (2), vol. 25, p. 261. . 
Coal Measures: Crooked Creek, Marion County, Ill. 

1863. Pecten broadheadii. Swallow, Acad. Sci. St. Louis, Trans., vol. 2, p. 97: 
Upper Coal Measp.res: Harrison County, Mo. 

1866. Pecten hawni. Geinitz, Carb. und Dyas in Nebraska, p. 36, tab. 2, :figs. 19a, b 
Coal Measures: Nebraska City, Nebr. 

1872. Aviculopecten carbonijerus. Meek, U.S. Geol. Surv. Nebraska, p. 193, pl. 4, :fig. ·8; pl. 9, ·:figs. 4a, b. 

Upper Coal Measures: Nebraska City, Nebr. 

Coal Measures: Iowa; Illinois; West Virginia. 

1874. Aviculopecten carbonijerus. Meek, Am:. Jour. Sci., (3), vol. 7, p. 489. 

1884. Aviculopecten car!Jon~ferus. White, Geol. Surv. Indiana, 13th Rept., pt. 2, p. 144, pl. 28, :figs. 5-6. 

Coal :Measures: Lick Branch, near Silverwood, Fountain County, and in Vermilion County, Ind. 

1887. Aviculopecten carbonijerus. Herrick, Sei: Lab. Denison Univ., Bull., vol2, p. 67, pl. 3, :fig. 13. 

Coal Measures: Flint Ridge, Ohio. 

1894. Aviculopecten carbonijerus. Keyes, Missouri Geol. Surv., vol. 5, p.lll, pl. 43, :fig13. 4a, b. 

Upper Coal Measures: Kansas City, Mo. 

1897. Aviculopecten carbonijerus. Smith, Am. Phil . Soo, Proc., vol. 35, p. 33. 

Lower Coal Measures: White and Conway counties, Ark 

_1900. Aviculopecten carbonifer·us. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 117, pl. 13, :fig. 9. 

Upper Coal Measur8s: Kansas City, Turner, Eudora, Lawrenee, Lecompton, Topeka, Kans. 

This strongly characterized spenies seems to be· rare in the Colorado Carbonif-:. 
erous faunas. It has been found at but few localities, and is represented by no more 

tha:n a single specimen at each. 
Locality and horizon.~San Juan region (stations 2~04, 2205, 2226, 2238, 2342); 

upper portion of the Hermosa formation and in the Rico formation. Leadville 

region . (station 2259). 

aU. 8. Geol. Surv. Nebraska. 1872, p. 194. 
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ENTOLIUM Meek, 1865. 

E:NTOLIUM? sp. 

There is only one specimen representing this species. It is too poor for deter­
mination, and ·is considered here only because it seems to form the basis for the 

identification which is recorded in the faunal list of the Leadville monograph. a 

Locality and horizon.-Leadville district (station 2275); upper portjon of the 

Weber formation. 

STREBLOPTERIA McCoy , 1851. 

STREBLOPTERIA TENUILINEATA Meek and Worthen. 

1860. Pecten tenuilineatus. Meek and ·worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 452. 

Upper Coal Measures: South line of Clinton County, Ill. 

1866. Streblopteria? tenuilineata. Meek and 'Vorthen, Geol. Surv. Illinois, Rept., vol. 2, p. 334, pl. 26, 

figs. 9a, b. 

Upper Coal Measures: South line of Clinton County ~ Ill. 

We have this species from three localities, but it is represented by only a single 
specimen at each. The material is fragmentary as well as 8canty, so that it is identi­
fied with some doubt. The surface appears to be the same in all, but is best shown 

by the example from station 2221 (Rico quadrangle, Sandstone Mountain), which is 
as to other characters very imperfect. Even with a glass only faint concentric strire 
can be made out, which partake rather of the nature of growth lines than of orna­
mentation. A small area on the specimen from Ouray (station 2195b) shows very 
fine radiating strire, which may be due to shell structure, or possibly to mineraliza­

tion. The largest and most perfect specimen is that last mentioned. In size and 

configuration it closely resembles the right valve of Streblopteria tenuilineata. The 
anterior ear, however, shows some faint markings which might be interpreted as ribs 

if it could be shown that they are not accidental. This character rather suggests the 
form Euclwndria neglecta Geinitz, but the shape is not right for that species. A 
smaller somewhat less perfect example from station 2216 (Rico quadrangle, Sand­

stone lYiountain) has the shape of the larger one just mentioned, but the anterior ear 
is clearly seen to be marked with rather lamellose concentric strire without a trace of 

ri.bs. I am not confident, owing to the fragmentary character of one of the speci­
mens that all three belong to the same species, but those from stations 2216 and 2195b 
are probably conspecific with each other and with the species cited above. 

Locality and horizon.~San Juan region (stations 2216, 2221); upper portion of 
the Hermosa formation. Ouray (station 2195b); Hermosa formation. 

aU. S. Geol. Surv. , Mon., vol. 12, 1886, p . 70. 
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MODIOLA Lamarck, 18Cn. 

MoDIOLA? SUBELLIPTICA Meek. 

1866. Clidf!phorus (an Pleurophorus) occidentalis. Genitiz Carb. und Dyas in Nebraska, p. 23, tab. 2, 

fig. 6. (Not Pleurophorus occidentalis M. & H., 1858.) 

Upper Coal Measures: Nebraska City, Nebr. 

1872. Modiolal subelliptica. Meek, U. S. Geol. Surv. Nebraska, p. 211, pl. 10, fig: 5. 

Upper Coal Measures: Nebraska City, Nebr.; Riverside, 3 miles below Atchison, ~ans. 

1881. Pleurophorus subcostatus. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Supp., 
Appendix, p. xxvii, pl. 3, fig. 8. 

Carboniferous: Coyote Creek, New Mexico. 

1900. Modiola subelliptica. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 136. 

Upper Coal Measures: Topeka, Kans. 

This form is represented by only two specimens found each at a different 

locality. 'It is probable that it does not belong, strictly speaking, to the genus 
JJfodiola, but it ii:l so thin and delicate that characters of hinge and muscle scars are 
not shown. 

The form from New Mexico which White identifies with Pleuroplwrus subcos­
tatus I am convinced, from a direct comparison of specimens, belongs -with this 
species. 

Locality andhorizon.-San Juan region (stations 2221, 2233); upper portion of 
t.he Herm.osa formation. 

MYALINA de .Koninck, 1844. · 

MY ALINA CUNEIFORMIS Gurley. 

Pl. VIII, figs. 14-17. 

1883. ~fy~lina cuneijormis. Gurley, New Carb. Foss., Bull. No. 1, p. 4. 

Upper Carboniferous: Ouray, Colo. 

Through the courtesy of the geological department of the University of Chicago, 
I have been enabled to examine the type specimens of Hyalina cuneiformis and to 

illustrate the species partially from Gurley's original material. 
The original description of M. cun.eif01•mis is given in the following terms: 

"Shell small, nearly or quite equivalve, long, narrow, attenuated with prominent 
straight subangular umbonal ridge extending from the small, sharp-, pointed te1~minal 
beaks across the shell to the posterior basal margin, attaining its greatest prominence 
about one-fourth of the length of the shell from the beaks, where the thickness of 
the shell is equal to two-thirds its greatest width. 

"Cardinal margin nearly straight, extendipg almost half the length of the shell 
and g:r:acefully curving into the posterior margin, which is slightly flattened and 
oblique, regularly rounding down and around, joining the anterior basal margin just 
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anterior to the posterior extremity of the umbonal ridge, from thence the basal 
margin passes in a straight line to the beaks. 

"The anterior basal area is nearly straight, flat, broad; slightly gaping and very 
much depressed, a great portion of the surface being almost on the same plane with 
the urn bonal ridges. · 

"Surface marked by fine concentric lines of growth, which are barely perceptible 
along the more prominent parts of the shell. 

"Length, 15 mm.; breadth, 5.5 mm; greatest thickness, 4 mm. 
"This species somewhat resembles 1¥. perattenttata, M. & H., but is rea

1

dily 
distinguished from that shell by its more angular and prominent umbonal ridge, 
flattened , depressed anterior basal area, and by being more attenuated. 

"Position and locality.-From a hard, dark micaceou::; sandy shale belonging to 
the Upper Carboniferous series and probably equivalent to the Middle Coal Measures, 
Ouray, Colo." 

With the types of both species before me the differences pointed out by Gurley 

by which M. cuneiformis might be distinguished frctn M. perattenuata do not in the 
main hold good, though for the present at least I shall retain his species as d~stinct. 

M. perattenuatct seems to have the umbonal ridge directed at a slightly less acute 
angle with the hinge line. It is possibly proportionally more elongate and has the 

posterior cardinal angle better marked. This portion of the shell has the appearance 
of being truncated (if the present specimens are not imperfect). The shape of 

M. perattenuata, in other words, approaches a parallelogram, that of M. mtneiformis 
a triangle. 

At station 2314 in the Crested Butte region were collected seve~al slabs of black 

limestone abundantly covered with a small species of Hyalina in fragments and entire 
valves, which is closely related to jJf. cuneiformis Gurley. The geologic horizon 

is also probably the same. Though a number of individuals were collected, all the 

material is so badly weathered that only one or two specimens are at all available for 

illustration, while the entire series affords but an unsatisfactory concept of the species. 
Since examining the types of Gurley's species I am somewhat more inclined to 

doubt the correctness of the identification of these Crested Butte fossils than when 

dependence was placed upon his description alone. I have not, however, altered the 
identification originally set down, but leave the decision a~ to its correctness to be 

decided by more complete material. 
The configuration which my specimens originally possessed can at present only 

be estimated, but so far as I can judge the angle between the umbonal ridge and the 

hinge line is somewhat less acute than in the types. 

Locality and horizon.-Originally described from the lowest exposed Carbonifer­
ous beds at Ouray, probably the same as station 2195. Crested Butte district (station 

2314); Weber limestone. 
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MYALINA WYOMINGENSIS Lea. 

Pl. VIII, figs. 8, 9, 10, 11, 12, 13. 

1853. Modiolawyomingensis. Lea, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 2, p. 205, pl. 20, fig. 1a. 

Coal Formation: Wilkesbarre, Pa. 

1886. Modiola wyomingensis. Claypole, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, 

p. 247. 

Lower Coal Measures: Wilkesbarre, Pa. 

1898. Myalina wyomingensis. Weller, U.S. Geol. Surv., Bull. No, 153, p. 365. 

Shell of medium size; shape, subtriangular to subquadrangular. Hinge line 
straight, long; beak nearly but not quite terminal. U mbonal ridge well marked, 
meeting the hinge line at an angle of about 45° . Anterior outline sinuate, converg­
ing below with the umbonal ridge, which becomes less elevated in this direction. 
The posterior outline is often nearly straight in its upper portion and parallel with 
the anterior margin, but it is more strongly curved below and its junction with the 
anterior outline is su:bangular. The shape of such a specimen r~sembles that of a 
parallelogram. In some examples, however, the hinge line is proportionately longer, 
and the posterior margin makes a more or less regular, obliquely directed curve 
from the hinge line to its union with the anterior outline. The shape resulting is 
subtriangular, and all gradations exist between the two. Variation precisely similar 
i~ seen in Myalina permiana Swallow. The elongated form Swallow describes as 
.M. p ermiana/ to the triangular one he gave the name .M. cmwava. This fact has 
been pointed out by Meek and Hayden, a who place the latter species in the syn­
onymy of the former. · I do not consider this variation of specific importance iri the 
case of M. wyomin'gensis, and certainly it seems no more than varietal in the case of 
M. permiana. 

The surface seems to be marked by lamellose strioo, which are particularly prom­
inent on the peripheral areas of the shell. 

This species is closely related to M. p ermiana and shows many points of resem­
blance. At first, indeed, I identified my material with Swallow's. species with but 
little reserve, but a critical revision has compelled me to recall this decision. The 
differences which distinguish them reside chiefly in the anterior portion of the shell. 
In 111. permiana the umbones are termin~l and the umbonal ridge is so near the 
anterior outline that where the chief emargination of the latter occurs the urn bonal 
ridge actually overhangs the shell margin. In _2Jf. wyominqensis the umbones are 
not quite terniinal and there is always a more or less well-developed anterior lobe. 
The anterior outline is farther from the umbonal ridge in the upper part of the 
shell, and the anterior side there falls away less abruptly than is the case below, 
where, though the ridge is not so high, it f::!lopes off to· the plane of the shell edge in 

rrSmithsonian·cont. Knowledge, vol. 14, No. 172, 1865, p. 52. 
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a direction nearly normal to the latter. The anterior lobe seems to be always more 

or less developed, and though the extreme form in one direction comes · close to 
M. per1niana, it is even then strong enough to differentiate the two. 

M. wymningensis also resembles M. aviculoides, but a comparison of my material 

with the type specimens of the latter leaves n1e convinced that they are distinct. I 
need only point out the strong curve of the umhonal ridge at its upper end and its 
direction below for most of its length at nearly right angles to the hinge line. Other 

points of varianee will readily be seen by comparing the figures of the two species. 

But perhaps the most similar form is M. swallcnvi McChesney, which it:~ a modioli­
form shell much resembling M. wyomingensis in shape, but with a sharper backward 

sweep of the umbonal ridge. In Lea's species also the junction of the cardinal and 
the posterior outline is angular, while in McChesney's form the posterior outline mergeR 

imperceptibly into that of the cardinal margin. However, no comparison with 

JJ£. swallowi seems to be necessary, because there is evidence for believing that it is 
generically distinct. It bas a rather strong individuality of expression when com­

pared with other specimens of JJfyalina, and certainly seems to show ~tructnral differ­
ences which make its removal from de Koninck's ~genus desirable. . Meek a was, I 
believe, the :first to call attention to this fact. Specimens from several localities 

preserved as internal casts show that this form does not possess the massive striated 
hinge plate which characterizes Myalina, but that, on the other hand, the cardinal 
margin is thin and linear, with a long cartilage groove. It would seem, therefore, 
that Jlf. swallowi should be removed from Myalina. It can be referred, provi­

sionally at least, to Modiola. 
I hardly need compare with M. kansasensis, which, while it is somewhat similar, 

lacks the interior lobe of Lea's species and is distinguished from all others known to 
me by the fluted lamellre with which the surface is covered. 

The preceding description and comparisons are based upon material from the 
Rico formation of the San Juan region which I had prepared to publish as a new 

species when fortunately there came into my hands the types of Myalina wyoming­
ensis, which Lea described in 1853, from the Northern Anthracite :field of Pennsylvania. 
I find that my Rico fo~sils, which post:~ibly hold about the same geologic horizon as 

the Pennsylvania fauna; agree in the closest manner with the types of M. wyoming­
ens'£s, and I can not consider their specific identity as doubtful. A~ I shall seek an 
earl}r opportunity to redescribe, refigure, and discuss from the type material ~ll of 

Lea's species whose characters have so long been problematical, 1 have not intro­
duced at this place typical :figures for comparison. 

Myalina wyomingensis is extremely abundant at Scotch Creek (station 2340). 
What I take to be the same form occurs also at Graham, Young County, Tex., and 

aU. S. Geol. Surv. Nebraska, etc., 1872, p. 202. 
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at Beaumont, Butler County, Kans. A single specimen from the Leadville region 

also has been referred here. It can not . be identified with certainty, but seems t6 be 
nearest to M. rwyomingensis. 

Locality and lwrizon. --San Juan region (stations 2340, 2341, 2342, 234:5, 2349); 
Rico :formation. Leadville district (station 2257); base of the vVeuer formation. 

MY ALINA SUBQUADRATA Shumard? 

Pl. VIII, :figs. 6, 7. 

1-855. Myalina subquadrata. Shumard, Missouri Geol. Surv., p. 207, Pl. C, fig. 17. 

Upper Coal Measures: On Missouri River, .2 miles below the mouth of tJ:le Little Nemaha. 

1864. Myalina subquad;ata. Meek and Hayden. (pars), Smithsonian Cont. Knowledge, vol. 14, No. 

172, p. 32. 

Coal Measures: Leavenworth City, Kans. 

1866. Myalina snbquadraia. Geinitz, Carb, und Dyas in Nebraska, p. 27, tab. 3, :figs. 25, 26: 

Upper Coal Measures: Nebraska City, Nebr. 

1872. Myalina subquadrata. Meek, U.S. Geol. Surv. Nebraska, p. 202, pl. 4, :fig. 12; pl. 9, fig. 6. 

Upper Coal Measures: Nebraska City, Bennetts Mill, and Bellevue, Nebr. 

1884. Myalina subquadrata. White,' Geol. Surv. Indiana, 13th Rept., p. 140, pl. 29, :figs. 1, 2; pl. 30, 

:figs. 1, 2. 

Upper Coal Measures: Knox, Gibson, and Posey counties, Ind. 
1886. Myalina subquadrata. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. · 456; 

p. 446, fig. 15; p. 454, fig. 15a. ' 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Myalina subquadrata. Heilprin, Pr.oc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, 

p.' 273, fig. 15a; p. 274, fig. 15. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1895. Myalina s'ubquadrata. Keyes, Missouri Geol. Surv., vol. 5, p. ll8, pl. 44, figs. la, b, 2a, b. 

(Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Myalina subquadrata. Beede, Univ. Geol. Burv. Kansas, Rept., vol: 6, p. 138, pl. 16, :figs. 10, lOb. 

Carboniferous: Kansas City, Melvern (Osage County), Topeka, Lawrence, Kans. 

1900. Mycilina subquadrata. Knight, Univ. Wyoming, Wyoming Exp. Sta., Bull. No. 45, pl. 3, fig. 1. 

This well-known and widely distributed species is represented in several of the 

collections examined, and by a number of specimens. In the Rico formation of the 
San Juan region it is abundant and attairts a large size, especially on the Dolores 

River (station ~343) and on Scotch Creek (station 2340). I have identified it also in 
the Hermosa formation of the same region, in Big Percent Creek (station 2200), and 
on the west side of the Animas Valley (station 2205). In the Hermosa :formation, 

however, it is represented by .a few small shells, .fragmentary and poorly preserve~. 

Associated with the larger specimens at station 2205 an isolated left valve was found 

having a smaller size and a more oblique shape. The length along the hinge line is 
only 13 mm. and the axis is inclined to the hinge at an angle of about 45°. The gen-
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eral appearance of the shell is quite unlike M. S'ubquadrata, but the growth lines on 

mature sttbquadrata show that certain of its younger stages must have closely resem­

bled the shell under discussion, even suggesting the form commonly referred to JJ£. 
swallowi. I have therefore provisionally incluqed this specimen under the common 

title of JY£.11alina S?.tbqurtdrata, though a different course might have resulted from the 

consideration of more complete material. 

Most of this material exhibits departures more or less extensive from the type . 

for which the name was originally proposed, and I am not sure that they ean appro­

priately be considered to belong to Shumard's species, except as well-marked varie­

ties. Two diverse types are shown by figs. 6 and 7 of Pl. VIII. In one case it was 

necessary, as indicated in the figure (7), to considerably restore th~ originally broken 

specimen, but the lines of growth have been followed as faithfully as possible, and 

the shape represented is probably close to the original. 

Locality.and lwrizon.-San Juan region (st~tions 2200?, 2205?, 2340, 2341,2342, 

2344, 2345); upper portion of the Hermosa f<!>rmation, and abundant in the Rico 

formation. 
MY ALINA PERATTENUATA Meek and Hayden? 

1858 . . lfvalina (Mytelus) perattenuata. Meek and Hayden, Albany Inst., Trans., vol. 4, p. 77. 

Permian: Smoky Hill Fork, Kansas and i\llissouri rive~s. 

1859. Myalina (Mytilus) perattenuata. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 28. 

Upper Coal Measures: Smoky Hill River, Kansas. 

1864. Myalina perattenuata. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, p. 32, 

pl. 1, figs. 12a, b. 

Coal Measures: Oppos~te the northern boundary of Missouri on the Missouri River. 

1866. Myalina perattenuata. Geinitz, Carb. und Dyas in Nebraska, p. 27, pl. 2, figs. 10, 11. 

1873. Myalina perattenuata. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 582, pl. 26, fig. 11. 

Coal Measures: Springfield, Illinois. 

1891. Myalina pe1·attenuata. ·white, U. S. Geol. Surv., Bull. No. 77, p. 28, pl. 4, figs. 13-15. 

Permian: Goodwin Creek and Military Crossing, Baylor County, Tex.; Camp Creek, Archer 

Cmmty, Tex. 
1895 . . 1lfyalina perattennata. Keyes, Missouri Geol. Surv., vol. 5, p. 118. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Myalina perattenuata. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 141, pl. 16, fig. 8. 

Upper Coal Measures: Topeka, Kans. 

After eliminating the types referred to Niyalina subquad'rata and to JJ£. 
wymningensis several specimens remain, unfortunately in not very good condition, 

which resemble Meek and Hayden's species cited above. The shell, however, is a 

large one, as the fact that the larger examples exceed 100 mm. in length will attest. 

Some of these also approach JJ£. exasperata Beede . . Doubtless, were the material less 

imperfect, it would be possible to make a more satisfactory determination, and the 

identification might not in every case be Myalina_perattenuata. 
Locality and horizon.-San Juan region (stations 2337, 2340); Rico formation. 
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M YALIN A PERNIFORMIS Cox? 

1857. Myalina pernajormis. Cox, Geol. Surv. Kentucky, vol. 3, p. 569, pl. 8, fig. 8. 

Coal Measures: Providence, Hopkins County, Ky. • 

At station 2187 was obtained a single specimen of Myalina which I have referred 
to ¥11alina perniformis. Its somewhat crushed condition prevents a satisfactory 
reference. The shape and size, which gives a measurement of 31 mm. in the longest 
diameter, are almost precisely those of H. perniformis as illustrated ~y Cox. The 
surface is largely exfoliated. The portions which remain, however, lead me to 
believe that it did not have the strong concentric, almost fimbriating, lines of growth 
described by Cox. My specimen is related also toM. apachesi and J.1£. perattenuata, 
but it is nearest M. perniformis. It also resembles the species which I have referred 
toM. cuneiform-is Gurley, but differs from it in having the umbonal ridge slightly 
less oblique to the hinge line, and in having a somewhat more quadrate shape. 

Locality a;nd horizon.--San Juan region (station 2187); Molas formation. 

· POSIDONIELLA de Koninck, 1885. 

PosrnoNIELLA PERTENUIS Beede? 

1895. _nzacunopsis carbonaria. Keyes, Missouri Geol. Surv., vol. 5, p. 108, pl. 43, fig. 9 (date of 

imprint 1894). 

Upper Coal Measures: Kansas City, Mo. 

1899. Posidonomya pertenuis. Beede, Kansas Univ. Quart., vol. 8, p. 127, pl. 32, fig. 5. 

Coal Measures: From near the dam at Lawrence, Kans:, and from the same stratum at Camerons 

Bluff, 3 miles up the river. 

i900. Posidonomya? pertenuis. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 136, pl. 19, fig. 5. 

Upper Coal Measures: Lawrence, Kans. 

This form is represented by a single specimen obtained at station 2341 in the 
Rico formation (Scotch Creek). Although not very perfectly preserved, the charac­
ters, made out _as well as possible, would indicate that this specimen in its specific 
relations is very close to that which Keyes figures as Placunopsis carbonaria (see syn­
onymy). Bee~e has called attention to the fact that this shell is quite unlike the form 
to which Meek and Worthen gave the name P. carbonaria. Although the latter is 
characteristically ornamented with radial markings, Meek and Worthen . themselves 
figure a shell as Pl. carbonar~:a (their fig. 2b), which seems to be smooth, and which 
bas, moreover, mqch the shape of Keyes's specimen. It would appea·r very much 

· as if Meek and Worthen's fig. 2b and possibly also their fig. 2d belonged t.o the 
same species as the one figured by Keyes, and that this type were distinct from P. 
ca~rbonaria. Beede also suggests that P. carbonaria of :Keyes may belong to the 
species which he describes as Posidonomya? perten'ltis. P. pertenuis is represented 
by Beede's·.figure as being a rather elongate form, and as Keyes's figure shows a 
nearly circular one the difference in shape is somewhat against this view. Never-
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theless I have accepted it provisionally in identifying my Colorado specimen. The 

latter has a length of 33 mm. and a width slightly greater. The shape is thuJ shown 

to be a little transverse, and it is nearly bilaterally symmetrical. The convexity is 
moderate and is greatest just below the beak, which is small, incurved, and but 

_ slightly projecting. The hinge line, which is straig·ht and about 18mm. long, merges 
easily into the nearly circular outline. 

Comparing this specimen with Keyes's :figure the straight hinge line seems to be 

a trifle longer and the beak in curved instead of erect. Supposing it to be the oppo­
site valve the shape is otherwise nearly identical. 

Both of these ·forms differ from the type of P. pertenuis in being more nearly 
circular. My specimen differs also in having the hinge line represented on both sides 
of the beak. 

Inasmuch as the structural characters of these forms are not known, and as 
dependence has to be placed in determining their generic position upon their general 
configuration, it seems that they would be more correctly referred to Posidoniella 
than to Posidmwmya. 

Locality and lwrizon.-San Juan region (station 2341); Rico formation. 

PSEUDOMONOTIS Beyrich, 1862. 

PsEUDOMONOTIS HA WNI Meek and Hayden. 

1858. Monotis hawni. Meek arid Hayden, Albany Inst., Trans., vol. 4, p. 76. 

Permian: Near mouth of Smoky Hill Fork of Kansas River and Helena, Kans. 

1859. Monotis hawni. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 28. 

Upper Coal Measures: South of Kansas Falls, Smoky Hill River, and Cottonwood Creek, Kansas. · 

1864. Eumicrotis hawni. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, p. 54, 

pl. 2, figs. 5a-c .. 

Permian: Near mouth of Smoky Hill Fork of Kansas River and between there and Council 

Grove; also on Cottonwood Creek, Kansas. 

1884. Eumicrotis hawni. White, Geol. Surv. Indiana, 13th Rept., p. 142, pl. 30, fig. 10. 

Upper Coal Measures: Indiana. 

1886. Eumie1·otis hav.mi. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 455. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Eumicrotis hawni. Heilprin, Proc. and Coli. Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, p. 271. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1899. Pseudomonotis cf. hav.mi. Beede, Kansas Univ. Quart., vol. 8, No. 2, p. 83, pl. 19, figs. 1-lj. 

Upper Coal Measures: Turner, Wyandotte County, Kans.; Clemento, Topeka, Lawrence, Kans. 

1900. Pseudornonotis hawni. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 132, pl. 13, figs. 11-llc; 

pl. 15, fi·gs. 1-lj, 2, 2a. 

Upper Coal Measures: Turner, Lawrence, near Topeka, Kans. 

Four representatives of this species were found at station 2341 (Scotch Creek) in 

the Rico formation, and it seems to be fairly abundant there. This material has 
been compared with the tyues of Meek and Hayden's species and the identification 
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is believed to be correct. A single .poorly preserved specimen which appears to 
belong to the same species was :found in the Hermosa :formation on the west. side of 
Anima~ Valley (station 2205). 

LocaUty and horizon.-San Juan region (stations 2205 ?, 2342); upper portion o:f 

the Hermosa :formation and in the R!co formation. 

PSEUDOMONOTIS E9UISTRIATA 'Be-ede. 

Pl. VIII, .fig. 5. 

1899. Pseudomonotis hawni equistriata: Beede, Kansas Up.iv. Quart., vol. 9, p. 82, pl. 18l figs. 3-3b. 

Upper Coal Measures: Turner, Wyandotte County, Kans. / 

1900. Pseudomorwtis hawni equistriata. Beede, Univ. Geol. Surv. Kansas; Rept., vol. 6; p. 134, pl. 14, 

figs. 3-3b. 

Upper Coal Measures: Turner, Kans. 

Of this form but one specimen has come to hand. It differs :from that referred. 
toPs. kansasent5is chiefly in being more convex and in having its _strire persistently 

and regularly unequal, and :from Ps. hawni in having them finer and witp. much less 
disparity between the coarser and the finer ones. The species t~ which tb.is speci­

men belongs seems to be closely related to, if not identical with, Beede's Pseudo­
monotis hawni var. equistr.iata. 

Locality and lwrizon.-San Juan region (station 2342); ·Rico :formation. 

PsEUDOMONOTIS KANSASENSIS Beede. 

Pl. VIII, fig. 4. 

1858. Monotis radialis. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 187. 

Upper Permian: Smoky Hill Fork, Kansas. 

1866. Avicula speluncaria. Geinitz, Carb. und Dyas in Nebraska, p. 28, tab. 2, fig. 12. 

Upper Coal Measures: Nebraska City, Nebr.: Council Grove, Kans. 

1872. ~seudomonotis radialis? Meek, ·u. S. Geol. Surv. Nebraska, p. 201, pl. 9, fig. 3.
1 

Upper Coal Measures: Nebraska City, Nebr. 

1887. Of. Pseudoinonotis radialis. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 145, pl. 14, 

fig. 26. 

Coal Measures: Flint Ridg;e, Ohio. 

1899. Pseudomonotis'! tenuistriata. Beede, Kansas Univ. Quart., vol. 8, p. 81; pl. 18, figs. 1-1d; pl. 19, 

fig. 3. 

Upper Coal Measures: Turner, ·wyandotte County, Kans. ; Topeka, Kans.; Auburn, Shawnee 
County, Kans. 

1900. Pseudomonotis kansasensis. Beede, Univ. Geol. Surv. Kansas, Hept., vol. 6, p. 133, pl. 14, figs. 
1-ld. 

Upper Coal Measures: Turner, Topeka, Auburn (Shawnee County), Kans. 

Only one specimen bas come to hand representing this species, which seems to 
be the one Beede described as Pseudomonotis? tenuistriata, but it differs :from typical 
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examples in being more contracted at the hinge line and in having the anterior ear 

more clearly defined. In the synonymy of this form probably belongs Pseudomo 
notis radiaUs Phillips~ of Meek, .and possibly also Aviculct speluncularria Geinitz, 
as suggested by M.eek. · 

Some of the figures given by Meek and .Wortb(m of a form which.tbey referred 

to Placunopsis with the specific name P. carbonar·ia a so much resemble Beede's fig·ures 

of Pseudmnonotis kansasensi~ as to suggest that the former species is generically, if 
not specifically, related to the latter. I am unable to make direct comparisons with 
specimens, as the Illinois form is not represented in our collections. 

Locality and horizon. -San Juan region (station 2342); Rico formation. 

PsEUDOMONOTIS sp. 

This species is represented primarily by a specimen of medium size and preser 

vation from Marguerite Creek (station 2344) in the Rico formation, but to it I have 
also referred two smaller and less perfect examples from. two other stations in the 

same . formation. 

In shape this shell much resembles the form which Beede described as Pserudo~ 

monotislwwni var. equistriata and figured on pl. .14 of his report.b It is a narrow, 
elongate speCies, having a length of about 19 mm. and a transverse diameter at the 

wid~st ·point of a~out 15 mm. At the hinge line the width is 10 mm. 
The posterior ear is flattened and scarcely disting·uished by a gentle sinuosity in 

the outline. The anterior ear is rather inflated and it is defined by a very distinct 

emargination or notch. The posterior outline is nearly straight in its upper portion, 
which meets th.e binge line at a slightly obtuse angle. It has a gentle outward curve 
below, and the inferior outline is strongly rounded. The anterior outline is withdrawn 

into a well-marked sinus beneath the anterior ear. The shell is rather strongly 
inflated. 

The surface is marked by a number of moderately distinct wrinkles of growth. 

· The ribs are very obscure~ somewhat alternating in size, and not distributed with 
precise regularity. There are 8 or 9 in the space of 5 mm. 

The foreg'oing description is derived from the large example already mentioned. 
The two other specimens are much smaller and much less perfect. Their length is 

slightly over 10 mm. The shape, as well as it can be determined, is similar . to that 
. of the larger example whose description has just been given. The surface seems to 
be without radial ribs. 

The nearly obsolete character of the surface ornamentation in these · specimens 

might seem to indicate that they are right valves, but the shape and strong convexity 

a Geol. Surv. Illinois, Rept., vol. 5, 1873, pl. 27, figs. 2b and 2d. 

bUniv. Geol. Surv. Kansas, Rept, vol. 6, 1900, p. 134, pl. 14, fig. 3. 
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may be taken as evidence that this is not the case. They seem to be quite distinct · · 

from any American species·yet described. 
Locality and horizon.-San Juan region (stations 2341, 2344, 2345); Rico for­

mation. 

MONOPTERIA Meek and Worthen, 1866. 

MoNOPTERIA POLITA_ White. 

1880. Anthracoptera polita. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1; 

p. 166, pl. 42, figs. 5a, b. 

Coal Measures: Major's Mill, Vermilion County; Ill. 

1895. Monopteria sp. Keyes, Missouri Geol. Surv. , vol. 5, pl. 46, fig. 10. (Date of imprint, 1894.) 

Upper Coal Measures. 

I have long harbored a belief, to which I now venture to give expression, that 
A nthracoptera polita White properly belongs to the genus Monopteria. The recent 
exposition of Naiadites ( = Anthracoptera), which we owe to Dr. Wheelton Hind, a 

makes it .highly probable that a shell with the configuration shown by White's figures 
does not belong in Dawson's genus, and in · the same characters this fossil strongly 
suggests the genus to which it is now referred. This resemblance and the associa­
tions which arise from it have received some expression in geologic literature. I 
gave no doubt that the shell figured by Keyes as J.1fonopteria sp. is a representative 
of Anthracoptera polita, and Beede and Rogers practically suggest a generic relation- . 
ship when describing .1lfonopteria ? subalata by comparing their form with White's 
species. The former, it may be remarked, seems to be correctly referred to JJ£onop­
teria if one may judge by its shape and by the other characters noted by its authors, 
but I would suggest that it is possibly founded upon young specimens of Jlf. longi­
spina. The growth lines in that form indicate that the auricle is comparatively 
undeveloped in its younger stages, taking on the alate condition gradually on advanc­
ing to maturity. Immature shells of JJ£. longispina as outlined by growth lines on 
larger individuals have exactly the shapes of the types of JJ£. subalata. · 

. I have identified Monopteria poli ta in the Rico formation, where it is associated 
with another shell .believed to representK. alata Beede. The relatiopship of these 
species appears to be so close, however, that they should hardly be regarded as more 
than varietally distinct. At the same time I would .be unwilling for the present to 
admit that they were specifically the same. 

Locality and horizon.-San Juan region (station ~342); Rico formation. 

MoNOPTERIA LONGISPINA Cox. · 

1857. Gervilla longispina. Cox, Geol. Surv. Kentucky, vol. 3, p. 568, pl. 8, fig. 6. 

Coal Measures: · Providence, Hopkins County, Ky. 

a Mon. on Carbonicola, Anthracomya, and Naiadites; Paleontograph. Soc., 1894-1896. 
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1894. Monoptera longispina. Keyes, Missouri Geol. Surv., vol. 5, p. 114, pl. 43, fig. 1. 

Upper Coal Measures: Kansas City, Mo. 

1900. Lirnopteria longispina. Beede, Uriiv. Geol. Surv. Kansas, Rept., vol. 6, p. 127, pl. 16, fig. 6. 

Upper Coal Measures: Kansas City, Turner, Lawrence, .Kans. 

The form which I have referred to .hfonopteria longispina has been found_ only in 

the Rico formation, and it is represented at station 2341 _(Scotch Creek) by two very 
imperfect specimens. The .acooraey of the identification is qua'hfied by the character 
of the material. 

The strongly curved umbonal ridge and prolonged posterior portion of this form 
give it a shape much resembling that of .M. marian and .11£. longisp1;na, but the 

retracted anterior margin would prevent its reference to the first-named species. 
Locality and horizon.-San Juan region (station 2341); Rico formation. 

MoNOPTERIA ALATA Beede. 

Pl. IX, fig. 3. 

1898. Monopteria gibbosa alata. Beede, Kansas Univ. Quart., vol. 7, p. 189, :fig. 5. 

1900. Limopteria alata. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 130, pl. 5, :fig. 5. 

Upper Coal Measures: Turner, Lawrence, Kans. 

Shell small, subpentagonal. Hinge line straight, about once and one-hal£ as 
long as the width below. The body of the shell is marked by two angulations, the 
antedor one almost perpendicular to the hinge line, the other diagonally directed, 

nearly bisecting the an~le thus formed. The anterior angulation is near the margin 
of the shell, which falls away very rapidly along this line. The anterior outline, 
therefore, is subrectHinear and is inclined to the hinge line at but little more than a 

right angle. An abrupt curve connects it with the inferior outline, which is also 

subrectilinear and nearly parallel to the hinge line. Where it intersects the diago­
nal angulation there is another sharp turn to a direction nearly normal to that which 

it had formally been pursuing. Continuing thus for a short distance it begins to 

assume a backward course, and, with a sigmoid curve, joins the superior outline. 
The posterior alation thus formed is strong, but broad and blunt. The surface is 

marked by numerous fine, regular, suhlamellose strim, crowded in the upper regions 
of the shell, but becoming spaced peripherally. The description just given is drawn 

up from the only specimen which has thus far been found. The fact that the body 
of the shell in this form is short and nearly erect instead of bending backward into a 

diredion more or less parallel with the hinge line, distinguishes it from JJ£. longis­
pina and M. marian, and also to a less degree from JJ£. subalata and JJ£. gibbosa, and 

allies it more especially with JJ£. alata and JJ£. polita. I at one time regarded this 
form as representing a new variety subordinate to JJ£. polita, but now feel that it 
should not be distinguished from JJ£. alata. Although it is true that certain differ-



432 CARBONIFEHOUS ' FORMATIONS ,AND FAUNAS OF COLORADO. 

ences can be pointed out between my specimen and Beede's figure, they hardly seem 
to exceed such as might be reasonably ascribed to difference in age or to individual 
peculiarity. Certainly the expression of the two shells is very similar. On the 
other hand, the relationship between ·M. polita and M. alata is so close, at least in so 
far as it finds expression in external form, that I doubt whether the latter should be 

considered more than a varietal aspect of White's species. 
Locality and horizon.-San Juanregion (station 2342); Rico formation. 

A VICULOPINNA Meelr, 1867. 

A VICULOPINNA ? PERACUTA Shumard. 

Pl. IX, figs. 1, 2. 

1858. Pinna peracuta. Shumard, Acad. Sci. St. Louis, Trans., vol. 1, p. 214. 

Upper Coal Measures: Iowa Point, Nebraska; Kansas. 

1S60. Pinnaadamsi. McChesney, Desc. New Spec. Pal. Foss., p. 74. 

Coal Measures: Lasalle, Ill. 

1872. Pinna pe1·acuta. Meek, U.' S. Geol. Surv. Nebraska, p. 198, pl. 6, :figs. lla,b. 

Upper Coal Measures: Bennett's Mill, Wyoming; Nebraska City, Plattsmouth, Rock Bluff, and 

Bellevue, Nebr. 

Coal Measures: Iowa, Nebraska, Kansas, Missouri, an,d Illinois. . . 
1875. Pinna peracuta (?). White, U. S., Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 151, pl. 

11, :fig. 5a. (Whole volume published in 1877.) 

Carboniferous: Near Relief Spring, Ariz. 

1884. Pinna peracuta. White, Geol. Surv. Indiana, 13th Rept., p. 145, pl. 28, figs. 1, 2. 

Upper, Middle, and Lower Coal Measures: Indiana. 

1886. Pinna peracuta. Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol.. 2, pt. 2, p. 272, 

fig. 12; p. 273, :fig. 12a. 

Upper Coal Measures: Mill Creek limestone, vVilkesbarre, Pa. 

1886. Pinnap'eracuta.. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for1885, p. 455; p. 444, :fj.g. 
12; p. 454, :fig. 12a. · 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1892. Aviculopinna. peracuta. Hyatt, Boston Soc. Nat. Hist., Proc., vol. 25, p. 388. 

1895. Pinna pera.cuta.. Keyes, Missouri Gebl. Surv., vol. 5, p. 116, pl. 45, figs. 2a, b (date of 

imprint, 1894). 

Upper Coal Measures: Kansas City, Mo: 

1899. Pinna pera.cuta.. -Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 579. 

Upper Coal Measures: McAlester quadrangle; Atoka quadrangle . . 

1900. Pinna peracuta. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 144, pl. 17, :figs. 3, 3b. 

Upper Coal Measures: Kansas City, Lawrence, Topeka, Kans. 

Meek described .A1Jiculopinna in 1864, a designating for its type Pinna prisca 
Munster=.Avicula pinn(J3forrnis Geinitz.b He says· of the genus (loc. cit. p. 212): 

"The typical species is an elongated, thin, nearly or quite equivalve shell, with 
the narrow tapering general form and very long hinge line of Pinna; from 

a Am. Jour. Sci., (2), vol. 37,1864, p. 212. h Dyas, p. 77; ·pl. xiv, figs. 1, .2, 3, and 4. 
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which it differs in not having its beak terminal, but set back some distance from 
the rather obtusely pointed anterior extremity. The beaks, however, are depressed 
and scarcely distinct from the cardinal margin, and the general aspect of the shell 
seems to be intermediate between that of Pinna and Avicula 1¥odiola." 

At the time of writing Meek was unacquainted with the constitution of the shell 

m Aviculopinna, but later a he found that in the case of A. ame1'icana, a name 

which he proposed for Avicula pinniforrnu:s Geinitz (non. Geinitz, 1866), the very 
thin substance of the shell had a prismatic structure '~like that of other types of the 

Aviculidre." There is, in fact, an inner nacreous layer covering at least part of 

the shell, but this had probably disappeared, through leaching, in the specimens . , 
examined by Meek. 

It seems generally to have escaped recognition that Hyattb in 1892 referred 
Pinna p ercwuta Shumard to Meek's genus A viculopinna, and at the same time he 
recorded having observed both the prismatic and the nacreous layers in that species. 

The latter were found to be ''not present at the posterior part of one specimen of 

A . peracuta for at lead one-half of the entire length, as estimated." He was not, 
however, able to study the distribution of the nacreous layer satisfactorily. 

One who reads Hyatt's brief discussion of the Pinnidre above referred to can 

not but be struck by the closeness which Aviculopinna maintains to the nomencla­
turally older g·enus Pinna. 

The character chiefly relied on by Meek as differentiating Aviculopinna from 

Pinna appears to have been the nonterminal position of the beaks of the latter genus 
and the attendant condition of possessing a small anterior lobe. Hyatt remarks 
regarding this feature in Pinna: 

"Unfortunately the apex in all specimens of the Pinnidre is destroyed by attri­
tion. This is doubtless due to the habit of living partly buried in the sand. There 
is therefore no way of proving that the umbones are absolutely terminal, as has been 
generally asserted in all descriptions. The umbones are doubtless more nearly ter­
minal than in Aviculopinna, but it is not safe to go beyond this assertion * * * "c 

The fact that while all recent shells have lost the beak and anterior lo.be a 

number of Carboniferous specimens have been found retaining them is significant, 

and would appear either to support Hyatt's statement or else to indicate that 
the habits of these. Paleozoic shells were different from those of their living 

representatives. 
, As already noticed, Hyatt found the nacreous layer in Aviculopinna .C! peracuta 

to be absent for at least half the length, while in Pinna the fibrous layer alone often 

occupies more than half the entire length. a 

He describes the outer layer of the shell of Pinna as fibrous, while that of 
· Aviculopinna is spoken of as prismatic, indicating a distinction which is more 

a Am. Jour. Sci., (2), vol. 44, 1867, p. 28~. 
b Proc. Boston Soc. Nat. Hist., vol. 25, 1892, p. 338. 

14364-No. 16-03-2R 

cibid., p. 337. 

dibid., p. 336 .• 
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strongly suggested in his remark that Aviculopinna is ''a true Aviculoid, both on 

aecount of the anterior wing and also because, as stated by Meek, his A1.Jiculopinna 
americana has the prismatic layer which is characteristic of this group." What 

Meek doe!:! say in the passage referred to is that " it has the prismatic. shell structure 
of the allied Pinna and A1Jimtla groups." Agreeing with this expression, nearly 

all general treatises describe the shell of both the A viculidre and the Pinn~.dre as 
prismatic. 

Between shells refen~ed to Aviculopinna? peracuta and Aviculopinna some 
well-marked and GOnstant differences are maiQ.tained . . Perhaps the most obvious of 

these is the character of the surface ornamentation, Aviculopinna? peramda being 
nearly smooth, while the Avicttlopinnas are marked by strong, equally distant, 

lamellose projections. The direction of these, and the . shape of the posterior 

extremity also seems to constitute a rather constal}t differentiating character, since 
in Aviculopinna? pe1•acuta the posterior cardinal angle is more or less acute, while 
in Aviculopinna it is sometimes obtuse, giving the outline below a backward swing. 

The apex in Aviculopinna.'? pera01.da has never, I believe, been observed, so that 
jt is not known whether the beaks were terminal or not. 'The convexity of the 

valves probably does not . form a reliable character, since in these shells the 

curvature is often modified by compression. 

It appears ~hat the shell structure of Pinna and Aviculopinna are practically 
identical, the relative extent of the nacreous and prismatic layers not differing 
materially in the fossil and living forms. The nacreous layer in Aviculopinna appears 

to be entire, and this circumstance would ally the genus rather with Atrina than with 
J>inna itself. The accepted difference as to the position of the urn bones in the two 

genera, on the strength of which chiefly the genus Aviculopin1La was proposed, can not 
now be proved, and is perhaps not real. On the other hand, the surface ornamentation 

of Aviculopinna is not known in either Pinna or Atrina, and seem~:! to be quite 
characteristic of that group, and to a less degree the straight, inferior margin ~nd 
regular slowly enlarging shape and the linear thickening along the cardinal border. 
It seems to me, therefore, that the uniti~g of Pinna ~r Atrina and Aviculopinna is not 

to be considered. Aviculopinna? peracuta seems to agree with Atr?:na and Aviculo­
pinna in the undivided condition of its nacreous layer, while there is nothing dis~inc~ 
tive in the relative extent of it compared with the prismatic layer. In the gradual 
regular enlargement of the shell, and in po.ssessing a cardinal 'thickening, this species 
is allied to Av.iculopinnct and differs from Pinna and Atrina. The nearly smooth 

surface and extended cardinal line distinguish it strongly from the .A 1Jiculopinna 
group, but the unplicated, unstriated surface distinggishesz it from the living Pinna 
and Atrina, almost equally with the lamellose striation of Aviculopinna. Av·-lculo­
pinna? peracut0 seems to be more closely allied to Aviculopinna and Atrina than to 
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Pinna, and I will for the present accept Hyatt's assignment of it to the former genus. 

The persistent ditferences in shape an"d surface between Aviculopinna? peracuta and 

the other Aroiculopinnce would serve to discriminate two groups under Aviculopinna, 
and they seem to me as constant and important a:-:; tho::;e upon which Sulcatopinna 
was based. It should be remarked, however, that Pinna includes both shells having 

an acute posterior cardinal angle, like Avim..tlop'z'nna peracuta, and an obtuse one, like 

the other Aviculopinnce. 

A very imperfect specimen of A1Jiculopinna .~ pe1•acuta has been obtained from 

the Hermosa formation in the San Juan region. It has the smooth surface and 

elongate hinge line, with forward sloping growth lines, which characterize that 
species in the lVlississippi Valley. The convexity, which may have been reduced by 

flattening, is in this specimen very slight, while the maximum height is 48 mm. 

Another still more fragmentary example has been obtained from the Weber 

formation of the L eadville district. Its surface ornamentation is not retained, so 

that an estimate can not be formed of its original shape. It appears to have been 

a large, long form with subparallel upper and lower margins, and I doubt if it is 

conspecific with the form from the San Juan. ·The shell, so far as preserved, is 

composed largely, perhaps wholly, of a rather thick prismatic layer. 

Locality and lwrizon.-San Juan region (station 2205); upper portion of the 

Hermosa formation. Leadville district (station 2257); base of the Weber formation. 

A VICULOPINN A NEBRASKENSIS Beede. 

Pl. IX, figs. 1, 2. 

1901. Aviculopinna nebrascensis. Beede, Kansas Acad .. Sci., Trans., vol. 17, p. 186, pl. 13, fig. 1-1d. 

Permian: Gage County, Nebr. 

The collections from Colorado occur in a dark, siliceous limestone of the Rico 

formation, where the species is quite abundant. In size, some of the specimens must 

have been at least 8 inches long-as large as the ordinary Pinna peracuta. The 

growth lines are of course parallel to the lower and posterior margins of the shell, 

~nd are separated by intervals more or less ·proportional to its dimensions. They are 

very crowded, somewhat indistinct, and occupy but a small space · along the inferior 

margin, disengage themselves when they assume an upward direction, and end 

abruptly at the hinge line, which they meet at an angle of about 60° . Where paral­

lel to the posterior margin, they are regularly spaced (about 1 mm. apart), and their 

lamellose character is well shown. This appearance is present when the shell has a 

diameter of about 35 rum. The shell substance is seen to be composed of two layers, 

the outer one being distinctly prismatic, the prisms of course normal to the two 
surfaces, and an inner one, which in these specimens is coarsely crystalline. The 
surface of contact between these two structural elements is naturally one of cleavage, 
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and it frequently happens that the outer layer adheres to the matrix and the Inner 
to the internal cast of specimens. The direction or the growth lines indicates that 
th~ posterior outline is that of Aviculopinna, having a backward swing and an 
obtuse posterior cardinal angle. This feature is liable to variation, the posterior out­
line in some specimens being more nearly a right angle. The one phase is repre­
sented by fig. 1 of ~I. IX, and the other by fig. 2. In restoring the outline, which 
has been done in the case of these two figures, it -is difficult to estimate from the 
existing parts what shape the missing ones would _have bad; and conseq~ently I sus­
pect that the backwai·d sweep in fig_. 1 is represented as somewhat too great. The 
shell in fig. 2 is largely exfoliated, but one small fragment shows the surface to have 
beenmarkedwith spaced lamelhe like that represented by fig. 1. 

This shell resembles quite closely the figures given by Beede of the species from 
the Nebraska Permian, which he describes as Aviculopinna nebraskensis. Certain 
differenc~s in detail of shape are obvious, but they hardly, it seems to me, validate 
the recognition of my Colorado specimens as belonging to a distinct species. 

Locality and horizon.-San Juan region (stations 2341, _2342); Rico formation. 

CHJENOMYA Meek, 1864;. 

CH1ENOMYA LEAVENWORTHENSIS Meek and Hayden. 

1858 .. Allorisma t leavenworthensis. Meek and Hayden, Acad. Nat. Sci. Philadelphia, Proc., p. 263. 

Coal Measures: Leavenworth, Kans. 

1864. Cha;nomya leavenworthensis. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, 

p. 43, pl. 2, figs. la-c. 

Coal Measures: Leavenworth, Kans. 

1866. Allorisma leavenworthensis. Geinitz, Carb. und Dyas in Nebraska, p. 15. 

1872. Cha;nomya leavenworthensis. Mee~, U. S. Geol. Surv. Nebraska, p. 216, pl. 2, fig. 9. 

Upper Coal Measures: Rock Bluff, Nebr.; Leavenworth, Kans. 

Coal Measures: Iowa, Missouri, Illinois. 

1895. Cha;nomya leavenworthensis. Keyes, Missouri Geol. Surv., vol. 5, p. 131. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Chamomya leavenworthenSis. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 172, pl. 19, figs. 

3-3b. 

Upper Coal Measures: Kansas City, Lawrence, Kans. 

Two specimens ft'om station 2200 (Big Percent Creek, in the San Juan region) 
by their general configuration and widely gaping posterior e~tremities leave little 
doubt of their generic relationship. They are, however, considerably crusped, and 
there is an element of specific uncertainty in their identification. Similarly tinc­
tured with doubt is the identification of a single small specimen from station 2219 
(south of Marguerite Draw). Another isolated specimen from Sinbads Valley (sta­
tion 53285), imperfect, though rather well preserved, probably belongs to the same 
species as the above. 
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Locality and lwrizon. -San Juan region (stations 2200, 2219 ?) ; upper portion 
of the Hermosa formation. Dolores River region, Sinbads Valley (station 2285); 

top of the Hermosa formation. 

ALLERISMA King, 1844. 

ALLERISMA TERMINALE Hall. 

Pl. IX, figs. 4, 5, 6. 

1852. AUerisma terminalis. Hall, Stansbury's Exped. to Great Salt Lake, p. 413, pl. 2, figs. 4a, b. 

Carboniferous: Big Blue River. 

1852. Allorisma regularis 7 Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, pl. 5, fig. 13. 

Carboniferous: Missouri River at Wayne City. 

1858. Allorisnw subcuneata. Meek and Hayden, Acad. Nat. Sci. Philad~lphia, 1: : s:;, :p. 263. 

Upper Coal Measures: Leavenworth, Kans. 

1860. Allorisma ensiformis. Swallow, Acad. Sci. St. Louis, Trans., vol. 1, p. 656 

Coal Measures: Clay, Mo. 

1864. Allorisma subcuneata. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, p. 3'7, 

pl. 1, figs. lOa, b. 

Coal Measures: Leavenworth, Kans. 

1866. Allorisma subcuneata. Geinitz, Carb. und Dyas in Nebraska, p. 14. 

Upper Coal Measures: Plattsmouth and Wyoming, Nebr.; Kansas. 

1872. Allorisma subcuneata. Meek, U. S. Geol. Surv. Nebraska, p. 221, pl. 2, figs. lOa, b. 

Upper Coal Measures: Rock Bluff, 2~ miles southwest of Nebras]ia City, Wyoming, and Platts­

mouth, Nebr.; Leavenworth and Atchison, Kans. 

Upper and Lower Coal Measures: Illinois. 

1875. Allorisma subcuneata (var. ). White, U. S. Geog. Geol. Surv. W. lOOth Iv_;:c,~ , ~?~t. 7 vol. 4, p. 

155, pl. 12, figs. 7a, b. ("Whole report published in 1877.) 

Carboniferous: Near Agua Azul, N.Mex. 

1876. Allorisma subcuneata. White, Powell's Rept. Geol. Uinta Mountains, p. 91. 

Lower Aubrey Group: Confluence of Grand and Green Rivers, Utah. 

1881. Allorisma subcuneata? White, 2d Ann. Rept. D.ept. Stat. and Geol. Indiana, p. 518, pl. 8, 

figs. 1, 2. 

Coal Measures: Edwardsport, Knox County, Ind. 

1884. Allorisma subcuneata.. White, Geol. Surv. Indiana, 13th Rept., p. 148, pl. 31, figs. 1-3. 

Coal Measures: Indiana. 

1886. Allorisma subcuneata. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 457, 

fig. lOa, p. 444, fig. 10. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Allorisma subcuneata. Heilprin, Proc. and Coil. Wyoming Hist. and Geol. Soc., vol. 2, pt. 2, 

p. 272, fig. 10, p. 276, fig. lOa. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Allorisma subcuneata. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 34, pl. 4, figs. 1, 2. 

Coal Measures: Flint Ridge, Ohio. 

1895. Allorisma subcuneatum. Keyes, Missouri Geol. Surv., vol. 5, p. 129, pl. 47, figs. 5a-c . . (Date of 

imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 
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1900. Allorisma subcu/neatum. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 169, pl. 20, figs. 1-1b. 

Upper Coal Measures: Westport (Missouri), Kansas City, Mont Ida (Anderson County), 
Lawrence, Lecompton, Topeka, Elmont, Grand Summit, Kans. 

This form seems to have appeared in literature under a number of different 
names, several of which have chronological priority over Aller'Z:sma ·subcuneatum. 
"YV eller is d()ubtless correct in referring . Plwladornya elongata Morton to Allerisma, 
and it seems likely that it is the same form which was subsequently described l:;>y 
Meek and Hayden. Allerisma terminale Hall also antedates A. subcuneatum, and 
·was, I am confident, proposed. for the <same specific -type. -:Meek suggests that 

A. en81"forrni8 Swallow is probably a synonym of A . sttbcuneat1.un, and several others 

of Swallow's names may also prove to be synonyms. A. capax Newberry is 
probably distinct. 

The first described of these forms was A. elongat1.tm., and I believe that this 
name will ultimately supplant the more familiar A. 8ubcuneatum. I have used 
Allerismct terminale for this species, while regarding it as 'highly probable that the 

other names were proposed for it, because this is the only instance in which I have 
been able to convince myself of their _identity by direct comparison of material. 

Alleri8ma terminate was described from the same region as A. subcuneat'!lm and 
seeming'ly from the same horizon and the same beds . . When the type specimen of 

A. terrninale is compared with the types of A. subcuneatum and other typical mate­
rial, it becomes clear that it is only a smaller example of the same · spe~ies, somewhat 

distorted by pressure. The specimen shows compression in an unmistakable manner. 
The direction in which the force was applied is from above, and the effect upon the 
valves have been to lessen their height, exaggerate their convexity, and to thrust 
the urn bones forward from their natural position so as almost to overhang the ante­

rior edge of the shell. 
Allerisrna terminale is abundant in . the Rico formation, especially at statio~ 

2342, someof the specimens attaining a large size. Associated with the normal type 
is a comparatively much shorter form, an example of which is represented by fig. 

6 of Pl. IX. It is possible that this should be r egarded as_ a distinct variety~ 

In its proportions it approache:::~ the specimoo from New Mexico which White figured 
as Allerisrna ~?..tbcuneatum var. The latter is possibly a little more elongate and is 

more strongly corrugated by concentric ridges, though this difference is likely due to 
preservat.ion. From the Hermosa formation a small imperfect specimen has come to 
hand. It is like White's specimen ·in the particular . of its strongly rugose ·surface, 

but is perhaps a trifle more elongate, and though considerably smaller than ~ully 

grown 4· terminale probably had, when complete, about the same proportions. 
Locality and lwrizon.-San Juan region (stations 2204, 2342); rare in the upper 

portion of the Hermosa formation, and abundant in the Rico formation. 
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SEDGWICKIA McCoy, 1844. 

SEDGWICKIA TOPEKENSIS Shumard~ 

1858. Leptodomus topekaensis. Shumard, Acad. Sci. St. Louis, Trans., vol. 1, p. 208. 

Coal Measures: Missouri River bluffs, a short distance below mouth of Kansas River. 

1864. Sedgwickia topekaensis? Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14,.No. 172, p. 40, 

figs. A, B. 

Coal Measures: Leavenworth City, Kans. 

1891. Sedgwickia topekaensis. White, U. S. Geol. Surv., Bull. No. 77, p. 26, pl. 4, fig. 11. 

Permian: Goodwin Creek, Baylor County, Tex. 

1895. Allorisma topekaensis. Keyes, Missouri Geol. Surv., vol. 5, p. 128. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Sedgwickia topekaensis. Bee'de, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 171, pl. 20, fig. 3. 

Upper Coal Measures: Top~ka, Kans. 

Two poorly preserved Specimens from the mouth of Marguerite Creek (station 
2345) seem to belong to -this species. They resemble very closely~ as far as their 
characters are shown, the · specimen figured by Meek and Hayden as belonging to 
Shumard's species. 

Locality and horizon.~San Juan region (station 2345); Rico formation. 

sc:::;1.:ZODUS King, 1844. 

ScHIZODUS cuNEATUS Meek~ 

Pl. 9, fig. 10. 

1875. Schizodus cuneatus. Meek, 1Pal. Ohio, vol. 2, p. 336, pl. 20, fig. 7.· 

Lower Coal Measures: Put:o.am Hill and Flint Ridge, Ohio. 

1886. Schizodus cuneatus? Heilprin, 2d Geol. Surv. Pennsylvania, ~nn. Rept. for 1885, p. 456, fig. 9a, 

p. 442,' fig. 9. 

Upper Coal Measures: Mil~ Creek limestone, Wilkesbarre, Pa. 

1886. Schizodus cuneatus? .Heilprin, Proc. and Coll. W yoming Hist. and Geol. Soc., vol. 2, pt. 2, p. 

275, fig. 9. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Schizodus cuneatus (?). He11rick, Sci. L~b. Denison U~iv., Bull., vol. 2, p. 42, pl. 4, fig. 23. 

Coal Measures: Flint Ridgr, Ohio. 1 
1896. Schizodus cuneatus. Smith, Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside 

Lab., No. 9, p. 35. 

Upper Coal Measures: Crawford County, Ark. 

Lower Coal Measures: Conway County, Ark. 

1896. Schizodus cuneatvs . Smith, Am. Phil. Soc., Proc., vol. 35, p. 245. 

Upper Coal Measures: Crawford County, Ark: 

Lower Coal Measures: Conway County, Ark. 

This species has been found at three localities and seems not to be rare. It is a 
large shell and closely resembles Meek's type in its shape. The latter, however, is 
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said to be "compressed," meaning, it is inferred, not very convex. · My Colorado 
specimens, however, are strongly arched and show more modeling about the anterior 

portion than is seen in Meek's figure, the umbones being well defined. These shells 
also resemble Scldzodus ovatus, but aside from being very much larger they have the 

umbones less central than that species. . 
Locality and horizon.-San Juan region (stations 2340, 2341, 2342); Rico forma-

tion. 
ScHrzonus MEEKANU s Girty. 

_ 1871. Schizodus wheeleri (pars). Meek, U. S. Geol. Surv. Nebraska, p. 209, pl. 10, figs. 1a, b, c, d (and 

1e, lf?). 

Upper Coal Measures: Adams and Union counties, Iowa. 

1894. Schizodus wheeleri (pars). Keyes, Missouri Geol. Surv., vol. 5, p. 123, pl. 46, figs. 3a, b. 

Upper Carboniferous· (Upper Coal Measures): Kansas City, Mo. 

1899. Schizodus meekanus. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 583, pl. 72, figs. 

7a-7c. 

Upper Coal Measures: Atoka q{J.adrangle. 

One large elongate specimen from station 2337~ in the San Juan region, agrees 
closely with the types of this species . . The identification is made with some confidence. 

Locality and horizon.-San Juan region (station 2337); Rico formation. 

ScHrzonus PANDATUS Cirty? 

1899. Schizodus pandatus. Girty, U.S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 583, pl. 72, fig. 5a. 

Upper Coal Measures: McAlester quadrangle. 

In the red calcareous sandstones of the Rico formation, from which collections 
were made'at stations 2340, 2346, and 2348, shells belonging to the genus Schizodus 
are extremeiy abundant. · The preservation is unfortunately so poor that I am unable 
to ascertain definitely whether one or a larger number of speeies are pr:esent. 
Some of the more perfect specimens, however, seem to have the shape of Schizodus 
pandatus, and to that species I have referred the whole col]ection, except a few speci­

mens from station 2340, identified as Schizodus cuneatu8. In fact, it may be said of 

the whole representation of Schizodus that the shells are too poorly preserved or too 
fragmentary to permit of wholly satisfactory identification. 

Locality and horizon. -San Juan region (stations 2340, 2345, 2346, 2348); Rico 

formation. 
ScHrzonus sp. 

At station 2205, on the west side of the Animas Valley, in the San Juan region, 
a single specimen of Scn~:zodus was obtained. Both valves are preserved, but both 
are more or less crushed, and the original shape can only be ascertained by a process 
of estimation. It is one of the suborbicular types with, however, ~ well-marked 
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posterior truncation. The maximum transverse diameter is only about 15 mm., and 
the shell resembles the type referred by Meek to Schizodus rossimtS de Vern. ? a more 

perhaps than any other. Schizodlf;s symmetricus Calvin b is another similar though 
larger species, and Soh. ajfinis Herrickc is also closely related. 

Locality and hor·izon.-San Juan ·region (station 2205); upper part of Hermosa 
formation. 

NU CULA Lamarck, 1801. 

NucuLA VEN'i'RICOSA Hall? 

1858. Nucula vent1·icosa. Hall, Geol. Surv. Iowa; vol. 1, pt. 2, p. 716, pl. 24, figs. 4, 5a, b. 
Coal Measures. 

1872. Nucula ventricosa. Meek, U. S. Geol. Surv. Nebraska, p. 204, pl. 10, figs. 17a-c. 

Upper Coal Measures: Nebraska City and Rock Bluff, Nebr. 

Lower Coal Measures: West Virginia. 

Coal Meaures: Illinois. 

1882. Nucula ventTicosa. White, Geol. Surv. Indiana, 11th Rept., p. 371, pl. 42, figs. 9, 10. 

Coal Measures: Sullivan County, Ind. 

1884. 1Vucula ventricosa. White, Geol. Surv. Indiana, 13th Rept., p. 146, pl. 27, figs. 9, 10. 

Coal Measures: Sullivan County, Ind. 

1888. Nucula ventricosa. Key;es, Acad. Nat. Sci. Philadelphia, Proc., p. 233. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Nuctda ventricosa. Keyes, Missouri Geol. Surv., vol. 5, p. 121, pl. 45, figs. 3a, b. (Date of 
imprint, 1894.) 

Lower Coal Measures: Clinton, Mo. 

Upper Coal Measures: Kansas City and Gentry, Mo. 

1896. Nucula t'entricosa. Smith, Leland Stanford Junior Univ. Pnbl.; Cont. Biol. Hopkins Seaside Lab., 

No.9, p. 35. 

Lower Coal Measures: Conway County, Ark. 

1896. Nucula ventricosa. Smith, Am. Phil. Soc., Proc., vol. 35, p. 245. 

Lower Coal Measures: Conway County, Ark. 

1900. Nucula ventricosa. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 150, pl. 22, figs. 9, 9b. 

Upper Coal Measures: Kansas City, Rosedale, Turner, Topeka, Grand Summit. 

Indeterminable generically but probably a Nucula, Schizodus, or an Ednwnd,ia, 
this is the only material at present in the collection upon which the identification of 

Nitcula ventricosa in the lists of the Leadville monograph d could have been based. 
Locality and hoTizon.-Leadville district (station 2255); Weber formation (?). 

a Geol. Surv. Illinois, Rept., vol. 5, 1873, pl. 26, figs. 17a-e, 18. 

bState Univ. Iowa Lab. Nat. Hist., Bull., voL 1, p. 176, pl. 2, figs. 3a, b . 

c Sci. Lab. Denison Univ., Bull., vol. 2, 1887, p. 41, pl. 4, figs. 22, 22a. 

dU. S. Geol. Surv., Mon., vol. 12, 1886, p . 70. 
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LEDA Schumacher, 1817: 

LEDA BELLISTRIATA Stevens~ 

1858. Leda bellistriata. Stevens, Am. Jour. Sci., (2), vol. 25, p. 261. 

Coal Measures : Danville, Ill.; Summit, Ohio. 

1858. Nucula (Leda) lcazanensis. Swallow, Acad. Sci. St . . Louis, Trans., vol. 1, p. 190. (~ot N. 

kazenensis V erneuil, 1845). 

Upper and Lower Permian: ·valley of Cottonwood and near Smoky Hill Fork; Kansas. 

1858. L eda bellistriata. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p . 717, pl. 29, figs. 6a-d. 

Lower Coal Mea.sures: Illinois. 

1862. Leda bellistriata. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 419. 

Marshall group: Moscow, Mich. 

1865. L eda bellistriata. Winchell, Acad. Nat. Sci. Philadelphia, Proc., p. 128. 

Marshall gro~p: Hillsdale, ~ich. 

1866. Nucula kazanensis. Geihitz, Carb. und Dyas in Nebraska, p. 20, pl. 1, figs. 33, 34. 

1869. Leda bellistriata? Winchell, Safford's Geol. Tennessee, p. 444. 

Shales just above Black Shale: Hickman and Maury ·counties, Tenn. 

1870. Leda bellistriata.'R Winche1l, _Am. Phil. Soc.,Proc., vol. 11, p. 256. 

Waverly group: Tennessee. 

1884. Nuculana bellistriata. White, Geol. Surv. Indiana, 13th ,Rept., p. 146, pl. 31, figs. 8, 9.· 

Coal Measures: Vermilion, Sullivan, Vanderburg, and Warrick counties, Ind. 

1887. Nuculana bellistriata. Herrick1 Sci. Lab. Denison Univ., Bull., vol. 2, p. 40, pl. 4, fig. 26. 

Coal Measures: Flint Ridge, Ohio. 

1888. Nuculana bellistriata. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 232 .. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Nuculana belli.striata. Keyes, Missouri Geol. Surv., vol. 5, p. 122, pl. 45, figs. 4a, b. (Date of 

imprint, 1894.) 

Upper Coal Measures·: Ge_ntry and Kansas City, Mo. 

1896. Nuculana aff. bellistriata. Smith, Leland Stanford Junior Univ. Publ.; Cont. to Biol. Hopkins 

Seaside Lab., No; 9, p. 35. 

Upper Coal Measures: Scott County, Ark. 

1896. Nuculana aff. belUstriata. Smith, Am. Phil. Soc., Proc., vol. 35, p. 245. 

Upper Coal Measures: Scott County, Ark. 

1900. Nuculana bellistriata. Beede,-Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 1481 pl. 20, figs. 14, 14b. 

Upper Coal Measures: Kansas City, Rosedale, Lawrence, Topeka, Kans. 

Two specimens from station 2219 in the San ~T uan region belong to the genus 

Nucu.lana, but as they appear in the shape of internal casts an exact specific identifi­

cation is impossible. I have referred them to our common Coal Measures species, 

with -which their general configuration accords. 

Locality and horizon.~San Juan region (station 2219); upper portion of the 

Hermosa formation. 
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MACRODON Lycett, 1845. 

MACRODON OBSOLETUS l\1eek. 

1871. Macrodon obsoletus. Meek, Rept. Regents Univ. West Virginia. 

Lower Coal Measures: Monongahela Cou~ty, W. Va. 

1875 . .Afacrodon obsoletus. Meek, Pal. Ohio, vol. 2, p. 334, pl. 19, fig. 9, 

Coal Measures: Ne;vark, Ohio. 
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1886. Macrodon obsoletus. Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 456, fig. 19. 

Upper Coal Measures: Mill Creek limestone, vVilkesbarre, Pa. 

1886. Macrodon obsoletus. Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., V01. 2, pt. 2, 

p. 275, fig. 19. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Macrodon obsoletus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 31, pl. 4, fig. 19. 

Coal Measures : Flint Ridge, Ohio. 

1891. Macrodon obsoletus. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 249. 

Lower Coal Measures: Des Moines, Iowa. 

1895 . .Afacrodon obsolettts. Keyes, Missouri Geol. Surv., p. 120, pl. 46, fig. 1. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1896. Ma.crodon' obsoletus. Smith, Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside 

Lab., No. 9, ·P· 34. 

Upper Coal Measures: Sebastian County, Ark.; Poteau Mountain, Indian Territory. 

1896. Macrodon obsoletus. Smith, Am. Phil. Soc., Proc., vol: 35, p . 244. 

Upper Coal Measures: Sebastian County, Ark.; Poteau Mountain, Indian Territory. 

1900. Macrodon obsoletus. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 147, pl. 20, fig. 13. 

Upper Coal Measures : Olathe, Turner, Lawrence, Kans. 

This species is represented by three specimens from one locality in the Leadville 

region. The identification is the same as that recorded in the Lead ville monograph. a 

Locality and lwrizon.-Leadville district (station 2275); upper portion of the 

Weber formation. 

MACRODON TENUISTRIATUS . Meek and Worthen? 

1866. A1·ca striata. Geinitz, Carb. und Dyas in Neb~aska, p. 20, tab. 1, fig. 32. (Not Mytilites striata . 

Schlath., 1817.) 

Upper Coal Measures: Nebraska City, Nebr. 

1866. Macrodon tenuistriata. Meekand Worthen, Chicago Acad. Sci., Proc., vol. 1, p. 17. 

Upper Coal Measures: Springfield, Ill. 

1872. Macrodon tenuistriata. Meek, U. S. Geol. Surv. Nebraska, p. 207, pl. 10, figs. 20a, b. 

Upper Coal Measures: Nebraska City, Nebr.; Springfield, Ill. ; Iowa. 

Lower Coal Measures : Illinois. 

1873. Macrodon tenuistriatus. Meek and ·yvorthen, Geol. Surv. Illinois, Rept., vol. 5, p. 576, pl. 26, 

fig. 4. 

Upper Coal Measures: Springfield, Ill. 

aU. S. Geol. Surv., Mon., vol. 12, 1886, p. 70. 
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1887. Macrodon tenuistriata. Herrick, .Sci. Lab. Denison Univ., BulL, vol. 2, p. 31. 

Coal Measures: Flint Ridge, Ohio. 

1888. Macrodon (allied to) tenuistriata. Herrick, Sci. Lab. Denison Univ., Bull., vol. 4, pl. 10, fig. 15. 

Waverly group: Cuyahoga Falls, Ohio. 

1895. Macrodon tenuistrifLtus. Keyes, Missouri Geol. Surv., vol. 5, p. 1~0. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo: 

1896. Macrodon tenuistriatus. Smith, Leland St~nford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside · 

Lab., No. 9, p. 34. 

l!pper Coal Measures: Poteau Mountain, Indian Territory. 

1896. Macrodon tenuistriatus. Smith, Am. Phil. Soc., Proc., vol. 35, p. 244. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 

Thi&' species is represented by a single poor specimen which seems to have been 
the basis for the citation of this species in the lists of the Leadville monograph. a 

Locality and horizon.-Leadville district (station 2275); upper portion of the 
Weber formation. 

PLEUROPHORUS King, 1844. 

PLEUROPHORUS scnoosTATUS Meek and Worthen. 

Pl. IX, :figs. 11, 12. 

1865. Pleurophorus subcostatus. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 246. 

Upper Coal Measures: North branch of Saline Creek, Gallatin County, Ill. 

1866. Plenrophorus sub_costatus. Meek and ·warthen, Geol. Surv. Illinois, Rept., vol. 2, p. 347, pl. 27, 

figs. 2, 2a. 

Upper Coal Measures: North branch of Saline Creek, Gallatin County, Ill. 

1887. Pleurophorus subcostatusf Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 35, pl. 4, figs. 16, 16a. 

Coal Measures: Frlint Ridge, Ohio. 

1900. Pleurophorussubcostatus. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p.l61, pl. 20, figs.ll-llb. 

Upper Coal Measures: Kansas City, Mo. 

That part of the material in our collections which belongs to the genus Pteuro­
phorus has proved most perplexing. The dispositionswhich I have 'made in the way 
of specific discrimination seem to be the best under existing conditions, but they are 
far from satisfactory. The material from each locality is generally scanty, and the 
preservation varies both in character and degree of perfection. I have not been able 
to sati~fy myself in what measure the many differences which . have been noted are 
due to preservation and what to specific differentiation. 

The prevailing form in the Rico formation is closely related to Pl. subcostatus. 
Two e~amples of this form are shown on Pl. IX, figs. 11 and 12. These specimens, 
·however, are -smaller than others occurring in the black siliceous limestone of this 

formation, . while in the red calcareous sandstones they' gr.ow still larger' some indi­
viduals attaining a width of 43 mm., agreeing with the smaller forms, meanwhile, 

a U. S. Geol. Surv., Mon. , vol. 12, 1886, p. 70. 
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m shape and other ascertained characters. These shells are remarkable for their 
straight and nearly parallel dorsal and ventral outlines, the latter being sometimes 
slightly concave, the small size of the portion of the shell anterior to the umbones, 

and the truncate posterior. The posterior edge is subrectilinear and inclined to 

the hinge line at an angle of about 60° . This truncated appearance, though not 

possessed by Meek and Worthen's figures, is noted by them as sometimes being a 

character of the species. Internal casts show the long cardinal tooth and the 
large anterior muscular scar · characteristic of the genus, and in addition a faint 
posterior scar. 

A small specimen from the mouth of Marguerite Creek (station 2345) has the 
shell partly preserved. It is considerably smaller even than the examples figured, 

but it is otherwise in agreement, save that the umbonal ridge is stronger and the con­
vexity relatively greater. The shell itself is dis.tinctly ribbed. There is a sharp 

ridge' near the hinge line, · the superior 'margin being strongly beveled and nearly 
horizontal when seen from above. Below this ridge there are three others which 

are sharp but not very prominent, the third one being on the diagonal angulation. 
So far as I can make out, these ridges do not extend to the interior of the thick shell. 

In all the characters noted, these shells are closely similar to .Pl. subcostatus, but they 
are very much larger. The form from the red sandy bed above referred to, 1 at one 
time ide_ntified with Pl. taffi, partly on account of their large size, but they differ 

from that species in being higher in proportion to their width and in having the 

posterior outline less oblique to the subparallel superior and inferior margins. In 
their existing preservation it can not be told whether these large shells have the 
radiating ridges which have been observed in the smaller ones, but if so there can be 

little doubt that they are distinct from Pl. taffi. 
Locality and horizon.-San Juan region (stations 2340, 2341, 2342, 2345, 2346); 

Rico formation. 

PLEUROPHORUS ANGULATUS Meek and Worthen? 

1865. Pleurophorus'! angulatus. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 247. 

Coal Measures: Wabash Cut-off, near New Harmony, Ind. 

1875. Pleurophorus.'i? angulatus. Meek and Worthen, Geol. Sq.rv. Illinois, Rept., vol. 6, p. 529, pl. 33, 

:fig. 5. 

Upper Coal Measures: Wabash Cut-off, near New Harmony, Ind. 

This form has straight and nearly parallel dorsal and ventral margins. The 

posterior edge is subrectilinear and inclined to the cardinal line at an angle of about 
· 60°. The posterior inferior angle is rather sharply rounded. The portion . of the 

.shell anterior to the umbones occupies about one-sixth of the entire . width. The 
umbonal ridge is well marked, but no radiating ribs have been observed. The surface 
i.s ornamented by fine concentric strim. The anterior muscular scar is strongly 

marked. The width is about 17 mm. and the height about half as much. 
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In shape this form . resembles that identified as Pl. subcostatu:rs, :but it is a less 
elongate shell, the anterior portion is a 1 trifle more prominent, and it lacks the 
radiating ribs which cross the upper and posteriorhalf of shells of that species~ 

This form seems to be of the type of Pl. 'angulatus, but differs in being much 
larger and proportionately less transverse, in having the anterior .erid slightly less 

produced, and the anterior muscular scar more deeply ma~ked. 
Locali ty and lwrizon.-Grand River region, below mouth of canyon of Eagle 

River (station 2192); base of Weber for~ation. 

PLEUROPHORUS OCCIDENTALIS J\1eek a~d Hayden? 

1858. Pleurophorus occidentalis. Meek and Hayden, Albany Inst., Trans., vol. 4, p. 80. 

Permian: In Nebraska, on Missouri, opposite north Missouri boundary. 

1859. Pleurophorus occidentalis. Shumard, Acad. Sci. St. Louis, Trans., vol. 1, p. 396. 

White Permian limestone: Guadalupe .Mountains. 

1864. Pleurophorus occidentalis. Meek and Hayden, Smithsonian Cont. Knowledge, vol. 14, No. 172, 

p. 35, pl. 1, figs. lla, b. 
Coal Measures: Nebraska, nearly opposite northern boundary of Missouri. 

1866. Clidophorus pallasi. Geinitz, Carb. und Dyas in Nebraska, p. 23, tab. 2, fig 3, 4. (Not Mytilus 

pallasi de Vern., 1845. ) 

Upper Coal Measures: Nebraska City, Nebr., light gray limestone of Wyoming, 7 miles north 

of Nebraska City. 

1866. Clidophorus occidentalis. Geinitz, Carb. und Dyas in Neb.raska, p~ 23, pl. 2, fig. 6 . . 

Upper Coal Measures: Stage C. civ, Nebraska City, ~ebr. 

1872. Pleurophorus oc<Yidentalis'! Meek, U. S. Geol. Surv. Nebraska, p. 212, pl. 10, fig~ 12. 

Upper Coal Measures: Otoe ·City, Nebr.; Nebraska City, Nebr.; Grayville, Ill. 

1891. Clidophorus occidental-is . . White, U. S. Geol. Surv., Bull. No. · 77, p . 27, pl. 4, fig. 3. 

Permian: Goodwin Creek, ·Baylor County, Tex. 

Of this form but a single not too perfect example has come to hand, and it is 
identified with some doubt. It is small, with a width of about 11 mm. and a height 

. somewhat less than half as great. The general shape much resembles the Nebraska 
shell which Meek figures as Rl. occiderdalis, and with that species I have provisionally 
identified it. The dorsal and ventral margins are nearly straight and con verge some­

what anteriorly. The posterior end is rather evenly rounded. The umbones are so 
much inclined forwa:rd that they project nearly as. far as the small anterior portion. 
The curvature is regular, and there i~ no distinct umbonal ridge: About halfway 

between the cardinal line and a diagonal joining the anterior superior and posterior 
inferior angles there . is a well-marked radial rib, with possibly traces of one or two 
others below ( ?). · The surface is marked by very tine concentric st:dre. 

The cardinal edge is ahgulated as in the shell referred to Pl. subcostatus, so that 
a narro~ strip of shell along the· hinge line is horizontal when the valve is viewed 
from above. 

Probably with this species belongs a very imperfect specimen from the Lead-
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ville region which was likewise identified as Pl. occidentalis for the Leadville mono­

graph. a In general configuration it closely resembles the specimen previously 

described, but has the surface above the umbonal ridge (if one were present) crossed 

by five or six delicate radial ribs, with two or three others of equal strength below. 

Locality c~;nd horizon.-San Juan region (station 2343); Rico formation. Lead­

villedistrict (station 2275~); upper portion of the Weber formation. 

EDMONDIA de Koninck, 1844. 

ED:MONDIA GIBBOSA Geinitz (non Astarte gibbosa JYlcCoy). 

Pl. IX, figs. 7, ~' 9. 

1866. Asta1·te gibbosa. Geinitz, Car b. und Dyas in Nebraska, p. 16, tab. 1, .figs. 23, 24. 

Upper Coal Measures: In the gray limestone of Plattsmouth, Nebr. 

There are in the collection several specimens representing a form to which that 

described by Geinitz as Astarte glbbosa :McCoy, seems to be, among available litera­

ture, the nearest related. Characteristic specimens of this form are found in the 

Rico formation at stations 2340 and 2341, and it seems to be represented by several 

young examples at station 2342. The specimens collected at stations 2340 and 2342 

are in the closest agreement, just as are those from the Hermosa formation at stations 

2204 and 2205 which I have identified as E subtruncata. 
The Colorado material is in the Jorm of internal casts, upon which a 'number of 

low concentric folds ar.e all that is left of the surface sculpture, but in shape, con­

vexity, etc., it agrees with some finely .preserved · specimens from Graham, . Young 

County, Tex., whic? are referred with co~fidence to the same species. Here the 

shell is seen to be ornamented with prominent lamellose concentric ridges, regularly 

disposed at intervals, with more or less inconspicuous growth lines intervening. 

The shell is rather tumid, suborbicular in shape, with the posterior outline slightly 

flattened, giving it a subtruncate appearance. 

This species differs from Edm,ondia subtruncata, which it resembles in .a general 

way in shape and possibly in surface orna,mentation. It is smaller;· more gibbous, 

and longer in proportion to its width. 
The fossils from Colorado and Texas correspond closely to Geinitz's figures and 

description, and probably represent the sallie form with which he was dealing, but it 

is doubtful if the latter was correctly referred by him to McCoy's species. 

·This identification should not be confused with Edmondia gibbosa Swallow, which 

is probably quite different. 

Locality and horizon.-San Juan region (stations 2340, 2341, 2342~); Rico 

formation. 

aU. 8 . Geol, S{Irv., Mon., vol. 12,' 1886, p. 70. 
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EDMONDIA MORTONE:Nsrs Geinitz? 

1866. Astar-te mortonensis. Geinitz, Car b. und Dyas in Nebraska, p. 17, tab. 1, fig. 26. 

Upper Coal Measures: Nebraska City, Nebr. 

1898. Edmondia mortonensis. Weller, U. S. Geol. Surv., Bull. No. 153, p. 243. 

One sp~cimen from Sinbads Valley (station 2285) is the only example of this 
species kn?wn in our Colorado collecti~ms. It presents many points of resem blanee 
to the shell which· Geinitz figures under the name of -Ast0rte mortonensis. It is 
marked by Rtrong, equally spaced lamellre, whose course is straightened and sub­
rectilinear posteriorly. My shell d.i:ffers from that figured in being le~s elongated 
transverse! y. 

Locality and horizon.-Dolores River r~gion, Sinbads Valley (station 2285); top 
of the -Hermosa formation. 

EDMONDIA SUBTRUNCATA Meek. 

1872. Edmondia subtruncata. Meek, U. S. Geol. Surv. Nebraska, p. 215, pl. 2, fig. 7. 

Upper CoalMeasures: Rock Bluff, Nebraska; Atchison, Kans. 

Lower Coal Measures: Illinois. 

1895. Edmondia subtrnncata. Keyes, Missouri Geol. Surv., vol. 5, p. 127. (Date of imprint, 1894.) 
Upper Coal Measures: Kansas City, Mo. · 

1899. Edmondia subtrnncata? Girty, U.S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 580. 

Upper Coal Measures: Atoka quadrangle. 

Two specimens have come to hand, one collected between Hermosa Creek and 
Animas Valley (station 2205} and the other on the west side of Animas Valley (station 
2204). They are unfortunately rather crushed, but seem to belong to the species. above 
cited. These are large shells with a transverse diameter of at least 43 mm. 

Locality and horizon.-San Juan region (stations 2204, 2205); upper portion of 
the Hermosa formation. 

EDMONDIA? sp. 

At station 2219, in the San Juan, occurs a rare but very interesting .lam~llibranch 
shell, which is unlike any that I have met with or seen recorded from our American 
Carboniferous faunas. Unfortunately, the five specimens in our collection are too 
imperfect to permit its generic affinities to be ascertained. It is probably no true 
representative of the genus Edmondia. · 

In size this shell is small, having a width of about 12 mm. and a height of 
10 mm. The shape is similar to that of an Edmondia or a Numtla. It is strongly 
gl.bbous, the eccentric umbones are oblique, produced, and incurved. The general 

_shape is transversely elliptical and the outline is curved. Thete is a strong emargi­
nation (of the outline) below the urn bones on the side nearer the anterior end. The · 
superior margin on the other side, or hinge line, is nearly straight. . It begins with 

; 
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the tip of the umbone, and sloping downward! gradually merges with the strong 

posterior curvature. The most elevated portion of · the shell is central. It is bounded 

by two indistinct diverging lines, which have the~r origin at the umbone. From this 

area the curvature is rapid in its descent upon either side. 

The surface is marked by strong, regular, cdncentric ridges, which are crenulate 
I . 

or denticulate over the body of the shell, but laterally the crenulations increase in 

prominence until they become continuous radiating ribs, and dominate the concentric 

markings o.f which they are elsewhere a subordiJate feature. · 

The ornamentation and configuration of this I shell taken together are unlike any 

Carboniferous genus with which I am acquainted. It is to be regretted that none of 

the hinge characters could be ascertained so as to determinate its generic position, 

and it is possible that better preserved material fban that before me may lead to the 

modification even of the description which I hav1, thus far been able to draw up. 

· Locality and lwrizon.-San .T uan region (station 2219); upper portion of the 
Hermosa formation. I · 

- CYPRICARDINIA Lamarck, 1801. 

CYPRICARDINIA CARBONl RIA M~ek. 
1871. Cypricardinia? carbonaria. Meek, Acad. Nat. Sci. P l iladelphia, Proc., p. 163. 

Lower Coal Measures: Newark, Ohio. 

1875. Cypricardinia? carbonaria. Meek, PaL Ohio, vo1. 2, p. 342, pl. 19, figs. Sa, b. 

Lower Coal Measures: Newark, Ohio. 

1887. Cypricardinia (?) carbonaria. Herrick, Sci. Lab. Der ison Univ., Bull., vol. 2, p. 35, pl. 4, figs. 

17, 18. 

Coal Measures: Flint Ridge, Ohio. 

1895. Ple;urophorus oblongus. Keyes, Missouri Geol. Surv

1

., vol. 5, p . 125, pl. 46, fig. s.- (Date of 

imprint 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1900. Cypricardinia? carbonaria. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 164, pl. 20, fig. 16. 

Upper Coal Measures: In the Oolite at Rosedale and iTurner, Kans. 

There are a few specimens from station 22~9 south of Marguerite Draw in the 

San .Juan which probably belong to Meek's spebies cited above. They also closely 

resemble the Waverly form Oypricard1"nia scitulrt of Herrick. If one can rely upon 
his figures, the specimen represented by fig. 8 (j)f pl. 46, which Keyes identifies as 

Pleurophorus oblongus is a member of the ge~us Oyp'ricardinia and possibly a 

representative of the species under discussionJ It almost certainly is incorrectly 

identified as Pl. oblongtts. 
Locality and horizon.-San Juan region (station 2219); upper portion of the 

Hermosa formation. 
14364-No. 16-03-29 
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ASTARTELLA Hall~ -1858. 

· AsTARTELLA ~ ; GURLEYI White. 

1878. Astartella gurleyi. White, Acad. Nat. Sci. Philadelphia, Proc., p. 35. 

Coal Measures: Danville, Ill. 

1880. Astartella gurleyi. White, U. S. Geol. Geog. Surv~ Terr., Twelfth Ann. Rept. , for 1878, pt. 1, 

p. 166, pl. 42, figs. 6a-b. 

Coal Measures: D~nville, Ill. 

A s'irigle specimen from the Rico formation., found at station 2343, seems to 
belong to A~tartella? qurleyi, which it certainly closely resembles in configuration. 
I think it highly probable that if the hinge characters of this species were known~ it 
would be found to _belong to the genus _MiC'(odon. 

Locality and lwr-izon.-San Juan region (station 2343); Rico formation. 

SCAP.HOPODA. -

DENT ALIID..fE. 

·Owing, doubtless, to their comparative rarity and unimportance,.. the Paleozoic 
Scaphopods have been recipient of less investigation than any other group of the 
Mollusca. 

Although, upon the system of sculpture and upon the conformation of the 

tube, recent Dentrt1ia ltave be~n divided into a number of subordinate or s~bgeneric . 
groups, these divisions have not, it is believed ~ been applied to the fossil forms 
occurring in our Am~rican Paleozoics. Many of the characters employed in 
distinguishing the recent forms would be difficult to ·ascertain in the imperfect 
preservation usually seen in fossils, and one . whole class of them, the posterior 

notches and slits not infrequently characterizing the more recent Dentaliidre, have 
not beep recorded as occurring in their Paleozoic representatives. The system of 

surface ornamentation, therefore, seems to afford the most available basis for 
subdivision, and among the Carboniferous forms two, and perhaps three, different 

types of surface ornamentation can be i·ecognized; a, surface crossed by longi­
tudinal ribs or strire; b, surface crossed by transverse, usually oblique, annulations 
or strire; c, surface smooth or with growth lines only. · , 

Fo'r forms characterized by surface of the first type it seems clear that the 

name Dentalium, sensu stricto, should be employed. For shells having surface 
ornamentation of the second type the name Plagioglypta has recently been proposed. 
lam in doubt as to the propriety of referring shells of the third type to Plagiogl;ypta; 
still more doubtful or' the propriety of withdrawing them under a new name or of 
referring then! to one o£ the genera or groups already established, as, for instance, to 
Lmvidentaliurn. The distinction between striations and growth lines, _if they have 
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the same trend, is not always an easy one to maintain iu practice with fossils, 

and when the vicissitudes. of pres.ervation are taken into the reckoning it seems that 

to distinguish the third type of surface from the second would be to rob the classi:fi­

cation.of much of its utility. Therefore I am .at present disposed to refer species 

whose surface is smooth or marked simply by growth lines to Plagioglypta. 

DENTALIU1Vl (sensu stricto) Linnreus, 1740. 

The species from American Carboniferous 1:.ocks which belong here are three 

1n number. They at·e .Den'taliAJ/rrt, acutisuLcatum, .Dentali~tm missouriense, and 
.Dentalium sUbl<Eve. 

DENTALIUM SUBL£VE Hall. 

1858. Dentahum obsoleturn. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 724, pl. 29, figs. 16, 17, 17a. 

Coal Measures. 

1877. Dentalium Erubl::eve. Hall, Miller's Am. Pal. Foss., p. 244. 

1891. DentaZ.ium subl:eve. Keyes, Acad. Nat. Sci. Philadelphia, Proc. ', p. 252. 

Lower Coal Measures: Des Moines, Iowa. 

Thre~ different localities have furnished each a poor specimen of a Dentalium which 

probably all belong to the same species. I have identified them with some hesitancy 

with .Dentalium. sublmve. Hall's brief description leaves the reader in ignorance of 

many characters of prime importance, and his figures yield but little additional to his 

description. The surface represented by the principal :figures seems to be crossed 

by a large number of :fine, closely arranged, longitudinal strire, but the enlatged orna­

mentation shown by him consists of sharp, slender ridges, separated by intervals two 

or three times their own width. If the enlargement is veracious, the Colorado form 

is certainly not .Dentalium sublm·ve, which is then probably the same as .D. acutisul­

catum, described not long since by Gurley. a . 

The shell from Colorado is rather large and massive. It has a maximum diam­

eter of about 7 millimeter, tapers gradually, and is slightly curved. The surface is 

marked by numerous rather closely set, not very prominent, ribs, which are separa­

ted by shallow grooves of about the same width as the strire. There seem to be 

about 10-15 strire in a space of 5 mm. Rather strong oblique growth lines are 

also visible. 
This species is possibly the same as one which occurs in the Cisco division of the 

Carboniferous, near Graham, Young County, Tex. The two species are very simi­

lar, but the Texas form is practically straight, while that from Colorado is slightly 

bent. The Texas form, when mature, becomes large and heavy, attaining a length of 

some 250 or 300 mm., and is the one mentioned below as similar to .Dentalium sp. 

a New Carb. Foss. , Bull. No. 1, p. 7, 1883. 
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Thus it is possible that Dentalium sn. and this form referred to D. sublceve may 
·prove to be the same. 

Locality and horizon.-San Juan region (stations 2219, 2238); upper portion of 
the Hermosa formation. Crested Butte district (station 2303); Maroon formRtion. 

DENTALIUM sp. 

At station 2287, in the southern portion of the Silverton quadrangle, occur rather 
plentiful fragments of an organism which, though not altogether problematical, is 

none the less interesting. I hav~ little doubt that it is a Dentalium of an unusually 
large size. The largest !ragment is 85 mm. long and not less than 20 i:nm. in 

diameter. As the shell substance · is in places at least 8 mm. thick, the complAte 
diameter of this portion of the shell was probably 25 or 30 mm. The fragment 

shows but little taper, and the shell mu'3t have been, when entire, of almost unex­
ampled size and massiveness. The central portion, where expesed to view, is 

unchambered, and the shell can not, therefore, be an orthoceratoid, unless the 
fragment represents only the chamber of habitation. The microscopic structure is 
distinctly molluscan and agrees especially with Dentalium. In the Cisco division 

of the Carboniferous, near Graham, Young County, Tex., an equally large Dentalium, 
of a possibly undescribed species, is found. A single incomplete specimen of this 
form measures 200 mm. in length, and other shorter pieces of larger size indicate 

that it must have attained a length of 300 mm. and more. The diameter of these 

large fragments is upward of 30 mm. and the shell is 4 or 5 mm thick. There is 
no doubt about the affinities of the Texas form, whose existence relieves a reference 

to Denta1ium of_ the specimen from Colorado of most of its incredi.ble features. 
Locality and horizon.-San Juan region (station 2287); middle portion of the 

Hermosa formation. 

PLAGIOGLYPTA Pilsbry, 1900 . 

. To Plagioglypta belong, probably, all the other American Carboniferous Denta­
lia known up to the present time. Among these species two, and . possiby three 

groups are distinguishable, the annulistriata group, the meekia_na group, and the 
venv.sta group. 

Unique among our Carboniferous Dental1:a in the strength of its annular mark­
ings stands ~leek and Worthen's species, Plagiog/;ypta annulistriata. It is too 

marked a form to require comment here, and is .the only representative of the annuli­
striata group, to which it lends its name. Much finer and less conspicuous are the 
strire which traverse Plagioglypta meekiana, yet still distinct enough to give 
character to its surface; With Pl. meekiana in the meekiana group can probably be 
associated Pl. prim.aria, Pl. carina, Pl. grandmva, and Pl.· gran'f!illensis. As Pl. 
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grandwva and Pl. granvillensis have not been figured at all, nor the surface of l)l. 
primaria, it is impossible to form a just estimate of this character or of their affinities. 

Pl. granvillensis may belong in the annulistriata group. The two other species 

probably go with Pl. ·meekiana. I am in some slight uncertainty as to the proper 

location of Pl. canna. If it is marked oy longitudinal strire, as White's description 

states, it belongs without doubt to .DentaUum, but in the type specimen there are no 

indications of such strire which are not so faint and so occasional' that they might not 

be due to chance or to expectant imagination. As the transverse growth hnes are 

clearly preserved in one specimen, it would seem that the longitudinal markings also, 

if present, would be visible. For this reason I place D entali1t1n can7w with Plaqio­
glypta in the meekiana group. 

Plagioglypta 1Jenusta and Pl. illinoisensis are described as having a smooth 
surface, and constitute what may be desirable to separate as a distinct subdivision 
and designate the venusta group. At the famous Spergen Hill locality occurs in 

some abundance a dentalioid shell, probably Pl. venusta, whose surface appears to 

be entirely without markings. \Vhether its characters have. been obscured or 
destroyed by attrition or fossilization I find myself at present unable to decide. 

The. surface of Pl. annulistriata is in strong contrast to that of Pl. meekiana, 
although the difference is one of degree merely. Intermediate between them in this 

particular stands Pl. ·undulata, the type of Plctgioglypta, and Dr. Pilsbry, whom I 

have had the honor to consult in this matter, advises me that, according to its 

original extension, both Carboniferous forms can be admitted into his genus. 

It still remains a debatable question what should be done with the venusta type. 

It certainly does not appear to have the characters of Plagioglypta, much less of 

.DentaUmn, and if what is recorded of this species and of Pl: illinoisensis is veri· 
table, neither can properly be admitted into either of these genera. It is doubtful 

if Lwvidentaliun& ranges back into Paleozoic time, and it therefore seems inadvisable 

to place them with that genus. Perhaps the course open to the least objection is to 

refer · them as a separate and doubtful subdivision to Plagioglyptct pending the 

absence of determinative data. 
GASTEROPODA. 

EUCONISPIRA Ulrich; 1897. 

EucoNISPIRA TAGGARTI Meek. 

Pl. X, figs. 9, 9a. 

1874. Pleurotornaria taggarti. Meek, U. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept. , for 1873, 

:p. 231. 

Carboniferous: Canyon of Four-Mile Creek, Colorado. 

1880. Pleurotomaria taggerti. White, U.S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1, 

p. 140, pl. 34, figs. 1a, b. 

Carboniferous: Near Horseshoe Mountain, South Park, Colo. 
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Of this species our collections from Colorado still contain only the specimen for 

which the name Pleurotomaria taggarti was originally proposed. It scarcely seems 

necessary at this place to repeat Meek's excellent description, but the figures 

published by White are shown on Pl. X. 

Locality and horizon. - Leadville district (station 228~); base of the Weber 

formation. 

EucoNISPIRA BICARINATA McChesney. 

1860. Pleurotomaria bicarinata. McChesney, Desc. New Spec. Pal. Foss., p. 90. (Not P. lYica:rinS"a 

Sowerby, 1818.) 

Coal Measures: Lasalle, Ill. 

1860. Ple~lrotomaria turbiniformis. Meek and Worthen, Acad. Nat. Sci. Philad"llphia, Proc., p . 461. 

Upper Coal Measures: Lasalle, Ill. 

18(}6, Pleurotomaria turbiniformis. Meek and Worthen, GeoL Surv. Illinois, Rept., vol. 2, p. 359, 

pl. 28, figs. Sa-c. 

· Upper Coal Measures: Lasalle, Ill. 

1884. Pleu1·otomaria turbiniformis. White, Geol. Surv. Indiana, 13th Rept., p. 160, pl. 32, figs. 7, 8. 

Upper Coal Measures: Lasalle and Paris, Ill.; Vigo County, Ind. 

1894. Pleurotomaria turbiniformis. Keyes, Missouri Geol. Surv., vol. 5, p~ 135, pl. 48, figs. 6a, b . 

Upper Coal Measures: Kansas City, ;Mo. 

1897. Euconispira. turbinifm·mis. Ulrich, Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3, pt. 2, 

pp. 949, 956, figs. d, e, on p. 1080. 

Upper Carboniferous: Kansas City, Mo. 

Of this species we have a single specimen from the Hermosa formation whictt. is 

not very perfect but shows sufficient characters to make possible a specific determina­

tion of considerable accuracy. After a comparison with authentic specimens of 

Pleurotmnaria turbiniformis from the original locality, the conclusion. has been 
reached that the two forms ·are with but little doubt identical. 

l\tleek noted that his name Pl. turbiniforrni8 had been propose~ for the same species 

as Pl. bicarinata McChesney, which antedates it by several months, but his reason 

for retaining Pl. turbiniformis, that the name Pl. bicarinata is thrice preoccupied, 

is invalidated by the removal of that species to anotlier genus. 

Locality and horizon.-San Juan region (station 2196b); Hermosa formation. 

EucoNrSPIRA sp. a. 

· This form In size and configuration. very closely resembles Eu. bicarinata, but 

several differences can be pointed out which indicate that it should be considered a 

distinct species. . The · single specimen representing it was obtained from the :l·ed 

sandy beds of the Rico formation. The surface ornamentation is almost entirely 

obscured, but there are in places certain markings, which · may be accidental, that 

might be interpreted as indicating that the surface was traversed by a small num-
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ber of rather coarse revolvi9g ridges. The underside o£ the shell, moreover, .is 

somewhat strongly concave, w. hile that of Eu. bicarinata is gener ally convex 
Locality and horizon. - Sah .• Juan region (station 2340); Rico formation. 

J 
EucoNISPIRA sp. b. 

This species is derived fr m the same locality and horizon al the preceding. It 
attains a rather large size, ancJI is distinguished from the other jemhers of the genu• 

noted here by the lowness of i~s spire and the rapidity of its expansion. The largeS't 

speCimen seen has 11 diameter of 45 mm. One whose diameier is 28 mm. has a 

height of probably not over 15 mm. The base is concave. The s~rface ornamentation 

is entirely obscured. I 
Locality and lwrizon. --San Juan region (station 2340); Ric formation. 

PHAkEROTREM \ Fischer, 1885. 

PH~NERW'REMA I cf. G~YYILLENSE Norwood and ratten. 

1855. Pleurotomaria grayvillensis . . Jo.rwood and Pratten, Acad. Nat. Sci. Ph1'ladelphia, Jour., (2), vol. 
3, p. 75, pl. 9, figs. 7a, b. · 

Coal Measures: Grayville, Ill.; near mouth of Rush Creek, Posey f ounty, Ind.; Shawnee­

town and Galatia, Ill. 

1866. Pleurotomaria grayvillensis. Geinitz, Carb. und Dyas in Nebraska, p. 9 tab. 1, fig. 9. 

Upper Coal Measures: Nebra~ka City, NebP. 

1872. Pleurotomaria grayvillensis. ¥eek, U. S. Geol. Surv. Nebraska, p. 233, pl. 11,. fig. 9. 

Upper Coal Measures: Nebraska City, Nebr.; Illinois, Kentucky, lo\\a, Missouri, Kansas. 

Lower Coal Measures: Illinoi~ and West Virginia. 

1879. Pleurotomaria grayvillensis. White, U. S. Geol. Geog. Surv. Terr., Bul ., vol. 5, p. 219. 

Carboniferous: Wild Band Pockets, northern Arizona, 15 miles south f om Pipe Spring. 

1880. Pleurotomaria grayvillensis. White, U. S. Geol. Geog. Surv. Terr., Tw lfth Ann. Rept., for 1878, __ 

pt. 1, p. 140, pl. 34, fig. 5a. 1 

Upper Carboniferous: Wild Band Pockets, northern Arizona, 15 miles south from Pipe Spring. 

1888. Pleurotomaria grayvillensis. ~eyes, Acad. Nat. Sci. Philadelphia, Pro ., p. 238. 

Lower Coal Measures: Des Moines, Imva. 

1895. Pleurotomaria grayvillen.m. Keyes, Missouri Geol. Surv., vol. 5, p. 141 (date of imprint 1894). 

Lower Coal Measures: Kans~s City and Pleasant Hill, Mo. 

1897. Phanerotrema grayvillense. Ulrich, Geol. Nat. Hi~t. Surv. Minnesota, · Final Rept., vol. 3, pt. 2, 

p. 952. 

This species is represented by two small shells resemblin Phanerotrema gray­
villense, but they are too poorly preserved to be determined ith certainty. They 

form the basis for the appearance of I->leurotomaria grayvillen is in the faunal list of 
the Leadville monograph.ct 

Locality and horizon. ·- Leadville district (station 2275); upper portion -of the 

Weber formation. 

aU. S. Geol. Surv., Mon., vol. 12, 1886, p . 70. 
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PHANEROTREMA sp. 

Near Glenwood Springs, at station 2193, a small collection was obtained which 
indicates the presence at that place of an interesting and extensive fauna. The 
fossils are chiefly gastropods and are of very minute size. As I hav·e indicated, the 

fauna, if carefully collected, would probably prove ari extensive one . . It would also 
be difficult to study. As the entire shell is very small, the surface ornamentation is 

almost microscopic, and, unless well 'preserved, can not satisfactorily be .made out. 
Fortunately the preservation at this locality is generally good. I have discriminated 
about six species in the material collected and suspect that there · may be several 
others. Without doubt these represent only a small proportion of .the entire fauna. 
I have found it sufficiently difficult to arrive at approximate determinations of 

these species, to believe that many of them are new. No new names have been pro:­
posed, however, because it seems that a. miniature fauna, such as this is, should be 

studied only from especially abundant and especially perfect material. 
One of the most abundant types among the gasteropods is a little Phanerotremct 

which is related to Ph. grayvillen.se and Ph. constrictum. Many species of this group 
have been considered, but none with which this can be satisfactorily identified. 
The height is between 3 and 4 mm., and the diameter neatly the same. The 

height of the spire is 2 mm., or a little over. There are about 4 volutions. The 
lower portion of the outer whorl is marked by a number of comparatively large 
strire, which also transgress upon the flattened periphery. This striated portion is 
succeeded by a broad, flat slitband whose direction is nearly vertical. Above the 
~litband is a carina which constitutes the most prominent portion of the entire 
peritreme. It is probably somewhat nodose. The upper portion of the peritreme 
declines from the vertical by an angle of about 45°. It is -slightly concave and 
appears to be without ornamentation. Just below the suture is a row of .small nodes 

or possibly a nodose revolving ridge. Most of the strire marking the ~ower portion 
of the peritreme are .. of course covered over by the succeeding volution, but a few 

of the upper ones are left exposed. 
Locality.-Grand River region, Glenwood Springs (station 2193). 

\VORTHENIA de Koninck, 1883. 

W ORTHENIA TABULATA Conrad? 

1835. Turbo tabulata. Conrad, Geol. Soc. Pennsylvania, Trans., vol. 1, pt: 2, p. 267, pl. 12, fig. 1. 

1842. Pleurotomaria tabulata. Conrad, Acad., Nat. Sci. Philadelphia, Jour., (1), vol. 8; p. 272. 

Carboniferous: Inclined plane of the Allegheny Mountains. 

1858. Pleurotomaria tabulata. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 721, pl. 29, :figs. 12a, b. 

Coal Measures: Pennsylvania, Indiana, and Illinois. 

1881. Pleurotomaria tabulata. White,' Dept. Stat. and Geol. Indiana, 2d Ann. Rept., p. 519, pl. 18, figs. 

4, 5. 

Coal Measures: Rush Creek, Posey County, Ind. 
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1884. Plet~rotomaria tabulata. White, Geol. Surv. Indiana, 13th Rept., p. 160, pl. 32, figs. 4, 5. 

Upper Coal Measures: Rush Creek, Posey County; 'Vagon-defeat Creek, Sullivan County, and 

Warrick County, Ind. 

1895. Pleurotomaria tabulata. Keyes, Missouri Geol. Sur v., YoL 5, p. 142. ·(Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1897. Worthenia tabulata. Ulrich, Geol. Nat. Hist. Sun. ::\iinnesota, Final Rept., vol. 3, pt. 2, pp. 

949, 950, 953. 

This type is represented by a single specimen from Sinbads Valley. It is 

reduced nearly to the condition of an internal cast, but probably can be referred to 
Conrad's species. 

Locality and lwrizon.--'-Dolores River region, Sinbads Valley (station 2285); top 
of the Hermosa formation. 

W ORTHENIA? LASALLENSIS ""T orthen? 

1890. Murchisonia lasallens·is. Worthen, Geol. Surv. Illinois, Rept., vol. 8, p. 141, pl. 25, figs. 7, 7a. 

Upper Coal Measures: Lasalle, Ill. 

In using for this form the name of Worthen's species, I desire to indicate a 

resemblance rather than to express an identification, for the single specimen which 

has so far .come to hand is too poor to permit a determination of that degree of 

accuracy. The surface ornamentation is entirely obscured, but the shape and size 

are tho~e of _Murcl~?~sonia lasallensis. It might almost as well be referred to 

J1f1trchisonia terebra White, but it is a smaller form with deeper indented sutures. 

This species has been placed with the genus WorthenZ:a because of its configuration 

alone. It is certainly not a J.1£urcAisonia, and while it departs somewhat widely from 

the type represented by the species tabulata and subscalaris, the range is no greater 

than that shown by the related genus Lophospira. As already intimated, I have not 

been able to examine representatives of this species in which the essential generic 
characters are shown. 

Locality and Jw,rizon.-San .Juan region (station 2217); middle portion of the 
Hermosa formation. 

W ORTHENIA? MARCOUIANA Geinitz ? 

1866. Murchisonia marcouiana. Geinitz, Car b. und Dyas inN ebraska, p. 11, tab. 1, fig. 16. 

1JpperCoal Measures: Rock Bluff, Nebr. 

1899. Murchisonia marcouiana. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, ·p. 588. 

-Upper Coal Measures: McAlester quadrangle, Indian Territory. 

The form which I have referred to ll'Orthmu:(l, marcmtiana seems to be abundant 

in the Rico formation at stations 2340 and 2345. The condition of preservation of 

my material does not favor an identification of the greatest accuracy. ~ 

At station 2275, in the upper part of the Weber grits in the Tenmile district, 

occurs a specimen which probably answers to jJfurchisonia sp. in the list of the 

Leadville monograph. a It seems to belong to this species. 

aU. S. Geol. Surv., Mon., vol. 12, p. 70. 
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I have placed _1_lfurchisonia m(Lrcouiana in the genus Worthenia with some hesi­

tation. It clearly belongs to the group of Pleurotvmaria, and is moi·e nearly related, 
to Worthenia than it is to Murchisonia . 

. Locality and; horizon.-San Juan region (stations 2340, 2345); Rico for~ation. 
Leadville district (station 2275); upper portion of the Weber formation. 

W ORTHENIA? sp. a. 

This form was identified as .lfurchisonia sp. in the list of the Leadville mono­
graph, a and it is too poorly preserved to be determined with eertainty. Even its 
generic position is a matter of doubt. _It is one of those forms with a lofty spire 
and very gradual taper. rts dimensions must bave ·been 24 mm. in height, with a 
proximal ~iameter of about 8 mm. The peritreme appears to have beep carinated, 

and I judge that its specific relations are near the two species just discussed. 
Locality and lwrizon.-Leadville district (sta#on 2275); upper portion of the 

weber formation. 

W ORTHEl~HA ~ sp. b. 

This form is allied to the species which Geinitzb described under the name of 
.Murchisonia nebraskens1:s, but it is certainly specifically distinct. It is much smaller, 
as will appear from the fact that the entire height is only about 2 mm. The width 

is nearly half as much, and there are 6 volutions. It has therefo~e proportionally 
a somewhat lower · spire than M. iwbraskens1:s, and the . sutures. are less oblique 
to the axis. The shape of the peritreme. is strongly arched but not subangular. 

The surface of the fi~al volution is crossed by four thin elevated ridges, which are 
about equal distances apart. The upper one is near the suture, but the others are 
disposed very much as in _1_lf. nebraskensis. The lower side of the peritreme is crossed · 

by several revolving ridges, which are less prominent than the ones above. While 
there are four of the latter on the final volution, there. are but three on that which 
precedes it. 

I am by no means sure that this form P?ssessed a slit band and its position with 
the Pleurotomariidre is therefore uncertain. If this structure is really . present it 
probably occurs on the periphery betw~en the two lower strong revolving ridges. 
Even if it belongs to Pleurotornqria, however~ I am doubtful whether it should be 
referred to the genus Worthenia. 

Locality.-Gran(l River region, Glenwood Springs (station 2193). 

aU. S. Geol. Surv., Mon., vol. 12, 1886, p. 70. 

bCarb. und Dyas in Nebraska, 1866, p. 12, pl. 1, fig. 17 
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PLEUROTOMARI.A Defrance, 1824. 

PLEUROTOMARIA ~ cf. CARBONARIA Norwood and Pratten. 

1855. Pleurotomaria carbonaria. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 

3, p. 75, pl. 9, fig. 8. 

Coal Measures: Rockcreek, ·williamson County, Ill. 

1888. Pleurotomaria carbonaria. Keyes, Acad. Nat. Sci. Philadelphia, J>roc., p. 239. 

Lower Coal Measures: Des Moines, Iowa. 

1891. Pleurotomaria carbonaria. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 258. 

Lower Coal Measures: Des Moines, Iowa. 

1891. Pleurotomaria harii. Miller, Geol. Surv. Indiana, Adv. Sheets, 17th Rept., p. 83, pl. H, figs. 3, 4. 

Upper Coal Measures: Kansas City, Mo. 
1892. Pleurotomaria hari·i. Miller, Geol. Surv. Indiana, 17th Rept., p. 693, pl. 14, figs. 3, 4. 

Upper Coal Measures: Kansas City, Mo. 

1895. Pleurotomaria carbonaria. Keyes, Missouri Geol. Surv., vol. 5, p. 138. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1896. Pleurotomaria harii. Smith, Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside 

Lab., No. 9, p. 40. 

Lower Coal Measures: Conway County, Ark. 

1896. Pl.eurotomaria harii. ' Smith, Am. Phil. Soc., Proc., vol. · 35, p. 250. 

Lower Coal Measures: Conway Cou:hty, Ark. 

This shell, of which we have one specimen only, is so small that it seems almost 

grotesque to compare it with the robust species mentioned above. It has, neverthe­

less, much the proportions and markings of Pl. ? ca'rbonaria and Pl. ? l>eckwithiana. 
It is a somewhat more depressed type than either of those mentioned, but in the 

relative coarseness of its strire it can be compared with the former species rather 

than with the latter. The height is about 0.5 mm. and the diameter possibly a trifle 
g-reater. There are three volutions. The peritreme is highly and regularly conv'ex 

and marked by a number of subequal revolving strire which are ~omewhat finer and 

more crowded on the lower than on the upper portion of the peritreme. The slit 

band appears to be situated about medially. 

Locality.-Grand River region, Glenwood Springs (station 2193). 

ACLISINA de KoJ?-inck, 1881. 

AcLISINA STEVENSIANA Meek and Worthen ? 

1866. Thr·ritella? stevensana. Meek and Worthen, Geol. Surv. Illinois, Rept. , vol. 2, p. 382, pl. 27, figs. 

8-8a. 

Upper Coal Measures: North Branch Saline Creek, Gallatin County, Ill. 

1895. Aclisina stevensana. Keyes, Missouri Geol. Surv., vol. 5, p. 202. (Date of imprint, 1894. ) 

Upper Coal Measures: Kansas City, Mo. 

One of the species occurring in the gasteropod fauna found near Glenwood 

Springs is an elongate, turreted shell with three or four revolving strire, which 
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closely resemble8 Aclisina stevensiana Meek and Worthen. We .have only a few not 

very perfect examples of this species and all of its characters ean not he made out. 

The height of one sp~cimen is about 2 mm., and the greatest diameter about 0. 75 

mm. This specimen has 6 whorls. 

Locality.-Grand River reg-ion, Glenwood Springs (station 2193.) 

LOXONEMA Phillips, 1841. 

LoxoNF.MA PARVUM Cox~ 

1857. Chimnitz·ia parva. Cox, Geol. Surv. Kentucky, vol. 3, p. 567, pl. 8, figs. 3, 3a 

Coal Measures: Daviess County, Ky. 

1898. Loxonemaparvum. Weller, U .S. Geol. Surv., Bull. No. 153, p. 335. 

This is a pretty little species, but we have of it only a single specimen. The 

length is somewhat over 2 rom. and the greatest diameter about 1 rom. The volu­

tions are 6 in number, the rate of expansion is rather rapid, and the tinal volution at 

the aperture makes up about one third the full length of the shell. The ornamenta­

tion consists of moderately strong longitudinal costm, of which there are about 11 on 

one side of the volution next the last. The aperture is rather large. 

This shell in size, shape, and ornamentation is very similar to Cox's species, 

LoaYJnema parvum. It differs in having the sutures between the volutions more 

nearly horizontal, and in the fact that the volutions themselves instead of being 

convex are much flattened. 

Locality and horizon.-Grand River region, Glenwood Springs (station 2193). 

LoxoNEMA PLICATUM Whitfield. 

1882. Loxonema plic::dum. Whitfield, New Y m;k A cad. Sci., Ann., vol. 2, p. 231. 

Coal Measures: Carbon Hilf, Hocking County, Ohio. 

1891. Loxonemaplicatum. Whitfield, New York Acad. Sci., Ann., vol. 5, p. 601, pl. 15, figs. 14, 15. 

Coal Measures: Carbon Hill, Hockin~ County, Ohio. 

1895. Loxonemaplicatum. Whitfield, Geol. Surv. Ohio, Rept., vol. 7, p. 486, pl. .ll, figs. 14, 15. 

Coal Measures: Hocking County, Ohio. 

The two not very perfect specimens which I have referred to Loxonerna plicatum 
are certainly . nearly related to Whitfield's species, even if not. specifically identjcal 

with it, as is believed probable. They, much resemble in shape the form which I 

identified as Loxonema p eoriense, but even as internal casts preserve traces of th8 

characteristically notched or rugose surface ornamentation. 

Locatity and horizon.-San J ua~1 region (stations 2342, 2344)-; Rico formation. 

LoxbNEMA ~ PEORIENSE Worthen. 

Pl. X, fig. 8. 

1884. Loxonemapeoriense. Worthen, Illinois State Mus. Nat. Hist., Bull. No.2, p. 7. 

Coal Measures: Peoria County, Ill. 

1890. Loxonema peoriense. Worthen, Geol. Surv. Illinois, Rept., vol. 8, p. 139, pl. 23, figs. 10, lOb. 

Coal Measures: Peoria County, Ill. 
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This form bas been found at two localities i 

and 2342, at the latter of which it is fairly con 

closely similar to Worthen's species and are pro 

ense is so different in the character of its surfa 

American Carboniferous representatives of Lox 

are elsewhere, possibly with Streptacis Meek. 

the Rico formation, stations 2345 

on. The Colorado specimens are 

ably identical. Loxonema? peor"i­

e ornamentation from at least our 

ema. as to suggest that its affinities 

Locality and lwrizon.-San Juan region (st 2342, 2345); Rico formation. 

LoxoNEMA s 

The only specimen representing this speci unfortunately very imperfect. 

It seems to be a rare form, more nearly relate to Loxonema halli Norwood and 

Pratten than to any with which I am acquainted. 
Locality and lwrizon.-Leadville district (, ation 2275); upper portion of the 

vVeber formation. 

PLATYCERAS Con ad, 1840. 

PLATYCERAS PARVU:M Swallow. 

Pl. X, figs. 1, 1a, 2, 2a. 

1858. Capulus parvus. Swallow, Aead. Sci., St. Louis, Tra s., vol. 1, p. 205. 

Coal Measures: Valley of the Verdigris, Kans. 

1872. Platyceras nebrascensis. Meek, U. S. Geol. Surv. Ne raska, p. 227, pl. 4, figs. 15a, b. 

Upper Coal Measures: Three-fourths of a mile west f Nebraska City Landing, Nebr. 

Middle Coal Measures: Illinois. 

1875. Platyceras nebrascense. White, U . S. Geog. Geol. Su v. ,V. 100th Mer., Rept., vol. 4, p. 159, pl. 

12, figs. 5a-d ('Vhole volume published in 1877. ) 

Carboniferous: Near. Santa Fe, N.Mex. 

1884. Platyceras nebrascene. White, Geol. Surv. Indiana, 1 th Rept., p . 159, pl. 32, figs·. 15, 16. 

Coal Measures: Eugene, Edwardsport, and New Har ony, Ind. 

1890. Capulus parvus. Keyes, Am. Geol., vol. 6, p. 9. 

1890. Capulus parvus. Keyes, Acad. Nat. Sci. Philadelphi , Proc., p. 177, pl. 2, figs. 14a-c. 

Upper Coal Measures: Indiana; Iowa; Nebraska; K nsas; and New Mexico. 

1895. Capulus part•us. Keyes, Missouri Geol. Snrv., vol. 5, p. 180, pl. 54, figs. 5a, b . (Date of imprint, 

1894.) 

Upper Coal Measures: Kansas City, Mo. 

Only two specimens in the collections were ound representing this species, but 

one of them is the largest individual I have ever seen belonging to it. It measures 

no less than 35 mm. across the base, and its long st diameter is 47 mm. 

Keyes places Platyceras nebraskense ~leek i the synonymy of Oapulus parvus 

Swallow. Swallow's description seems to appl to Platyceras nebraskense, and the 

figures given by Keyes of a specimen supposed o be the type of Pl. parV?.tm cer­

tainly look as if the original might have been young example of Meek's species. 

On the other hand, we have the statement by Me k, ''This species resembles more or 
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less nearly several of th9se d('.scribed :from different horizons in the Western States, 

but after a critical comparison I ,have been unable to identify it with any of them." . 

It is, therefore, with hesitation that I adopt the synonymy suggested by Keyes. My 
reasons for using the generic term Platyceras instead of Capul'us will be found stated 

on. a previous page of this report. 

Locality and horizon.-San Juan region (stations 2218, 2279); lower and upper 
portions of the Hermosa formation. 

STROPHOSTYLUS Hall, 1859. 

STROPHOSTYLUS cf. NANUS Meek and Worthen 

1860. Platyootoinanana. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 463. 

Upper Coal Measures: ·Springfield, Ill. 

1861. NatiropSis nana. Meek arid Worthen, Acad. Nat. Sci. Philadelphia, Proc'., p. 148; 

1866. Naticcpsis nana. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 2, p. 365, pl. 31, figs. i:a, b. 

Upper Coal Measures: Springfield, Ill. 

1875. Naticopsis nana. White, U. S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 4, p. 159, pl. 12, figs. 

4a, b. · (Whole volume published in 1877.) 

Carboniferous: Camp Cottonwood, near Spring Mountain, Lincoln County, Nev. 

1884. Naticopl!i.s nana. White, Geol. Surv. Ind,iana, 13th Rept., p. 162, pl. 36; figs. 6, 7, 

Middle and Upper Coal Measures: Indiana. 

1888. Naticopsis nana. Herrick, Sci. Lab. Denison Univ., Bull., vol. 4, pl. 11, fig. 8. · 

Coal Measures: Fultonham, Ohio. 

1891. Natiropsis nana. Keyes, Acad. Nat. Sci. Philadelphia, Proe., p. 257. 

Uwer Coal Measures: Des Moines, Iowa. 

1895. Strophostylus nana. Keyes, Missouri Geol. Surv., vol. 5, p. 196. (Date of imprint; 1894.) 

• Upper Coal Measures: Clinton and Kansas City, Mo. 

1896. Naticopsis nana. Smith, Leland Stanford Junior Univ. Publ.; Cont. Biol. Hopkins Seaside Lab., · 

No. 9, ·p. 40. 

Upper Coal Measures: Sebastian County, Ark. 

1896. Naticopsis nana. Smith, Am. Phil. Soc., Proc., vol. 35, p. 250. 

Upper Coal Measures: Sebastian County,, Ark. 

This little :form probabiy finds its closestAmerican ally in Strophostylus nanus 
Meek and Worthen, which, though itself a small species, is fairly gigantic when 
compared with its Colorado relative. The latter rarely exceeds 2 mm. · in height, 

' but in configuration it· greatly resembles the larger shell. The spire · is depressed. 

There are three' volutions, increasing rapidly . in size, but the final one is probably 

not as inflated as in typical S. nanus. 
Locality and Aorizon.-Grand River region, Glenwood Spri~gs (station 2193). 
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8TROPROSTYLUS SUBOV ATUS Worthen? 

Pl. X, figs. 3, 3a. 

l 873. Naticopsis subovatus. Worthen, Geol. Surv. Illinois, Rept., val. 5, p. 595, pl. 28, fig. 9. 

Upper Coal Measures: Lasalle, Ill. 

1898. Strophostylus subovatus. Weller, U. S. Geol. Surv., Bull. No. 153, p. · 615. 

This identification is based upon a single specimen, which is distinguished from 

St. rernex by its lower spire and more rapidly enlarging yolutions. lt is much 

smaller than fully grown St. sub(Yoatus, but resembles it in shape closei· than any 

other form with which I am acquainted. 

Locality and horizon.-San Jua11 region (station 2217?); middle portion of ·the 

Hermosa formation. 

STROPHOSTYLUS REMEX White. 

Pl. X, figs,. 4, 4a, 5 to 5 b. 

1876. Naticopsis remex. White, Powell's Rept. Geol. Uinta Mountains, p. 109. 

Lower Aubrey group: Confluence of Grand and Green rivers, Utah. 

1880. Naticopsis remex. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, pt. 1, p. 
139, pl. 34, fig. 6a. 

Middle Carboniferous: Confluence of Grand and Green rivers, Utah. 

1883. Naticopsis remex. White, U. S. Geol. Geog. Surv. Terr. , Twelfth Ann. Rept., for 1878, pt. 1, p. 

391, pl. 34, fig. 6a. 

Middle Carboniferous: Confluence of Grand and Green rivers, Utah. 

1891. Naticopsis remex. White, U. S. Geol. Surv., Bull. No. 77, p. 24, pl. 3, fig. 10. 

Permian: Military Crossing and Goodwin Creek, Baylor County, Tex. 

1895. Strophostylus remex. Keyes, Missouri Geol. Surv., val. ·5, p. 197, pl. 55, figs. 7a; b. (Date of 

imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

This form occurs in the Rico formation at station 2345 and is abundant at station 

2340. An imperfect specimen from the Leadville region (station 2273} seems to 

belong to this species. Some of the smaller individuals approach St. nanus. 
Locrtlity a·nd horizon. -~San Juan region (stations 2340, 2345); Rico formation. 

Leadville district (station 2273); Robin son limestone. 

NATICOPSIS McCoy, 1844. 

NATICOPSIS ALTONENSIS McChesney. 

1865. Natica altonensis. .~cChesney, Illustrations New Spec. Foss., pl. 2, figs. 14a, b. 

Coal Measures: Alton, Ill. 

1868. Naticopsis altonensis. McChesney, Chicago Acad. Sci., Trans., vol. 1, p. 50, pl. 2, figs. 14a-c. 

Coal Measures: Alton, Ill. 
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1873. Naticopsis altonensis. Meek and Worthen, Geol. Surv. Illinois, Rept. , vol. 5, p. 595, pl. 28, figs. · 

lla, 11 b. (Naticopsis altonensis? on description of plates.) 

Coal Measures: Macoupin County, Ill. 

1881. Naticopsis altonensis. White, U. S. Geog; Geol. Surv. 1N. 100th Mer., Rept., vol. 3, Supp., Appen- · 

dix, p. xxxv, pl. 3, fig. 6a. 

Carboniferous: Near Taos, N. Mex. 

· Only four specimens have been referred to this species, and they are, unfor­

tunately, in an imperfect condition. One of them, from station 2223, in the Rico 
quadrangle, closely res~mbles the elongate shell upon :which the original description 
was based. It is, however, considerably larger, having a length of not less than 55 
mm., and possibly belongs to the variety which Meek and vVorthen figured under 

the varietal name of giqanteus. a Another shell, from station 2340 in the same 
area, is moi:e compact and has the shape depicted by Meek and Worthen's figures 

lla and llb, which they identify as N. altonensis? It is about the size of the 

specimen represented by these figures and _is smaller than the example previously 
mentioned. 

Two shells from Sinbads Valley, whose mutua] relations are not quite certain, 
have been doubtfully identified with .J!. altonensis. They are internal casts, not very 

perfect at that, and their real affinities are obscure. It is possible that one of them 

may be a Soleni8cus, related to S. ponderosus. ~ 

Locality and lwrizon.--San Juan region (stations 2200, 2340); middle portion of 
the Hermosa formation and in the Rico formation. Dolores River region, Sin bads 
Valley (station 2285); top of the Hermm~a formation. 

NATICOPSIS MONILIFERA White. 

1880. Naticopsis moniliffra. White, U. S. Geol. Geog. Surv. Terr., Tw~lfth Ann. Rept., for 1878, pt. 

1, p. 168, pl. 42, figs. 3a-c. 

Upper Coal Measures: Pleasant Hill, Cass County, Mo. 

1881. Naticopsis monil~fera. White, U.S. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Supp., Appen­

dix, p. xxxiv, pl. 3, figs. 3a-d. 

Carboniferous: Near Taos, N.Mex. 

1895. · Plew·otomaria monilifera. Keyes, Missouri Geol. Surv., vol. 5, p. 144. (Date of imprint, 189~.) 

Upper Coal Measures: Pleasant Hill and Kansas City, Mo. 

My specimens are so _much exfoliated as to be reduced · almost to the condition 
of internal casts. The beaded ornamentation on the upper portion of the peritreme 

near the suture line is plainly visible, but otherwise, from such evidence as is avail..: 

able, I judge thatthe surface was without ornamentation. In general conformatio~ 
these specimens are in the closest agreement with White's figures and descriptions, 
and as they also agree with the specimen from Tam:;, N. Mex., which he figures as 
N. 1nonili.fera, it is with little hesitation that they are referred to that species. _ 

a Geol. Surv. Illinois, Rept., vol. 5, 1873, pl. 28, figs. 12a, 12b. 
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Although the shell, aside from the ornamental feature ] ust mentioned, appears 
to be plain, yet, thinking that such characters might be obscured by the exfoliated 

condition which prevails, I at first identified these specimens as Pleurotomarria? 
spironerna M. and W. They much resemble that species in shape, and might readily 
be mistakenly referred to it in their present condition. My material was compared 

with exfoliated specimens of Pl.? spironema from :Menard County, Ill. (identi­

fication by Worthen), and close agreement was found. The one . fairly constant 
character that I can point out i~ that in Pl. ? spironema t.he beading is stronger and 

more elongate in a direction perpendicular to the suture. 
Keyes places this species with Pleurotornaria because he thinks that some time 

it will be shown to possess a slit band, though the type specimen seems to be without 
that character. I do not see, however, that matters are improved by this course, as 
a Pleurotomaria without a slit band is certainly more anomalous tha~ ~ Naticopsis 
with a row of ornamental nodes. Accordingly I have replaced it· with the genus to 

which it was ascribed by White. 
LocaUty and lwrizon.-San tTuan region (stations 2231, 2342, 2345); Hermosa 

and Rieo formations. 

EUOMPHALUS Sowerby, 1812. 

EuoMPHALUS CATILLOIDES Conrad. 

1842. Inachus catilloides. Conrad, Acad. Nat. Sci. Philadelphia, Jour., (1), vol. 8, p. 273. 

Coal Measures. 

1858. Euomphaht,S rugosus. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 722, pl. 29, figs. 14a-c. 

Coal Measures: Illinois. 

1866. Serpula ( Spirorbis) planorbites. Geinitz, Car b. und Dyas in Nebraska, p. 3, tab. 1, fig. 6. 

Upper Coal Measures: Nebraska. 

1872. Straparollus (Euomphalus) rugosus. Meek, U. 8. Geol. Surv. Nebraska, p. 230, pl. 6, figs. 5a, b 

pl. 11, figs. 4a, b. 

Upper Coal Measures: Nebraska City, Rock Bluff, Aspinwall, and Cedar Bluff, Nebr. 

Coal Measures: Kansas; Missouri; Iowa; Illinois. 

1873. Straparollus (Euomphalus) subrugosus. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, 

p. 607, pl. 29, fig. 11. 

Coal Measures: Springfield, Ill. 

1874. Euomphalus 1·ugosus. Meek, Am. Jour. Sci., (3), vol. 7, p. 583. 

Coal Measures: Illinois. 

1884. Euomphalus (Straparollus) subrugosus. Walcott, U. S. Geol. Surv., Mon. , vol. 8, p. 255, pl. 18, 

fig. 19. 

Lower Carboniferous: Eureka district, Nevada. 

1884. Euomphalus rugosus. White, Geol. Surv. Indiana, 13th Rept., p. 161, pl. 32, figs. 11, 12. 

Coal Measures: Indiana. 

1888. E uomphalus rugosus. Keyes, A cad. Nat. Sci. Philadelphia, Proc., p. 241. 

Lower Coal Measures: Des Moines, Iowa. 

14364-No. 16-03--30 
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1891. Straparollus catilloides. K8yes, Acad. Nat. Sci. Philadelphia, Proc., p. 255. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Straparollus catilloides. Keyes, Missouri Geol. Surv., vol. 5, p. 160. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo.; Atchison, Kans. 

There can be little doubt that the shell described by Hall as Euomph.alus rugosus, 
and to which Meek and Worthen afterwards gave the specific name subrugosus, is 
the same for which Conrad had already proposed the name Inachus catilloides, a 
circumstance which was, I believe, first pointed out by Keyes. Eu. catilloides has 
been recognized at but three localities. in Colorado and is represented by only four 
specimens in all. 

Locality wnd horizon.~San Juan region (station 2333); middle portion of the 
Hermosa formation. Crested Butte district (station 2298); Maroon formation. 
Dolor~s River region, Sinbads Valley (station 2285}; top of the Hermosa formation. 

BULIMORPHA Whitfield, 1882. 

BuLIMORPHA CHRYSALIS Meek and Worthen. 

Pl. X, figs. 6, 6a, 7, 7a. 

1866. Polyphemopsis chrysal-is. Meek and Worthen, Acad. Nat. Sci. Philadelphi~, Proc., p. 267. 

Lower Coal Measures: Hodges Creek, Macoupin County, Ill. 

1873. Polyphemopsis chrysalis. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 5, p. 596, pl. 28, 

fig. 7. 

Coal Measures: Hodges Creek, Macoupin County, Ill. 
1889. Bulimorpha chrysalis. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 300. 

189L Bulimorpha'! chrysalis. Keyes, Acad. Nat. Sci. Philadelphia, .Proc., p. 264. 
Lower Coal Measures: Des Moines, Iowa. 

The form which has been referred to B. chrysalis is not abundant, and identifi­
cation has not in every case been accomplished with complete satisfaction. Though · 1 

slight differences have been observed, th}-s species has been identified at stations 2342, 

2345, and 2347, all of which are in the Rico formation. At station 2271, in the Lead­
ville district, occurs a somewhat larger though otherwise very similar shell, which 
the faunal list of the Leadville monograph a suggests may belong to this species. 

Locality and lwrizon.--San Juan region (stations 2342, 23<1:5, 2347); Rico forma­
tion. Leadville district (station 2271). 

SOLENISCUS Meek and "'" orthen, 1860. 

SoLENrscus cf. PALUDINIFORMIS Hall. 

1858. Macroche'ilus paludinmjormis. Hall, Geol. Surv. Iowa, voL 1, pt. 2, p. 719, pl. 29, fig. 10. 

Lower Coal Measures: Des Moines Valley, Iowa. 

~ 1884. Soleniscus (Macrocheilus) paludint!'jormis. White, U.S. Nat. Mus. Proc. , vol. 6, p. 187, pl. 8, fig.17. 
Carboniferous: Indiana. 

aU. S. Ge9l. Surv., Mon., vol. 12, 1886, p. 67. 
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1884. Soleniscus (1lfacrocheilus) paludincejor.mi.s. White, Geol. Surv. Indiana, 13th Rept., p. 154, pl. 34, 

fig. 17. 

Coal Measures : Vermilion County, Ind. 

1888. Macrocheilu.s paludincejormi.s. Herrick, Sci. Lab. Denison Univ., Bull., vol. 4, pl. 11, fig. 10. 

Coal Measures: Fultonham, Ohio. 

1889. Soieni.scu.s paludincejormi.s. Keyes, Am. Nat., vol. 23, p. 423, pl. 20, fig. 16. 

1889. Soleni.scu.s palud'inxjormi.s. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 308. 

1891. Soleniscu.s paludincejormis. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 262. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Soleni.scu.s paludincejormi.s. Keyes, Missouri Geol. Surv., vol. 5, p. £11. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

Of this species we have a single representative which, when complete, had a 
length of about 5 mm. 'there are 5 volutions visible, the lower one of ·which 

is inflated and comprises well-nigh two-thirds of the entire length. The spire is 

somewhat attenuated. In general character this shell is very close to S .. paludini­
formis Hall, especially the form figured by White under that name. Besides being 

very much smaller, however, the Colorado specimen is probably a trifle more slender 
and has a slightly higher spire. 

Locality.-Grand River region, Glenwood Springs (station 2193). 

MINUTE GASTEROPODS. 

At several stations collections were made consisting almost entirely of minute 
gastropods in sufficient abundance to give character to the strata. Although they 

are too imperfect to be identified, and no serious attempt to do so has been made, 

the circumstance is perhaps worthy of mention. At station 2213 in the Durango 
quadrangle and 2294 in the Crested Butte quadrangle they occur in chert bands 
and are quite numerous; at 2296, also in the Crested Butte, in · a limestone 

conglomerate; at 22~9, in the Leadville district, they are common, but not equally 
abundant. It is possible that station 2193, near Glenwoo_d Springs, from which a 
number of minute gastropod forms have been obtained, is on the horizon of one or 
other of the stations above mentioned. The fossils from the former are in a fair 
state of preservation and have been provisionally identified with known species. 

Locality and horizon.~San ~Juan region (stations 2212, 2213); lower and middle 

portions of the Hermosa formation. Crested Butte district (stations 2294, 2296); 

Maroon formation. Leadville district (station 2269); upper portion of the Weber 

formation. 
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BELLEROPHON Montfort, 1808, emend. · W aagen, 1884. 

BELLEROPHON CRASSUS Meek and Worthen. 

1860; Bellerophon crassus. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., p. 458. 

Lower Coal Measures: Pittsburg, St. Clair County, Ill. 

1866. Bellerophon crassus. Meek and Worthen, Geol.Surv. Illinois, Rept., vol. 2, p. 385, pl. 3i, figs. 

16a, b. 

Lower Coal Measures: Pittsburg, St. Clair County, Ill. 

1875. Bellerophon crassus. White, U.S. Geog. Geol. Surv. W. lOOth Mer., Rept., vol. 4, p. 157, pl. 12, fig. 

la. (Whole volume ·published in 1877.) 

Carboniferous: Camp Cottonwood, near Spring Mountain, Nev. 

1884. Bellerophon crassus. White, Geol. Surv. Indiana, 13th Rept., p. 157, pl. 33, figs. 1, 2. 

Upper Coal Measures: Sullivan and Posey counties, Ind. 

1886. Bellerophon crassus ( var. )? Heilprin, 2d Geol. Surv. Pennsylvania, Ann. Rept. for 1885, p. 4f>7. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Bellerophon crassus (var.)? Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, pt 

2, p. 277. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Bellerophon (cf. crassus). Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 20, pl. 5, :fig. 6. 

Coal Measures,: Flint Ridge, Ohio. • 

1891. Bellerophon crassus. White, U. S. Geol. Surv., Bull. No. 77, p. 26. 

Permian: Military Crossing, Baylor County, Tex. 

1895. Bellerophon- crassus. Keyes, Missouri Geol. Surv., vol. 5, p. 15i, pl. 50, figs. 1a, b. (Date of 

imprint, 1894.) 

Upper Coal Measures: Kansas City and Lexington, Mo. 

1896. Bellerophon crassus. Smith, Leland Stanford Junior .Univ. Publ., Cont. Bio!. Hopkins Seaside 

Lab., No. 9, p. 39. 

Lower Coal Measures: Conway County, Ark. 

1896. Bellerophon cra8sus. Smith, Am. Phil. Soc., Proc., vol. 35, p. 249. 

Lower Coal Measures: Conway County, Ark. 

1897. Bellerophon crassus. Ulrich, Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3,· pt. 2, p. 853. 

Coal Measures. 

1899. Bellerophon crassus. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 592. 

As almost all the specimens of this speci~s · oc<mr in the form of internal casts, 
it can scarcely be said that the identification suggested above is worthy of entire 
reliance. At the same time they agree with specimens of B. crassus from the 
Mississippi Valley similarly preserved in all · the characters of which their imperfect 
condition permits recognition. It is not at all improbable, however, that among the 
smaller shells referred to this species there are some which should be placed with 
other groups, especially with Euphemus. 

Locality and korizon.-"-San Juan region (stations 2216, 2217, 2234~, 2340, 
2341, 2342); middle and upper portions of the Hermosa formation and in the Rico 
formation. Crested Butte district (station 2293); Maroon formation. . Leadville 
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district (stations 2273, 2275); upper portion of the Weber formation and · in the 
Robinson limestone. 

BELLEROPHON GIGANTEUS \V orthen? 

1884. B ellerophon giganteus. Worthen, Illinois State Mus. Nat. Hist., Bull. No. 2, p. 8. 

Lower Coal Measures: Monroe County, Ill. 

1890. Bellerophon giganteus. Worthen, Geol. Surv. Illinois, Rept., vol. 8, p. 143, pl. 25, figs. 5, 5a. 

Lower Coal Measures: Monroe County, Ill. 

1897. B ellerophon giganteus. Ulrich, Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3, pt. 2, p. 853. 

1899. Bellerophon giganteus. Girty, U. ~· Geol. Surv., Nineteenth Ann. Rept., pt. 3, p . 592. 

At station 2338 in. the Rico formation occurs a Bellerophon of so large size that I 
have tentatively referred it to B. giganteus Worthen. This species was founded 

upon an internal cast and no determinative characters are known except its shape 

as such and its large size. The character last mentioned seems to have even less · 

specific significance among the Bellerophontacea than in other groups. Among what 
seem to be mature examples well-known species show unusual variation in this 

regard. For instance, in the case of B. percarinatus, which is not often a large form 

and where an axial dia·meter of 25 mm. would not, perhaps, be under the average, an 

example now before me, apparently belonging to the same species, would -have had, 
if perfect, a dimension of over 100 mm. So that as far as known B. giganteus 
might well be an unusual example of one of the well-known species. 

· The specimens fro;n Colorado are much broken, but some of them must have 
attained a size much greater than ordinary. A.nother specimen in our collections 

which, so far as my material permits me to judge, is the same species as that from 
Colorado is said to have been found at Alton, Ill., and in the Coal Measures. The 
following notes are taken from the Colorado material. Fully grown specimens 

probably had a diameter of at least 85 mm. measured in the plane of revolution: A 
transverse section near the aperture is not a regular curve, but rather has the shape 

of a Gothic arch, being somewhat pointed at the top with a raised slit band. The 
surface is marked by rather strong transverse strirn or sublamellose growth lines 

which bend backward more or less strongly .as they approach the band. The shell is 
thick and massive, and the interior section is not far from a regular curve, the differ­

ence of contour between the inside and the out residing entirely in a median thick­

ening of the shell. In the earlier stages the outside curvature also seems to be 

regular. There is some evidence for believing that B. gigantmts .~together with B. 
crassus and B. stevensianus represent a single ontogenetic type. The chief, seemingly 
the only, points of difference betwe~n B. giganteu8 .'?and what may be called typical B. 
crasstts is its large size and its keeled dorsum, but younger specimens of the former do 
not present the carinate condition and are of course of smaller dimensions. What I 
have reason to believe are young specimens of B. crassus are about the size and 
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shape of B. stevensianus, while the growth lines are stronger and more regul11r than 
in the mature form. I am prepared to believe that half-grown shells of G. giganteus? 

can not be distinguished from B. c'rassus, and that young specimens of .13. crassus 

(and probably of the large form also) are indisti~guishable from B. stevensianus. . 

As regards the specific relationship of the Colorado (and the Illinois) form with 
Worthen's species, it is evident that an internal cast of the former would have the 
rounded conto~r of the latter, and the large size of both lends probability to the 
identification. It need not be pointed out, however·, that B. giganteus differ~ in 
shape from the form provisionally referred to it, at least in that it is a more rapidly . 

expanding and som~what more flaring type. Th~ circri~stan,ce that Worthen's 
spe~imen is an internal cast and perhaps otherwise not well preserved, while the 
aperture of my own is defective, widens the field of individual judgment: 

Locality and horizon.-San ~Juan region (station 2287); middle portion of the 

Hermosa formation . 

. BELLEROPHON (sensu strictu) PERCARINATUS Conrad? 

1842. B ellerophon percarinatus. Conrad, Acad. Nat. Sci. Philadelphia, .Tour., (1), _vol. 8, p. 268. 

Coal Measures: Inclined plane of the Alleghany Mountain, in "black shale overlying the s~ratum 

of coal No. 7, Huntingdon, Pa. (?). 
1855. Bellerophon percarinatus. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, Jour., (2), vol. 3, . 

p. 74, pl. 9, figs. 4a-c. 
Coal Measures: Grayville, Ill.; Posey County, Ind., 5 miles below New Harmony. 

1872. Bellerophon peTcarinatus. Meek, U. S. Geol. Surv. Nebraska, p. 227, pl. 11, .fig. 14. 

Upper Coal Measures: Nebraska City and Brownville, Nebr.; Grayville, Ill.; Illinois, Iowa, 

· Missouri. 

Lower Coal Measures: West Virginia. 

1884. B elleTophonpeTca.rinatus. White, Geol. Surv. Indiana, 13th Rept., p. 158, pl. 33, figs. 9-14. 

Coal Measures: Indiana. 
Bellerophon percaTinatus. Claypole, Proc. and Coll. Wyoming Hist. and Geol. Soc., vc;>l. 2, pt. 2, 

p. 246. 
Lower Coal Measm:es: Wilkesbarre, Pa. 

1887. Bellerophon percarinatus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 17, pl. 2, fig. 14 . 

. Coal Measures: Flint Ridge, Ohio. 
1888. Bellerophon percarinatus. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 234. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Bellerophon percarinatus. Keyes, Missouri Geol. Surv., vol. 5, p. 153, pl. 50, figs. 2a-f. (Date 

. of imprint 1894.) 

Upper Coal Measures: Kansas City, Mo. , 

1897. Bellerophon percarinaius. Ulrich, Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3, pt. 2, 

p. 853. 

Coal Measures. 

1899. Bellerophon p ercarinatus. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 592. 

The material . studied, though poorly preserved, i8 sufficiently well characterized 
to show that it certainly belongs to the group of B ellerophon pe:rcarinatus. Whether 
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it belongs precisely to that species or to the closely related B. harrod,i I am not able 
to say. The species seems to be abundant in the Hermosa formation at station 2327. 

Locality and lwrizon.-San ~Juan region (stations 2217, 232'7); middle portion of 

the Hermosa formation. Leadville district (station 2275); upper portion of the 

vVeber formation. Dolores River region, Sinbads Valley (station 2285); top of the 

Hermosa formation. 

PATELLOSTIU1VI Waagen, 1880, emend. Ulrich, 1897. 

PATELI.OSTIUM OURAYENSE Gurley. 

Pl. X, figs. 10 to lOb. 

1884. Bellerop~on O'Urayer~,Sis. Gurley, New Carb. Foss., Bull. No. 2, p. 8. 

Upper Carboniferous: Ouray, Colo. 
1899. Patellostium ourayense. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 589. 

It is unfortunate and somewhat surprising that among the collections examined, 

many of which must have come :irom the same horizon, a'nd some from near the type 

. locality of Patellostittm ourayense, which Gurley described without figures in 1884, 

no representative of that species has come to hand. Through the courtesy of t~e 
department of geology of Chicago University, however, I am enabled to figure the 

typical specimen of that species which will be found represented by figs. 10, lOa, lOb 
of Pl. X. The original description of Patellostium ourayense, quoted in· full, is a~ 

follows: 
' 'Shell medium size, subglobose, moderately expanding, slightly depressed lat­

erally. Aperture reniform, arcuate. Umbilicus distinct, rather small. Lip con­
forming to the general direction of the growth of the shell, thin, slightly reflexed at 
the junction with the inner whorl. Lip divided into two lobes by a shallow mesial 
sinus formed by the ge'ltle backward curve of the margin as it approaches the center 

of the lip. 
•' Mesial band consisting of a sharply raised smooth ridge which is scarcely more 

than a prominent well-developed revolving line. 
"Surface marked by several sparsely arranged revolving strire which become 

very numerous and crowded close to the mesial band, there being seven strire within 
a space of 2 millimeters on each side of the mesial band, while on the remaining por­
tion to the umbilicus there are only five str·ire occupying a space of about 5 milli­
meters in width. These lines increase by implanation with the growth of the shell. 

'l' There are numerous fine, sharply defined transverse lines of growth which 
curve gracefully backward as they approach the carina. These lines of growth are 
equal y as prominent as the revolving strire, and terminate a short distance from the 
sharpl raised mesial band. The revolving strire and transverse lines of growth give 
the sqrface ~ rather coarse imbricate appe-arance, although in crossing each other the 
lines f're unmterrupted. 

'f This species has the general form of B: stevmuanus McChesney, possessing 
the l~terally depressed sides and sharply raised mesial band seen in that form, but 
differing very materially in the ornamentation. 
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"Position and locality.-From a hard, dark micaceous sandy shale belonging 
to the Upper Carboniferous series and probably equivalent to the Middle Coal 
Measures, Ouray, Colo.,, 

A comparison of the terms of this description with the type specimen shows 
several inaccuracies of expression and one or two additional points to which· I desire 

to call attention. The statement describing the mesial band is misleading, for that 
structure is not smooth but crossed by distinct sublamellose strire, and it is many 

times as large as the revolving lines which cross the surface of most shells of this 

group. In fact, it is proportionately as large if not a little larger than it is usual 
for the slit band to be. The surface ornamentation consists of transverse and 

revolving elements which, however, are different in character from one another. 

The revolving lines are sharply elevated, threadlike strire which in the specimen in 

hand are irregular in size and distribution, so that in it the two sides of the shell are 
differently marked. ,As shown by the figure (fig. 10), the strire which traverse the 
left side, some 5 or 6 in number, while irregularly distributed, are in every case 

separated by intervals many times their own width. Between these , I think there 
can be discerned traces of much finer revolving lines. On the other side, the strire 
are somewhat finer and crowded near the band, but .the outer or umbilical portion of 
this side is marked similarly to the other. Both sides, where the jnner end of the 
whorl is about to be lost in the aperture,' are marked alike by fine, crowded strire, 
among which some, more or less regularly distributed, are larger and stronger than 

the others. On the whole, the surface of the average specimen probably consisted 
of fine, crowded, revolving lines with larger ones at intervals. Transversely, the 
shell is marked by many fine-growth "lines and by rugre, which are not only much 
coarser than the revolving strire, but different in character, inasmuch as they are 
poorly defined instead of being sharply and suddenly elevated. ThPy seem to be 
similar to the rugose elevations which form so marked a character in P. monifor.t­
'ianum, but are more numerous and much less prominent. ,Growth lines and strire 
are directed as in the original description, but both can be traced quite to the slit 
band. The vault of the shell is not of the rounded, eircular type, but, being 
elevated medially and somewhat flattened laterally, the shape of the section is rather 
that of a Gothic arch. 

This species is related to P. bellum and P. nodocostatum, but seems to be distinct 

from either. I have compared the type specimen of P. ourayense with a large series 
of specimens from Rulo, Nebr. which probably can be referred to P. bellum, 
and am able to point out the following differences: The peritreme of P. bellum is 
flattened on top with a circular section, while that of P. ourayense is compressed and 
pointed at the slit band. The surface ornamentation is very similar in the two · 

species. It differs chiefly in that the transverse rugre are stronger a~d more sharply 
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defined in P. bell-wn, being, in fact only slightly different from the revolving stri::B 

"vith which they regularly decussate, forming indistinct nodes at the points of inter­
section. The revolving stri::B in P .. bellum are somewhat stronger and coarser, while 

the transverse markings go nearly straight across instead of being curved, with a 

backward inclination. The slit hand also is marked by strong rug:£ alternating with 

those of the lateral surface, while the slit band of P. ourayense, though marked by 

stri::B, is but slightly rugose. 
Locality and lwrizon.-Near Ouray at about the same locality and horizon as 

station 2195. 

PATELLOSTIUM MONTFORTIANU:l\'I Norwood and Pratten. 

1855. Bellerophon montjortianus. Norwood and Pratten, Acad. Nat. Sci. Philadelphia, .Tour., (2), vol. 3, 

p. 74, pl. 9, figs. 5a-c. 

Coal Measures: Galatia, Ill., and 5 miles below New Harmony, Ind. 

1866'. Bellerophon montjortianus. Geinitz, Carb. und Dyas in Nebraska, p. 8, tab. 1, fig. 13 . 

. Coal Measuree: Nebraska City, Nebr. 

1866. Bellerophon interlineatus. Geinitz, Carb. un~ Dyas in Nebraska, p. 8, t~b. 1, fig. 14. 

Coal Measures: Nebraska City, Nebr. 

1872. Bellerophon montjortianus. Meek, U. S. Geol. Surv. Nebraska, p. 225, pl. 11, figs. 15 (12?). 

Upper Coal Measures: Nebraska City, Nebr. 

Coal Measures: Nebraska, Kansas, Iowa, Missouri, and Illinois. 

Lower Coal Measures: 'Vest Virginia. 

1876. Bellerophon monifortianus. w·hite, Powell's Rept. Geol. Uinta Mountains, p. 92. 

Upper Aubrey Group: Confluence of Grand and Green rivers, Utah. 

1887. Bellerophonmontjortianus. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 19, pl. 2, fig. 1; pl. 5, 

fig. 8. 

Coal Measures: Flint Ridge, Ohio. 

1888. Bellerophon rnontfortiarms. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 235. 

Lower Coal Measures: Des Moines, Iowa. 

1R91. Bellerophon rnontjortianus. ·white, U. S. Geol. Surv., Bull., No. 77, p. 26, pl. 3, figs. 15, 16. 

Permian: Goodwin Creek, Baylor County, Tex. 

1891. Bellerophon rnontjortianus. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 254. 

Lower Coal Measures: Des Moines, Iowa. 

1895. Bellerophon.rnontjortianus. Keyes, Missouri Geol. Surv., vol. 5, p. 151. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1897. Patellostiurn rnonifortanus. Ulrich, Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3, pt. 2, 

p. 854. 

Coal Measures. 

1899. Patellostiurn rnontfortianum. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 589. 

Though the material representing this species is imperfect, the identification may 

be considered fairly reliable in some cases. A poorly preserved individual found at 
station 2275 in the Tenmile district has been referred to 1). montfortianum with 

doubt. It may be a very large example of P. bellum. 

, 
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Locality and lwr-izon.-San Juan region {stations 2204:?, 2221_?, 2327); upper 
portion of the Hermosa formation. Leadville district (station 2275 ?) ; upper portion 
of the Weber form·ation. 

PATF.LLOSTIUM BELLUM Keyes. 

1895. Bellerophon bellus. Keyes, Missouri Geol. Surv., vol. 5; p. 148, pl. 50, fig. 7. (Date of imprint 

1894.) 

Upper Coal Measures: Kansas City, Mo. 

1899. Patellostium nodocostatnm. Girty (non Gurley), U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 

3, p. 590. 

Upper Coal Measures: Atoka quadrangle. 

The material representing this species is so very scanty, fragmentary, and poorly 
preserved that I find myself unable to identify it with the accuracy desirable. That 

from the Hermosa formation (Rico quadrangle, Saqdstone Mountain, station 2217), 

though the surface ornamentation ·is partially obscured, is close to P. bellum, and 
probably better· material would sanction the identification. . From the Rico formation 

but two specimens have been obtained. One from station 2340 is practically inde­
terminable, but probably is conspecific with the other. The specimen from station 
2337 seems to be somewhat different from the form obtained from the Hermosa 

formation. It shows a small area of surface in fairly good preservation, whose 
ornamentation differs from that of P. bell!um in having the transverse strire finer and 
t~harper and the revolving strire finer and more nearly equal. It is possible, there­
fore, that the Patellostium. which -occurs in the Hermosa formation is not the same 

as that from the Rico formation. 

On a former oceasion I ventured to throw Patellostium bellum Keyes into the 
synonymy of P. nodocostatum Gurley, basing the opinion upon Gurley's description 
on one hand and on the other upon specimens from Rulo, Nebr., thought to belong 

to P. bell!um. Through the courtesy of the department of geology of Chicago 
University I have enjoyed the privilege of examining the types of Gurley's species 
of _Belleroplwn, and now feel compelled to reverse the judgment expressed at that 

time. In view of its intimate relations with several of Gurley's sp~cies, the small 
figure and brief description of Keyes afford an inadequate conception of P. bellum. 
Nevertheless the Rulo specimens are still believed to belong to that species. From 

these P. nodrJcostaturn differ3 in having the transverse s~rire somewhat stronger and 
the revolving strire finer. The latter, therefore, · instead of being equal to the trans­

verse ones, as in I-). bell!urn, and merging with them at the intersection into indistinc~ 
nodes, are in P. nodocostatum considerably finer and cross the transverse ridges 
without becoming confluent. They become, in fact, stronger and more prominent 

on their crests. 
The ornamentation of P. textiliforme is similar to that of P. nodocostat·um, but 
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it is upon a much smaller scale, the strire, both revolving and transverse, being finer 
and consequently more numerous. The statement that in this species the transverse 

strire do not cross the slit band is certainly erroneous. In some specimens, owing 
apparently to abrasion, they are partially removed on this portion of the shell, but 

in general they seem to be about as prominent on the slit. band as over the more 

lateral areas. It is possible that P. bellttm , which was obtained from Kansas City, as 
was also P. text~/Ziforme, may belong to the same species. In that case the form 
from Rulo and the present matedal would represent an undescribed form. 

The surface of the form from the Rico formation, to which reference has been 
made above, is more like that of JJ. bellttm than of the other American species I have 
seen, and if it proves to be different from I). bellu:m, as seems likely, it is probably 

a new variety. 
Locality and lwrizon.-San Juan region (stations 2217, 2337, 2340); middle portion 

of the Hermosa formation and in the Rico formation. 

EUPHEMUS McCoy, 1862, emend. "r aagen, 1880. 

EUPHEMUS NODOCARINATUS Hall. 

1858. Bellerophon nodocarinatus. Hall, Geol. Surv. Iowa, vol. 1, pt. 2, p. 723, pl. 29, figs. 15a-c. 

Coal Measures: Illinois and Iowa. 

1884. Bellerophon nodocarinatus. White, Geol. Surv. Indiana, 13th Rept., p. 159, pl. 33, figs. 3-5. 

Coal Measures : New Harmony, Ind. 

1886. B eUerophon nodocarinatus.? Heilprin, 2d Geol. Surv. Pen:nsylvania, Ann. Rept. for 1S85, p. 457, 

fig. 13. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1886. Bellerophon nodocarinat'us? Heilprin, Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. 2, 

pt. 2, p. 277, fig. 13. 

Upper Coal Measures: Mill Creek limestone, Wilkesbarre, Pa. 

1887. Bellerophon nodocarinatus. Herrick, Sci. Lab. ,Denison Univ., Bull., vol. 2, p. 18, pl. 3, fig. 3. 

Coal Measures: Flint Ridge, Ohio. 

1895. Bellerophon nodocarinatus.. Keyes, Missouri Geol. Surv., vol. 5, p. 152, pl. 50, figs. 4a-c. (Date 

of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1897. E'uphemus nodocarinatus. Ulrich , Geol. Nat. Hist. Surv. Minnesota, Final Rept., vol. 3, pt. 2, 

p. 855. 

1899. Euphemus nodocarinatus. Girty, U. S. Geol. Surv., Nineteenth Ann. Rept., pt. 3, p. 592. 

'V'ith. the exceptiOn ot stations ~340 and 2344 in the Rico formation, the 
specimens which I have referred to Eu. hodocarina~us are preserved as internal 
casts. Even those which show the characteristic revolving strire are not sufficiently 
complete so that I am able to . determir.1e whether they are strictly identical with Eu. 
carbonari,us, with Eu. subpapillos,us, with _Eu. inspeciosus, or with Eu. nodoca·rin_at'l£8. 

Of the casts, some specimens represent, perhaps, young examples of B elleroplwn 

crass·u._e;. 
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Some of this material must belong, I think, to the carbonarius-subpa:pillosus 
type, but a part, that from stations 2340 .and 2344 especially, seems nearer to Eu. 
inspeciosus and Eu. nodocarinatus. 

Local1:ty and horizon.-San Juan region (stations 2217~, 2340,2344, 2345, 2349); 
middle portion of the Hermosa formation and in the Rico formation. 

EuPHEMus suBP APILLosus White~ 

1876. Bellerophon carbonarius var. subpapillosus. White, Powell's Rept. Geol. Uinta Mountains, p. 92. 

Upper Aubrey Group: Beehive Point, near Echo Canyon, and near Echo Park, Utah. 

1879. Bellerophon subpapillosus. White, U. S. Geol. Geog. Surv. Terr., Bull., vol. 5, p. 218. 

Carboniferous: Wild Band Pockets, northern Arizona, 15 miles south of Pipe Spring. 

1880. Bellerophon subpapillosus. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, 

pt. 1, p. 138, pl. 34, fig. 3a. 

Upper Carboniferous: · IS" orthwestern Colorado and northern Arizona. 

1883. Bellerophon subpapillosus. White, U. S. Geol. Geog. Surv. Terr., Twelfth Ann. Rept., for 1878, · 

pt. 1, p . 138, pl. 34, fig. 3a. 

Upper Carboniferous: Northwestern Colorado and Northern Arizona. 

1899. Euphemus subpapillosus. Girty, U. S. Geol. f3urv., 19th An~. Rept., pt. 3, p. 592. 

The only specimens referre.d to this species are those from the Uinta Moun­
tains, which were so identified by White. Although they are mere casts, so that 
I have been able to see none of the surface ornamentation, from their size and 

configuration it seems not improbable that White's identification may be correct. 

Some of the exfoliated specimens which hav~. been placed with Euphemus nodo­
carinatus, or even with B ellerophon crassus may, however, belong here. I am dis­
posed to give this type, for which White proposed only a varietal name, full specific 
rank. 

Locality and horizon.~Uinta Mountain region, near tha south fork of the Ver­
milion and near the east base of Diamond Peak (station 2189); Bellerophon lime­
stone at the very top of the Carboniferous. 

CE:PH.ALOPODA. 

DOMATOCERAS Hyatt, 1891. 

DoMATOCERAS sp. 

It is probable that the same species occurs at both . the localities cit~d below, 
though the condition of my material does not permit me to speak with confidence. 
The forrry is not determinable from the specimens in the collections. 

Locality and horizon.-Leadville district (stations 2275 and 2276); upper portion 
· of the Weber formation. 

,. 
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TAINOCERAS Hyatt, 1883. 

TAINOCERAS sp. 

A single specimen, cru~hed in shale and macerated, has been found. It is 
evidently related to T. occidentalis Swallow, but it is too poorly preserved to admit 
of identification. 

Locality and hort.zon.-San Juan region (station 2201); · upper portion of the 
Hermosa formation. 

CRUSTACEA. 

PHILLIPSIA Portlock, 1843. 

PHILLIPSIA MAJOR Shumard. 

1S23. Trilobus. Say, Long's Exped. to Roeky Mountains, ;vol. 1, p. 14S (footnote). 

Missouri River, 5 miles below Council .Bluffs. 

1S5S. Phillipsia major. Shumard, Acad. Sci. St. Louis, Trans., vol. 1, p. 226. 

Upper Coal Measures: Clinton County, Mo.; Valley of Verdigris, and 12 miles south of Leeomp­

ton on the Santa Fe road, Kansas. 

1S72. Phillipsia major. Meek, U. S. Geol. Surv. Nebraska, p. 23S, pl. 3, figs. 2a-c. 

Upper Coal Measures: Bellevue and Plattsmouth, Nebr.; Clinton County, Mo.; Vermilion 

River, 12 miles south of Lecompton, Kans. 

1SS7. Phillipsia major. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 60. 

Upper·coal Measures: Kansas. 

18S7. Phillips-ia major. Vogdes, New York Acad. Sei., Ann., vol. 4, p. S5, pl. 3, fig. 14. 

Upper Coal Measures: Clinton County, Mo.; Valley of the Verdigris River, 12 miles south of 

Lecompton on the Santa Fe l'oad, Kansas; Kansas City, Mo.; Bellevue, Nebr. 

1S91. Phillipsia major. Hare, Kansas City Scientist, vol. S, p. 33, pl. 1, figs. 5, Sa-c. 

Coal Measures: Kansas City, Mo. 

1S95. Phillipsia major. Keyes, Missouri Geol. Surv., vol. 4, p. 23S, pl. 32, figs. Sa-e. (Date of imprint, 

1S94.) 

Upper Coal Measures: Kansas City, ]\Io. 

1S97. Trilobus. Harris, Am. Pal., Bull., vol. 1, p. 3S2 (112). 

Sandstone of the Missouri; near Engineer Cantonment. 

This species has been identified at three localities, but at each only one specimen 

was found. They are very imperfect, being more or less crushed and exfoliated. 

Differences have been noted which, were the material better and more abundant, 
might have justified me in discriminating two groups where now I recognize but one. 

The form from Ouray, especially, shows characters which, if constant, should separate 

it from the two other specimens, which are mutually more alike. Herrick a casts doubt 

upon Meek's identification, in his . Nebraska report, of Shumard's species. The 
Colorado forms are of the type figured by Meek, but show departures which might, 
with adequate material, prove varietal, or even specific. 

aLoe. cit., p. 60. 
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Locality and hm·izon.-San Juan region (station 2332); middle portion of the 
Hermosa formation. Ouray (station 2195); Hermosa formation. Leadville district 

(station 2257); lower portion of the \Veber formation. -

PHILLIPSIA TRINUCLEATA He1'rick. 

Pl. X, figs. 15, 16. 

1887. Phillipsia trinucleata. Herrick, Sci. Lab. Denison Univ., Bull., vol. 2, p. 64, pl. 1, fig. 23; 

pl. 2, fig. 32; pl. 3, .fig. 21. 

Coal Measures: Flint· Ridge, Ohio. 

1888. Proetus trinucleatus. Vogdes, New York .Acad. Sci., Ann., vol. 4, p. 81, pl. 2, figs. 7-9. 

Waverly group [in error]: Flint Ridge, Licking County, Ohio. 

Two or three speCimens from Colorado seem to belong to Herrick's species cited 
above. None of the material is very good and that from station 2297 in the Crested 
Butte district and from station 2210 in the Durang? quadrangle of the SanJuan . 
region is so imperfect that I am not certain that it is con·specific with the others. 

Locality and horizon.-San Juan region (station 2210); upper portion of the 
Hermosa formation. Crested Butte district (station 2297 ?) ; Maroon formation. 

Leadville district .(stations 2259, 2265); Weberformation. 

LEPERDITIA Rouault, 1851 

LEPERDITIA sp. 

Ostracoda belonging to the genus L eperrditia are very abundant at station 2212 

in the San Juan region, and station 2269 in the Leadville xegion. The most perfect 
material is that from the San Juan region. The prevailing form is a transversely 

elongate, nearly equilateral shell, which rarely attains a width of 2 millimeters. The 
latter dimension is a little less than twice as great as t]le height. The ey~ spot must 
be very small or very obscure, and I have not· been ableto detect it with certainty. 

The surface appears to be quite smooth and solid. 
It is possible that among the shells included under this title more than a single 

species may exist. 
Locality and horizon.-San Juanregion (station 2212); middle portion of the 

Hermosa formation. Leadville district (station 2269); upper portion of the Weber . 
formation. 

BAlRDIA McCoy, 1844. 

BAIRDIA sp. 

But a single species belonging to this· genus has been described froni American 
Carboniferous rocks, Bairdia cestrriensis Ulrich, a and though from a higher horizon, 

a Cincinnati Soc. Nat . . His~., Jour., vol. 13, p. 210, pl. 17, figs. 6a-c, 7a, b. 



DESCRIPTIONS OF SPECIES. 479 

the Colorado form is of the same general type. It is, however, without much doubt 
a distinct species, but since only a single specimen has come to hand I do not feel 
justified in giving it a new name. The length is about 1.5 mm., thus making it larger 

than the Mississippian species, and it is also more transverse. The posterior extremity 

is JXObably not as pointed as the older specimen figured by Ulrich (fig. 6), and much 
less so than the younger one (fig. 7). The upper and lower m~.rgins are nearly 

rectiline~r and parallel, thoug·h they gradually eon verge toward the anterior margin, 
which is rather regularly and strongly rounded. 

This species occurs a~sociated with several ostracode forms at Empire Hill in 
the Leadville district (station 2265), a locality which, with larger collections, would 

probably furnish an extensive fauna of this group. In addition to ·the types 
mentioned here under a separ::tte heading, still another very minute form is found 

whose relations I have not been able to make out. 
Locality and horizon.-Leadville district (station 2265). 

BEYRICHIA McCoy, 1844. 

BEYRICHIA sp. 

This form is extremely abundant at Glenwood Springs (station 2193). The 
following brief description is offered: 

The width is usually from 1 to 1.5 mm., and this dimension is from one and 

one-half to twice the height. The upper margin is long and straight. The ends are 
~trongly, and the inferior margin gently, rounded. · The posterior end of the binge 
line is more or less angular. The shape is nearly symmetrical with respect to a 
vertical axis. Somewhat anterior to the middle, as it appears, the shell is divided 

by a deep, strong sulcus, which is · vertical to the hinge and bas a length about 
one-third as great as the height of the shell. Not far anterior to this another fainter 

groove can usually be detected. The lower ends of these two depressions are 
sometimes seen to be deflected and to unite, thus inclosing a small median lobe. The 
surface is delicately and beautifully hachured. 

This species appears to be one of the simple Beyricbian types related to B. arcuata 
of the Carboniferous rocks of Great Britain. 

A closely related and possibly identical form is found at Empire Hill, in the 
Leadville district. lVIy material .is very scanty, and at the same time somewhat 
imperfect, so that I have not entirely assured myself as to the relations of these two 
forms. 

Locality.-Grand River region, Glenwood Springs (station 2193). Leadville 
district (~tation 2265). 
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KIRKBYA Jones, 1869. 

KIRKBYA sp. 

Of this form a single specimen has been . discovered. . The shell has a subcentral 
protuberance and two or ·three heavy concentric furrows. The surface is coarsely 
reticulate. 

It is _evidently related to Kirkbya plicata Jones arid Kirkby, and is probably 
identical with that species. 

Locality and horizon.-Leadville district (station 2265); Weber formation. 

/ 
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FIG. 1. MENOPHYLLUM ULRICHANUM ••• ___ •• ____ •••••••• _. _________ •••• _. ~ ••• _ ••• _. _. _ _ _ _ _ _ _ 271 

A nearly perfect specimen, slightly broken at the tip, showing the rapid expansion and 

curved shape chara.cteristic of the species. 

Side view. Somewhat turned toward the eye, actual curvature diminished by perspective. 

Ouray limestone: Cascade Creek, in the Engineer Mountain quadrangle (station 2379). 
FIG. 2 . . MENOPHYLLUM ULRICH ANUM ___ • _. _ ••••• ___ •••• _ ••• _ ••••••• _. ___ •• _ •• __ .•• __ ••••••• _ 271 

A cast in chert of the calice of an individual belonging to this species. 

Cast ~een from above. The relation of the primary to the secondary septa, the main 

fossula (that in the center), the two secondary fossulre (especially that on the left)' and 

the tripartite arrangement of the septa resulting therefrom, are well shown. 

Ouray limestone: Canyon Creek, in the Needle Mountains quadrangle (station 2386). 
FIG. 3. SPIRIFERINA SOLIDIROSTRIS? ••• __ •• __ •• _ •. __________ ... ____ • _. _. _ ••••• _ . _________ • _.. 294 

A small dorsal valve preserved as a cast in chert, considerably enlarged. · The punctate 

character of the shell is well shown by the pustules on the cast: The specimen is too 

young to show clearly the slight median division of the fold. 

Specimen seen from above. 

Millsap limestone: Perry Park (station 2389). 
FIG. 4. 8PIRIFERINA SOLIDIROSTRIS? ••• __ .•••••. __________ • __ • _. _ . _ _ _ • _ •••••••••••••• _... • • • • 294 

A somewhat larger ventral valve, similarly preserved and also enlarged. The incipient 

plication in the middle of the sinus is shown in this individual, also the impression of 

the median septum and dental lamellre. 

Specimen seen from above. 

Millsap limestone: Perry Park (station 2389). 

FIG. 5. SEMINULA SUBQUADRATA? ••• _ •• ~ _____ . __ •• ___ •.•••••• _ ~ •• _.--,-.-.- . ---- ••• --- ••• --. 296 

Small example; larger l'lpecimens clo~ely resemble Seminula Sttbquadrata Hall." 

Ventral valve seen from above. 

Leadville limestone: Leadville district, Oolite mine, Leadville (station 2375}. 

FIG. 6. CRAN..ENA SUBELLIPTICA • _. _. _. _ •• __ ••••• __ •• _ •••• -.- • · •• ~---.-----.-.------- ••• -.--- 299 

An example from the typical locality, presenting the usu~l characters. Preserved chiefly 

as an internal cast, with small fragments of the shell adhering. 

Dorsal view of specimen. 

Waverly group: Sciotoville, Ohio. 

FIG. 7. CRAN..ENA SUBELLIPTICA ••.•••• _ .•••••••• _. __ .---- .- • •• ----.------------------------- 299 

Another example preserved as an internal cast, having the usual shape a!ld size and showing 

many of the structural features of the genus. 
Dorsal view. This specimen shows the two dental lamellre of the ventral valve. The 

broken part at the right is along one of these. The posterior portion of the cast of the 

dorsal valve has been chiseled away so as to show the binge plate with its two carinre, 

which project as the two limbs of the crura. 

Waverly group: Sciotoville, Ohio. 
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Page. 

FIG. 8. CRANJENA SUBELLIPTICA var. HARDIN.GENSIS ...•• _ ... _ .. _. __ ... __ .. -- ... -- ........... -. 299 

A ventral valve of somewhat near the average shape and size, preserved in chert. Other 

specimens are more rotund. 

Specimen seen from above, showing the two dentallamellre. 

Millsap limestone: Harding's quarry, Canyon, Colo. (station 2370). 
FIG. 9. CRANJENA suBEJ,LIPTICA var. HARDINGENsrs _ ..... _. __ . .. _ ...... ----- .. -- ... - .. . . -- .. - 299 

Dorsal valve of the same species. 
Specimen (an internal east) seen from above. A very faint median septum is shown; 

the marks on either side are connected with the muscular attachment. Near the 
posterior margin appear the cavities left by the socket plates. 

Millsap limestone: Garden Park, Colo. (station 2365 ). 
FIG. 10. CRANJENA SUBELLIPTICA var. HARDINGENSIS . . _. ___ _ . . ... __ . ..... - .--.- .. - . . --.-.- . . - 299 

Ventral valve of somewhat more than the average size and proportionate length. 

Specimen seen from above. This example also is pre~erved as an internal cast in chert. 

Millsap limestone: Garden Park, Colo. (station 2371 ). 
FIGs. 11 AND lla. EuMETRIA woosTERI _ . _ .. __ . . . _____ ... __ . . . _ .. . ...... _ ............. - . - . . . 302 

Type and original specimen figured by Wh ite. Artificial imp~ession from a natural mold. 

Fig. 11. Ventral view. 

lla. Side view. 
Pebbles in the Wyoming sandstone(?), 32 miles west and 18 miles north of Greeley, Colo. 

(station 2364 ). 

FIG. 12. MYALINA KEOKUK-- - ---------------- - ---------- -·· ····················------------ 309 
A left valve believed to belong to this species. Preserved as a cast in chert. 

Specimen seen from above. 

Ouray limestone: Near Cascade Creek, Engineer Mountain quadrangle (station 2382). 
FIG. 13. STREBLOPTERIA MEDIA .....• _ ...... __ . _ ......... ... ... . ......... - .............. --.- 307 

An isolated right valve referred to Herrick's species. 

Specimen seen from above. 

Millsap limestone: Perry Park, Colo. (station 2389). 

FIG. 14. ARCHJEOCIDARIS OURA YENSIS - - --- - - - - - . - .. - - - - - - . - . . - - - - - - - - - - - - -- - - - - - - - .. - . . . - - - - - 329 
A somewhat imperfect specimen partially embedded in matrix, showing the peculiar 

and characteristic ornamentation. 

Specimen seen from the side, and somewhat enlarged. 

Hermosa formation (?) : Ouray, Colo. (station 2194) . 

FIG. 15. PRISMOPORA TRIANGULATA ....... _. _ •.. . ........ .. . . _. _ ........................... ~ 340 

A group of specimens partially embedded in limestone. This is the specimen originally 

figured by. White. 

Specimen somewhat enlarged, showing the external characters of the species. 

Middle division of the Carboniferous series: Yampa Plateau, northwestern Colorado. 

FIG. 16 TO 16b. 0RTHOTICHIA SCHUCHERTENSIS ........... _ .. .. ..... . ....... ___ . . . . . . . . . . . . . . 345 

The most perfect specimen obtained, preserving both valves. 

Fig. 16. Ventral view. The shape and peculiar surface characters are well shown, 

also the septum and strong dental plates of the ventral valve. 

16a. Anterior view, showing the 'shape and relations of the valves and the somewhat 

different character of their surface ornamentation. 

16b. Side view of the same. 

Weber shale: Glenwood Springs, Colo. (station 2193a). 
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FIG. 17. CHONETES FLEMING I- - - - - - - - - - - - - - - - - - - - - - - - - - - - _.- - - - - - " - -- ·-- - -- - -- - i - - - - - --- ---- -­

A specimen showing the customary characters. 

Ventral valve. 

Near Grand River, Colo.(?) (station 2324 ). 
FIGs. 18 AND 18a. CHONETES FLEMING I . _________________________ . ___ •.•...••.••••••••••.••.. 

Another specimen of slightly different shape. · 

Fig. 18. Ventral view. 

18a. Dorsal view. 

Near .Grand River, Colo.(?) (station 2324). 

Page. 
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352 

FIGS. 19 AND 19a. CHONETES GEINITZIANUS. _ ... __ .... _ ........ _ .. _......................... . 355 

One of the better preserved specimens belonging- to this species. 

Fig. 19. Ventral view. 

19a. Dorsal view. 

Weber shale: Leadville district (station 2267). 

FIG. 20. CHONETES MESOLOBUS .... __ ..... _. _ ..... __ . ___ ...........•.................. - ... --- 357 

A specimen in which the lobation is moderately strong. 

Ventral view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2238). 

FIG. 21. CHONETES MESOLOBUS.--------------------------------------------------- ---------- 357 
Another specimen, somewhat more alate than the preceding, and with the lobation less 

strongly marked. 

Ventral view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2238). 
FIG. 22. CHONETES MESOLOBUS. _____ . _ ...... _. __ ... ____ .. ___ ~ ........ ____ ... _. _ ............ - 357 

A large specimen in which the lobation is obsolescent. 

Ventral view . 

. Hermosa formation: Hermosa Creek, Durango quadrangle (station 2238). 

FIG. 23. CHONETES MESO LOBUS- -- - - - - - - - - - - - - - - - - - - - -- L --- . ---- ------. - -------. -.. ----- ---- 35 7 
An example in which the characteristic lobation is very faint. 

Ventral view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2238). 
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FIGS. 1 TO 1c. PRO DUCTUS SEMIRETICULATUS var. HERMOSANUS ............•....• ·-............. 358 

A very characteristic specimen. The ears are somewhat broken away. 

Fig. 1. Ventral valve seen from above. 

1a. Anterior view. 

1 b. Posterior view. 

1c. Side view. 

Hermosa formation: Between Hermosa Creek and Animas Valley, Durango quadrangle 
(station 2204). 

FIGS. 2 TO 2b. PRODUCTUS SEMIRETICULATUS var. HERMOSANUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358 

Another somewhat smaller specimen of the type common in the Hermosa formation. 

Fig. 2. Ventral valve seen from above. This figure represents the specimen too much 

tilted downward and forward. 

2a. Anterior view of the same. 

2b. Side view. The pose of the specimen is not quite correct, the near cardinal angle · 

being evidently somewhat depressed from the line of sight. 

Hermosa formation: Hermosa Creek (?), Durango quadrangle (station 2333). 

FIGS. 3 TO 3b. PRODUCTUS SEMIRETICULATUS var. HERMOSANUS................................. 358 

A rather small dorsal valve which is somewhat imperfect. 

Fig. ·3. Specimen seen from above. Possibly the cardinal angles should be restored as 

more projecting. 

3a. Side view. 
3b. Posterior view. 

Hermosa formation: Animas River, Durango quadrangle (station 2335). 

FIGS. 4 TO 4b. PRODUCTUS SEMIRETICULATUS var. HERMOSANUS......................... . • .. • • • • • 358 

Ventral valve of a finely striated type more or less intermediate between this species and 

Productus injlatus, to which, on the whole, I am disposed to regard it as nearer related. 

Fig. 4. Specimen seen from above. 
4a. Posterior view. 
4b. Side view. 

Weber formation: Weston Gulch, Leadville district (station 2268). 
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FIGS. 1 TO 1 b. PRO DUCTUS INFLATUS - - - - - - - - - - -- - - - -- - - -- - - - - - - - - - - - - - - - ---- ---. ---------- . - 359 
A typical ventral valve of the form referred to McChesney's species. 

Fig. 1. Specimen seen from above. 

1a. Side view. 

1 b. Posterior view. 

Weber for~ation (?): Horseshoe Mountain, Leadville district (station 2281). 
FIGS. 2 TO 2a. PRODUCTUS INFLATUS _____________________ . ____ ~ _____ . _____ .. _ . _ . _ . _ . _ . . . . . . . 359 

A ventral valve in which the cardinal angles have been broken away. 

Fig. 2. Specimen seen from above. The figure shows the strire as proportionally too coarse. 

2a. Posterior view. 

Weber formation(?): Horseshoe Mountain, Leadville district (station 2281). 

FIG. 3. PRODUCT US INFLATUS ----------- -----------. ------ ---- -- -·----- ---- -- ---------------- 359 
A specimen in which both valves are retained in place. 

Dorsal view. 

Weber formation (?): Horseshoe Mountain, Leadville district (station 2281). 

FIGS. 4 AND 4a. PRODUCTUS GALLATINENSIS. ___ ..... _. _ .. _. _. ____ ........ ~ .... - ........ -- .. - . 361 

A specimen of the ordinary size and character. 

Fig. 4; Anterior view. 

4a. Side view. 

Hermosa formation: Near Cascade Creek, in the Engineer Mountain quadrangle (station 2247). 

FIG. 5. PRODUCTVS GALLA'fl~ENSIS ---------------------------------------------------------- 361 
Another characteristic specimen, somewhat smaller than the foregoing and of unsymmet-

rical growth. 

Posterior view. The specimen is represented as too much ~ilted forward, by which the 

height appears unnaturally diminished. 

Hermosa formation: Near Cascade Creek, in the Engineer Mountain quadrangle (station 

2247). 

FIGS. 6 TO 6b. PRODUCTUS GALLATINENSIS ........ _ .... . ..... -- .. - ... _.-----.-.-.-------------- 361 

Another ventral valve belonging to this species. 

Fig. 6. Anterior view. · ( 
6a. Posterior view. In this case also the tilting of the .specimen causes t~e height 

to appear less than it should be. 

6b. Side view. 
Hermosa formation: Bear Creek, in the Durango quadrangle (station 2213). 

FIG. 7. PRODUCTUS GALLATINENSIS----------.- .. - -\- ... -.- ..... ------------.---.---.--------- 361 
A large ventral valve, somewhat distorted through compression. 

Posterior view. 
Hermosa formation: San Juan region (station 2233). 
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Page. 

FIGs. 8 AND . Sa. PRonucTus G ALLATINENSIS ______ . _ . __ .. _ ...... _ . _ . -- - ......... -- ........ :-. . . 361 

A dorsal valve belonging to this species. 

Fig. 8. Specimen seen from above. 

Sa. Side view. 

FIGs. 9~:~~~a~:::;~::: s~~:r_ ~~~~~: .i.
1

~ :~~- ~~~~~~~ -~~~~~~-~re- ~~~t~~~-~~~~~----------- oo•• 

A ventral valve from which the shell has been largely exf liated. 

Fig. 9. Specimen seen from above. 

9a. Side view, in which the poseis not quite satisfactr ry. · . 
9b. Posterior view. · 

Hermosa formation: Bear Creek, in the Durango quadran le (station 2214). 
FIG. 10. PRo DUCTus sp. b .. _ ............ _ ..... _ ..... __ .... .. ... 1 ............................ . 
· An interior of a dorsal valve referred to this species. ~ 

Side view. 

Hermosa formation: Bear Creek, in the Durango quadran le (station 2214). 

FIG. 1~·n::~;u~;~ss:~:~-~~~ ~~~;l~~-~~~~~; ~~~~'~ .- ________ ___ - ~ - •... _ ....... -- ...... -- .. -- .. 

Specimen seen front above. I 
Hermosa formation: Bear Creek, in the Durango quadrangle (station 2214,). 
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FIGs. 1 TO 1 b. PRODUCTUS CORA ________________________________ - - - - - - -- .•.••..••... -- •. - . ~- 364 

A large dorsal valve from the Rico formation. 

Fig. 1. Specimen seen from above .. 

la. Posterior view. 

1 b. Side view. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 
FIGS. 2 AND 2a. PRODUCTUS CORA _________ . _______ . _ ... _________ . __ . _ .... ___ . . - ____ ... - _- _- 364 

A large dorsal valve from the Hermosa formation. A specimen in which a number of 

conformable shelly layers are seen, possibly representing parts of several superposed 

individuals. 

Fig. 2. Specimen seen from above. The strire are represented as somewhat too coarse 

in this figure. 

2a. Side view. The strire in this figure are shown in their natural relation to the 

size of the shell. 

Hermosa formation: Sandstone Mountain, Rico quadrangle (station 2216). 
FIGS. 3 AND 3a. PRO DUCTUS CORA ________ ~ _________________________________ - __ - -- -- _ _ _ _ _ _ _ _ _ 364 

Another ventral valve from the Hermosa formation, more coarsely and regularly striated 

than the last. It is somewhat crushed by pressure. 

Fig. 3. Specimen seen from above. The figure shows the anterior end of the specimen 

tilted too far downward. 

3a. Side view of the same. 

Hermosa formation: Bear Creek, Durango quadrangle (station 2213). 
FIGs. 4 AND 4b. PRODUCTUS C~RA. _. __________________________________________ __________ '_ _ _ _ 364 

A ventral valve of a small, -finely striated variety, probably considerably broken in its 

anterior portion. 

Fig. 4. Specimen seen from above. 

4a. Posterior view. 

4b. Side view. 

Hermosa formation: Big Percent Creek, Durango quadrangle (station 2300). 
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PLATE V. 

FIG. L PRODUCTUS NEBRASKENSIS -. -. ---------- ------------- --------- •.•.. --.------------­
A small, well-preserved, and very ch~racteristic specimen belonging to this species. 

Dorsal view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2239). 

Page . 
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FIGS. 2 AND 2a. PRO DUCTUS NEBRASKENSIS __ . ___ . _ ..... _ ....... ~ ... ____ ......... . .....•• - .. - 370 

Another somewhat larger but imperfectly preserved example. 

Fig. 2. Ventral view. 

2a. Side view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2239). 
FIG. 3. PRoDucTus sp. a _ ....•....... _______________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 372 

A very imperfect ventral valve, which shows the irregular and interrupted character of 

the strire, and in some cases the scars left by the bases of small spines which have been 

broken off. 

Specimen seen from above. The restored outline is wholly hypothetical, as no speci:r:ten 

has been seen which was entire. 

Hermosa formation: Animas River, Durango quadrangle (station 2335). 
FIGS. 4 AND 4a. MARGINIFERA LASALLENSIS? _______________ - _________ - _____ - __ . _ -... - - - - - - _ - - 372 

The interior of a dorsal valve. 

Fig. 4. Posterior view. The figure represents the specimen as somewhat less s'yinmetrical 

than it really is. 

4a. Side view of the same. 

Weber formation: Gulch near Double Top, Crested Butte quadrangle (station 2316) 

FIGs. 5 TO 5b. MARGINIFERA MURICATA -- .•• - _- .----. _--- ------ ------ - ---- ----.--- •••. ----.­
A specimen of the coarsely ribbed variety, considerably exfoliated. 

Fig. 5. Specimen seen from above. 

5a. Side view. 

5b. Anterior view. 

Maroon formation: CementCreek, Crested Butte quadrangle (station 2318). 

373 

F1GS. 6 TO 6b. MARGINIFERA MURICATA . __ .. _ ..•.............. _______ .. _ ...... _ ....... _ _ _ _ _ _ _ 373 

Another example of the common type similar to the last. This is the specimen figured by 

White in 1877. The present figures are to a certain extent enlargements. 

Fig. 6. SI?ecimens seen from above. 

6a. Side view. 

6b. Posterior view. 

Maroon formation: Near t he head of Rock Creek, Elk Mountain region (station 2244). 
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PLATE VI. 
Page 

FIGS. 1 TO 1 b. SPIRIFER BOONENSIS? ..............................................•.•..... - . 381 

A young typical specimen belonging to this species. 

Fig. 1. Dorsal view. 

la. Ventral view. 

lb. Side view. 

Hermosa formation: Bear Creek, Durango quadrangle (station 2214). 

FIGS. 2 AND 2a. SPIRIFER BOONENSIS ? .............. . - . . . . . . . . . . . . . . . . . .... . .. - . . . . . . . . . . . . . . -.:381 

A mature but imperfect example of this species. This is a large shell, but represented 

by the :figures which are somewhat enlarged as out of proportion with the preceding 

illustrations. 

Fig. 2. Dorsal view. 

2a. Side view. 

Hermosa formation: Bear Creek, Durango quadrangle (station 2214). 

FIG. 3. SPIRIFER BOONENSIS ? ........................................... ---. . . . . . . . . . . . . . . . . 381 

A ventral valve embedded in rock, which may perhaps belong to this species. It comes 

from a higher horizon in the Hermosa formation than the typical form shown by :figs. 

1 and 2. 

Specimen seen from above. 

Hermosa formation: South fork of Hermosa Creek, Durango quadrangle (station 2201). 

FIGS. 4 AND 4a. SPIRIFER ROCKYMONTANUS ...................................... - . . . . . . . . . . . . 383 

A large specimen belonging to this species. 

Fig. 4. Dorsal view. 

4a. Side view. 

Weber shale: South of head of Empire Gulch, Leadville district (station 2267). 

FI~S. 5 AND 5a. SPIRlFER ROCKYMONTANUS ................................ .............. -.... 383 

A somewhat smaller specimen than the for~going, in which the median furrow on the 

fold is larger and stronger than the lateral ones. 

Fig. 5. Dorsal view. 

5a. Side view. 

Weber shale: South of head of Empire Gulch, Leadville district (station 2267). 

FIGS. 6 AND 6a. SPIRIFER ROCKYMONTANUS .............................................. ---- 383 

A smaller but very characteristic individual, in which the fold is numerously plicated. 

Fig. 6. Dorsal view. 

6a. Side view. 
Hermosa formation: Near southern edge of Engineer Mountain quadrangle (station 2249r 
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FIGS. 7 TO 7c. SPIRIFER ROCKYMONTANUS ---------------------------····· ············ ·------- 383 
A specimen so mew hat larger than the last, well preserved, and very characteristic. 

Fig. 7. Dorsal view. 

7a. Ventral view. 

7b. Side view. 

7c. Anterior view. In this figure the accidental varix of growth is too prominently 

represented. 

Weber formation(?): Horseshoe Mountain, Leadville district (station 2281). 

FIGs. 8 AND 8a. SQUAMULARIA PERPLEXA ............... _ ...... _· ............................. . 

A rather large specimen belonging to this species. 

Fig. 8. Dorsal view. 

8a. Side view. 

Maroon formation: Punch Gulch, Crested Butte quadrangle (station 2291). 

392 

FIGs. 9 TO 9b. SQuAMULARIA PERPLEXA ....... _. __ ......... _. __ ................... . _......... 392 

A specimen smaller than the foregoing, but of more nearly the usual dimensions. 

Fig. 9. Ventral view. 

9a. Side view. 

9b. Dorsal view. 

Hermosa formation: Deadwood Gulch, Rico quadrangle (station 2224). 

FIGs. 10 AND lOa. SQUAMULARIA PERPLEXA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392 

A specimen somewhat larger than the last, but from the same locality. This example is 

not quite symmetrical in its growth. 

Fig. 10. Dorsal view. 

lOa. Ventral view. 

Hermosa formation: Deadwood Gulch, Rico quadrangle (station 2224). 

FIGS. 11 TO 11c. SPIRIFERINA KENTUCKYENSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 

A very small example which may belong to Shumard's species, but ~s possibly varietally 

different. 

Fig. 11. Dorsal view. 

lla. Anterior view. 

11 b. Posterior view. 

llc. Side view. 

Hermosa formation: Rico quadrangle (station 2322) . 
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PLATE VII. 

FIGS. 1 TO 1 b. SEMINULA SUBTILITA .......•.•........................••..................... 

A slightly unsymmetrical specimen from the lowest Upper Carboniferous horizon of the 

San Juan region. Represented by the figures as somewhat enlarged. 

Fig. 1. Dorsal view. 

1a. Side view. 

lb. Anterior view. 

Hermosa formation: Bear Creek, Durango quadrangle (station 2214). 

Page. 

403 

FIGs. 2 AND 2a. SEMINULA suBTILITA .... _ ...... ___ .. _ ......... _ •........... _ ........... _.... 403 

A small and presumably immature specimen from the same locality and horizon as the 

foregoing. 

Fig. 2. Dorsal view. 

2a. Front view. 

Hermosa formation: Bear Creek, Durango quadrangle (station 2214). 

FIGS. 3 AND 3a. SEMINULA SUBTILITA •......... _. _ .................. . ........... _ . . . . . . . . . . . . 403 

A large and characteristic specimen. 

Fig. 3. Dorsal view. 

3a. Side view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2239). 

FIG. 4. SEMINULA SUBTILITA ------------------------- ------------------ -----. -------- -·-- ~-- 403 
A small and somewhat peculiar specimen belonging to this species. 

Dorsal view. 

Hermosa formation: Cliff south of Carson Creek, Durango quadrangle (station 2211). 

FIG. 5. SEMINULA SUBTILITA --------------------------------------------------------------. 403 
A slightly unsymmetrical specimen of smaller size than the original of fig. 3. 

Dorsal view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2239). 

FIG. 6. SEMINULA SUBTILITA---- - --- -- ---- --- - - ----- ---- -- ---------- - ----- - - - ----- -- -- - ----- 403 
A specimen so mew hat similar to the original of fig. 4, but a trifle larger. 

Dorsal view. 

Hermosa formation: Animas River, Durango quadrangle (station 2246) . 

FIGs. 7 AND 7a. SEMINULA suBTILITA. __________ ................... _ ............. ___ . _. _____ . 403 

An unusually gibbous specimen. 

Fig. 7. Dorsal view. 

7a. Side view. 

Hermosa formation: Lower end of Animas Park (station 2243). 
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FIG. 8. SEMINULA SUBTILITA.---------------------.------------------.-----------.--.------- 403 
A specimen from the highest known Carboniferous horizon in the San Juan region some-

what distorted by pressure. 

Dorsal view. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 9. SEMINULA SUBTILITA ...•..•••... __ ........ --- ... __ ... _ .. .. ... . .•••••••..•. •••• •••••. 403 

A small specimen of this species. 

Dorsal view. 

Hermosa formation: Hermosa Creek, Durango quadrangle (station 2239). 

FIG. 10. SEMINULA SUBTILITA.------.------- -----. --------.--.--------- .. --- .. - ~----- . . ----- 403 
A rotund specimen with fold and sinus less strongly marked than usual. 
Dorsal view. 

Hermosa formation: Sandstone Mountain, Rico quadrangle (station 2216). 

FIGS. 11 AND 11a. DIELASMA BOVIDENS ? . • • • . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • . . . . . . . . 409 

An immature or not very characteristic representative of the species to which it is doubt-

fully referred. 

Fig. 11. Dorsal view. 

11a. Side view. 

Formation (?): Rock Creek, Elk Mountains. 

FIGs. 12 AND 12a. HusTEDIA MORMON! ....•.• _ ....•. __ .• _ ••....•... _ ..• _ •.... _. 

A characteristic specimen. 

Fig. 12. Side view. 

12a. Ventral view. 

Maroon formation: Southeast of Italian Peak, Elk Mountain region (station 2280). 

411 

FIG. 13. H USTEDIA MORMON! --.----.------ ---- ---- -----------.-------.- ---------- ------- - -- 411 
A somewhat smaller specimen than the preceding, slightly distorted by pressure. 

Dorsal view. 

Maroon formation: Southeast of Italian Peak, Elk Mountain region (station 2280). 

F IGs. 14 TO 14b. PUGNAX UTAH .................. :. .......... _ ......... ................ . '.... . 412 

A characteristic specimen. 

Fig. 14. Ventral view. 

14a. Anterior view. 

14b. Side view. 

Ylaroon formation: Southeast of Italian Peak, Elk Mountain region (station 2280). 
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FIG. 1. AviCULOPECTEN occiDENTALIS ________ . _____ . ______ .. ____ ... _ .. _____ . ___ . ___ ..... _... 414 

Internal cast of a right valve referred to this species. 

Specimen seen from above. 

Rico formation: Silver Creek, Rico quadrangle (station 2347). 
FIG. 2. A VICULOPECTEN sp. a. ____ ~ ~ ________ . ___ . _________ . _____________________ .. _ ..... ___ -.- 417 

Internal cast of a left valve, somewhat enlarged. 

Specimen seen from above. 

Hermosa formation: Ouray, Colo. (station 2194). 
FIG. 3. AviCULOPECTEN? INTERLINEATUS. ________ . ____________ ... _____ . _____________ ......... 416 

A right valve belonging to this species. 

Specimen seen from above. 

Hermosa formation: Ouray, Colo. (station 2194). 
FIG. 4. PsEUDOMONOTIS KANSASENSIS ______________________ : _____ . ___ ·- _____________ . __ . __ ---- 428 

A left valve of the type referred to this species. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 
FIG. 5. PsEUDOMONOTIS EQUISTRIATA ____________________ • __________________ .•. _ ......... ---- 428 

A specimen representing the type referred to this species. 
Shell seen from· above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 6. MY ALINA SUBQUADRATA?----------------------- ~-------.----------.----------------- 424 
Left valve showing one variety of shape assumed by the fossils from Colorado. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 7. MY ALINA SUBQUADRATA? ••............................................ --------.---- 424 

A left valve of different shape from the preceding but associated with it. Possibly these 

two shells are not really conspecific. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 8. MY ALINA WYOMINGENSIS ~ •••....................... ~ .•.. - ....... -. ----- ...• ---

A small left valve. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2340). 

422 

FIG. 9. M YALINA WYOMINGENSIS ..•..... " .•..... _. __ . _____ . ___ -.-.- .. - ..•..... -------------- 422 

A larger left valve of a somewhat different shape from the preceding. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2340). 
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FIG. 10. MYALINA WYOMINGENSIS ••••••••••••••••••••••••••.•••••••••••••••••••••••••••••• ~. 422 

A large left valve whose shape resembles fig. 8. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2340). 

FIG. 11. MY ALINA WYOMINGENSIS-.---------- ••• ----. -.----.------.--.------ .• ----- •• - ••• ---- 422 

A large left valve of a still different shape. 

Specimen seen from above. 
Rico formation: Scotch Creek, Rico quadrangle (station 2340). 

FIG. 12. MYALINA WYOMINGENSIS ••••••••••••••••••••••••••••• .••••••••••• ·--------------···. 422 

A small left valve somewhat similar to fig. 10. 

Specimen seen from above. 

Rico formation: Scotch Creek, Rico quadrangle (station 2340). 

FIG. 13. MY ALINA WYOMING ENSIS •••••••••• _ ••••••••••••••• _ ••••••••••••••••••••••••••••• - • • 422 

A specimen from Texas which seems to belong to this species, and which closely 
resembles the original of fig. 11. 

Right valve seen from above. 

Cisco division of the Upper Carboniferous: Graham, Young County, Tex. 

FIG. 14: MYALINA CUNEIFORMIS -------------------------------------------------------.-···· 420 
One of the type specimens of this species which I am enabled to figure through the 

courtesy of the geological department of the University of Chicago. 

A right valve seen from above. 

Hermosa formation (?): Ouray, Colo. (Probably about the same locality and horizon as 

station 2195.) 

FIG. 15. MY ALINA CUNEIFORMIS •••• • ••••• _ •••••• ___ •••••••••••••••••••. _. _ ••• _. __ ..••. _. _. _ 420 

Another type specimf\n, also loaned by the University of Chicago. 

Right valve; specimen seen from above. 

Hermosa formation (?): Ouray, Colo. (Probably about the same locality and horizon as 

station 2195.) 

FIG. 16. MY ALINA CUNEIFORMIS •••• _ _ •••• _. __ • ___ •• __ •• __ ••.••••••••••• __ ••• _. ____ •• __ ..... 420 

Right valve from the Crested Butte region referred to Gurley's species. 

Specimen seen from above . 

. Weber formation: Branch of Cement Creek, Crested Butte quadrangle (station 2314). 

FIG. 17. MY ALINA CUNEIFORM IS ••••••••••••••••••• _ ••••• _____ •• ___ • __ • __ • _ •• _ •••••••••• _ _ _ _ 420 

Another specimen fron1 the same locality as the preceding. The originals of both figures 

are very imperfect, and the shape represented is, to a considerable extent, a matter of 

restoration. 

Specimen seen from above. 

Weber formation: Branch of Cement Creek, Crested Butte quadrangle (station 2314). 
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PLATE IX·. 

F~G. 1. AvrcuLOPINNA ·NEBRASKENsrs _ .... ___ .. _ 

A rather small specirn,en in which both valves are preserved nearly n place. 

Left valve seen from the side. The specimen is very imperfect, an restoration has been 

made as far as possible from growth lines. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 2. A VICULOPINN A N EBRASKENSIS .................................. . 

Right valve of a much larger specimen than the preceding. Outline restored from the 

lines of growth, showing a shape somewhat different from the small specimen, the 
original of fig. 1. 

Side view. 

Rico formation: Scotch Creek, Rico quadrangle . (station 2342) . 

Page. 
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Fm. S. MoNOPTERIA ALATA ________ . _______________________________ . __ . ______ . _. ________ ~ _ _ 431 

The only specimen in the collection referred to this species. 
Shell seen from the side. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 4. ~LLERISMA TERMINALE --------------- ----- - ------ -- - - -------- ------ -------- -------- 437 
The type specimen upon which Hall's species was based. The obliquity of this specimen 

is clearly the result of compression, and the species is, I feel little doubt, the same 
which Meek and Hayden subsequently described as Allerisma subcuneatum. 

Left valve seen from the side. The papillose surface which this specimen retains is 

present on well-preserved examples of A. subcuneatum. 

Rico formation:. Scotch Creek, Rico quadrangle (station 2342). 

FIG. 5. ALLERISMA TERMINALE.---------------------------.----------.-------------. -------- 437 
A right valve whose size is much smaller than is sometimes attained by this species. 

Side view. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 

FIG. 6. ALLERISMA TERMINALE............................................. . ................ 437 

A small left valve whose size and proportions suggest that it may possibly be a distinct 
species or variety. 

Specimen seen from the side. 

Rico formation: Scotch Creek, Rico quadrangle (station 2342). 
FIG. 7. EDMONDIA GIBBOSA. _ .................. ____ ...... _ ....... _ .. . t ........ -.............. 447 

A right valve preserved as an internal cast, and not very perfect. 

Side view. 

Rico formation: Scotch Creek, Rico quadrangle (station 2341). 
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