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THE CARBONIFEROUS FORMATIONS AND FAUNAS OF
| COLORADO.

By Grorer H. GIrty.

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, and the strata, in
their characters and mutual attitudes, have been viewed only through the pages of
geologic reports. The tendencies of my work are almost exclusively toward the
historical geology, for from the nature of the case, even had I wished, it would have
been difficult to deal with the structural or economic phases of the subject.

The paleontologic data for this work reside in a rather extensive collection from
200 localities, representing the available resources of the Geological Survey and the
National Museum in the matter of Colorado Carboniferous fossils. In the paleonto-
logic discussion the purpose has been not so much to see what or how many species
oceurred within, the limits of Colorado as to ascertain their grouping into local and
formational faunas, and to determine, if possible, by means of the invertebrate fossils,
the relation to one another of the strata forming the different more or less discon-
nected and isolated areas of Carboniferous outerop. Aside from such correlative
indications as the study of these 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 between 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 tfound necessary to describe but very few species as new.
o 7



8 CARBONIFEROUS 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
involved so many and so variously related—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 possible 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 few words of explanation, or it may be of excuse, for
several omissions and commissions in the following pages that may be considered
serious enough to excite criticism. One license which I have permitted myself is
the equalization, for purposes of convenience and simplicity, of zoological groups
whose unequal importance is generally 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 upon a temporary parity
with the Protozoa, the sponges, and the other groups having the rank of classes. This
arrangement has been observed in the tables and in the discussion of species, and is
one which the paleontologist is almest certain to make, mentally at least, in studying
a varied fauna. It amounts, in short, to breaking up the larger and more unwieldy
groups into recognized subdivisions, from which the master titles are omitted. A
slightly different practice is that of the constant use of subgeneric names in a titu-
larly generic sense. For convenience and brevity, each subgenus has been written
free, as if itwere 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 Chicago University, from which, through Mr. Stuart Weller, T have
enjoyed the privilege of examining and illustrating some specimens importantly
connected with my subject. I have consulted freely with my colleagues, Mr.
Schuchert, Mr. Ulrich, and Mr. Bassler, upon paleontologia whenever occasion has



INTRODUCTION. 9

required, and profited 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 of 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 especially the Carboniferous, rocks of
Colorado. It would be hard to overestimate the service which the general bibli-
ographic works on American geology compiled by N. H. Darton 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 these, however, were found to contain matter which it is
necessary to bring into discussion. On the other hand, the works included 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 discernment and uniformity. Many works, of .
which the very early accounts of travel form one class and the briefer papers of an
economic nature 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 scidom 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. i

The earliest publications seen by me in which rocks of Carboniferous age are
reported in Colorado are two geologic maps of the United States, 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 represents
three areas of Coal Measure rocks, one having somewhat the position of that drawn
by Marcou, another 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 becn known, Marcou’s Mountain limestone in the West is for
the most part really Upper Carboniferous, so that for the State of Colorado
Hitchcock’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 neither map has
10 ‘



BIBLIOGRAPHY. 11

more than a historical interést. Hitchcock’s map went through several editions
without change; Marcou’s was republished a number of times and frequently altered.
Perhaps its best form is that which accompanied his Geology of North America in
1858. These maps were the precursors of a number of simjlar attempts which have
appeared from time to- time and which for the present culminate in the McGee map,
the latest and so far the beést general geologic map of the United States. Maps of
this sort 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. The 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 subdivided or the
divisions so represented upon the map as to be serviceable for detailed comparisons.
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 J. B. -
Marcou® and C. H. Hitchcock? have published descriptions of the general geologic
maps of the United States. ;

The earliest account of actual geologic exploration in Colorado is that published
by Schiel in 1854. Schiel traversed a large tract of country very hastily, one
would judge, and his brief account, 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 one 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 period. In the Sangre de Cristo Valley he mentions as Cambrian
(p. 123) a bluish brittle limestone associated with hard shale and sandstone.

This is clearly not Cambrian, and if not one of the Carboniferous limestones is
more probably of Cretaceous or Tertiary age. Tt would be'possible, though cer-
tainly' unprofitable, by careful comparisons of lithologic character and geologic
position, 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 value, on account of more accurate work in the

aU. S. Geol. Survey, Bull. No. 7, 1884. b Am. Inst. Min. Eng., Trans., vol. 15, 1887, pp. 465-488.
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same field by the same geologist and others coming after, was at the time a real and
important contribution to the geologic literature of Colorado. This 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 résumé of historical
geology. ’ : :

Hayden’s third annual report, published in 1869 and afterwards reprinted, gives
an account of a hasty but extended trip through eastern Colorado and New Mexico,
which is reviewed in the résumé, to follow.

In 1874 appeared the first of a series of four reports 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 résumé. The one which appeared in 1874 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 the Sangre de Cristo, Elk, and San Juan mountains. 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, though 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. (. Williams described the geology near Canyou;
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 résumé. The same year saw the publi-
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cation of the second 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 the volume by Clarence King on the systematic geology (Vol. I), which
was published the year following, is more advantageous in its arrangement
and comparisons. The brief discussion by Peale and Steveunson 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 discussed in the résumé. 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 Range, from Spanish Peaks to Costillo Peak.
The facts upon which this report is based are given in 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, which appeared this year, 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, ete., 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
Cristo 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 subject, is largely
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an abstract of the work of the Hayden survey, in which many of the errors commit-
ted by Endlich are repeated. Thus thé early Paleozoics are described as having
furnished the material out of which the *‘ metamorphic series” was formed, while all
the Upper Carboniferous heds, which 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 it was used by the Hayden survey-—to
indicate the lower portion of the Carboniferous section of any particular region.
Broadhead’s paper on the Juratrias, published this year, concerns us in that some of
the strata called Juratrias in Colorado are probably Carboniferous. 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 résumé as containing an abstract of the results of Emmons’s Leadville work.
A paper by Hallowell, entitled ‘‘ Supposed Juratrias of the Front Range,” seems to
be an effort to prove that no Juratrias exists along the Front Range of Colorado

and that the rocks called such actually overlie the Cretaceous.

In 1884 little or nothing bearing upon the matter in hand was published, and in
1885 only papers of a less important kind. In the latter year Emmons, in his report
upon the Rocky Mountain division, calls attention to two unconformities, one pre-
Jurassic, the other intra-Carboniferous, which had not previously been detected.
These were observed in the Elk Mountains, and were later discussed and represented
in the Anthracite-Crested Butte 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 résumé. 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 or nothing to the Hayden survey. Emmons somewhat casually describes the
section at Red Cliff in which the Sawatch, Yule, and Leadville formations are said to
oceur. : %

In 1887 appeared a number of papers of the less important sort. Comstock
described the geology and vein structure of a large area in southwestern Colorado in
a paper which will be discussed later on in the résumé. 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 them with
other sections or to fix their geologic age. Lakes described the geology of the Aspen
district in a paper which will be referred to later. A map of the United States by

"Hitchecock appeared this year, and to this T have ﬁlready_made general reference.
Areas of Carboniferous (called Permo-Carboniferous) are shown in Colorado some-
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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 separately
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 résumé. Kedzie briefly describes the ore deposits
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-
villeappear. 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 in a carefully 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 eastern 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
given 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
blue limestone, the Middle Carboniferous shale and shaly limestone, the Middle Car-
boniferous limestone, and the Jura-Triassic sandstones. The equivalence of this
section with that adopted by Spurr in his Aspen monograph is too obvious to need
special discussion. Apparently Newberry’s two Middle Carboniferous formations
are the same as the Weber formatibn, while the Juratrias, 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 important to the subject in hand because of its bearing
upon the disposition of land and water in Colorado during Carboniferous time and
the relation of the Carboniferous faunas and sediments at different points in this
State. This subject will be considered at a later place. The same 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
near Denver contains an incidental deseription of the Trlassm and later beds, and an
account of some of the peculiarities of distribution.

A paper by Cannon in 1892 describes the geology in the vicinity of Palmer
Lake, along the Front Range. He recognizes the absence of Paleozoics in this
vicinity, 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 isfrom 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 appeared
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, who describes the Paleozoic section at Canyon, and gives lists of
fossils. So faras Mr. Eldridge’s paper concerns us at all it embraces the same strata
described by Walcott, . whose section is mentioned 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
aud 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 in Colorado of 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 1893, in the Comptes Rendus of this body. They add, however, little
or nothing to the present discussion, and it probably will not be necessary 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
formations, and S. F. Emmons discussed the geologic history of the Elk Mountains.
These two volumes form important accessions to the 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 Denver, as the title indicates, in which strata belonging to
the Red Beds rest directly upon the granites 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 this series
and all papers relating to it in my discussion. To this monograph I will therefore
refer in the résumé of geologic literature below.
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In 1897 appeared a number of minor articles by Lakes, Draper, 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 Walsenburg folios in
the résumé.

The Aspen monograph, by Spurr, with an introduction by S. F. Emmons, and the
Tenmile folio, by Emmons, which were published in 1898, are two works of detailed
and monographic character, such as have established sections at a number of points
through the State, serving as eonvenient standards of comparison with each other
and with works which have more of the character of reconnaissance. To these it
will be necessary frequently to refer.

The same is true ot the Walsenburg folio, by Hills, and the Geology of the Rico
Mountains, by Cross and Spencer, which appeared in 1900. 1 have hesitated to
include in the bibliography two papers by A. (. Spencer and myself, which were
published this year. They deal with the Ouray limestone and its Devonian fauna,
and their connection with the present subject consists in the fact that this formation
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 were 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 1901 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
s 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. 1
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. F

In 1902 only two papers have come to hand dealing directly with the Paleozoics
of Colorado. Both are by W. T. Lee. In one of them he describes the areal
geology of the Castle Rock region. This paper is of interest because 1t 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 résumé of geologic 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.
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-

PUBLICATIONS DEALING WITH THE CARBONIFEROUS ROCKS OF COLORADO.

1853.

Hircacock, Epwarp. Outline 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, Jures. 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. géol. France, Bull., 2d series, vol. 12, pp. 813-936, map plate, under title, Résumé expli-
catif d’une carte géologique des Ktats Unis et des provinces anglaises de I’ Amérique du Nord,
avec un profil géologique allant de la vallée du Mississipi aux cotes du Pacifique, et une planche
de fossiles. e

1854.

ScaIEL, JAMES. Geological report of the country explored under the thirty-eighth and forty-first
parallels of north latitude in 1853-54. Report of explorations for the Pacific 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, with
explanatory text and geological sections, 92 pages, 8 plates. Map in atlas to Voyage dans
I’ 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.

ScrieL, 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 (‘ongress, second session, Senate Ex. Doc. No. 78.

1858.

Marcou, Jures. Geological map of the United States and British provinces of North America, with
explanatory text and geological sections, 92 pages, 8 plates. Geology of North America, 4°,
Zurich, 1858.

1862.
Havpex, F. V. On the geology and natural history of the Upper Missouri, heing the substance of a
report made to G. K. Warren. 218 pages, map, 4°, Philadelphia, 1862.
1863.
Haypex, F. V. On the geology and natural history of the Upper Missouri, being the substance of a
reportto G. K.Warren. American Phil. Soc., Trans., vol. 12, new series, pp. 1-219, map, 4°, 1863.
1267 .

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 mineurs,” par L. Simonin, plates 10, 11, 14, 4°, Paris, 1867.
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1868.

Haypex, 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 Wyoming and Colorado, No. 1. American Phil. Soc., Proc., vol. 10,
pp. 463-478.

1869.

Reporr of the U. 8. 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.

Havpen, 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 [ete.], 150 pages,
30 plates, 4°, New York, 1870.

1871.

MEeek, 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 second e ‘ition identically the same as that of 1871 bears date 1872.

1872.

Havpex, F. V. . 8. geological survey of the Territories, F. V. Hayden in charge; profiles, sections,
and other illustrations designed to accompany the final report of the chief geologist of the
survey, and sketched under his direction by H. W. Elliot, 65 plates, 4°, New York, 1872.

Marcou, Jures. | Geologishe Uebersichtskarten der Erde nach Marcou. Physikalische Karten,
Vienna, 1872.

1873.

Hrrcacock, C. H.“, and Brake, W. P.  Geological map of the United States. Statistics of mines and
mining in the States and Territories west of the Rocky Mountains. Fifth Report, by R. W.
Raymond, Washington, 1873.

Havoen, F. V. |U. 8. geological survey of the Territories, embracing Colorado and New Mexico,
conducted under the authority of the Secretary of the Interior, by F. V. Hayden, U. 8. Geologist,
1st, 2d, and 3d Ann. Rept. U. 8. Geol. Survey Terr. for years 1867, 1868, and 1869, pp. 103-251,
Washington; 1873.

Jones, W. A. Report of a survey and exploration in the Uinta Mountaing, Utah. U. S. Army,
Chief of Engineers, Report for 1872, pp. 1108-1118 (Appendix AA), Washington, 1873.

1874.

ExpuicH, F. M. |[Report of the San Luis division.] TU. S. geological and geographical survey of the
Territories,| embracing Colorado, F. V. Hayden in charge, [7th] Annual Report, for 1873, pp.
275-301, 305-361, Washington, 1874. )

Hrrcacock, C. H, and Brakg, W. P. Geological map of the United States. Statistical atlas of the
United States, based on the results of the Ninth Census, 1870, by F. A. Walker, plates 13, 14,
folio, Washington, 1874.
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Havpex, F. V. [General report.] U. S. geological and geographical survey of the Territories,
embracing Colorado, F. V. Hayden in charge, [7th] Annual Report, for 1873, pp. 17-82, Wash-
ington, 1874.

MarviNg, ArcHIBALD R. [Report of Middle Park division.] TU. S. geological and geographical sur-
vey of the Territories, embracing Colorado, F. V. Hayden in charge, [7th] Annual Report, for
1873, pp. 83-192, Washington, 1874.

Pracg, A. C. [Report of South Park division]. TU. 8. geological and geographical survey of the Terri-

' tories, embracing Colorado, F. V. Hayden in charge, [7th] Annual Report, for 1873, pp. 193-
278, VVashington, 1874. .

Prour, HENRY . [General description of country]. Report of a reconnaissance in the Ute coun-
try, made in 1873, by Ruffner, pp. 6-51, Forty-second Congress, first session, House Ex. Doc.
No. 193, Washington, 1874.

7 1875.

Core, Epwarp D. Report on the geology of that part of northwestern New Mexico examined during
the field season of 1874. Geographical explorations and surveys west of the one hundredth
meridian, in chélrge of G. M. Wheeler, annual report. Annual Report of the Chief of Engineers,
U. 8. Army, for 1875, Appendix LL, pp. 61-97, plates, Washington, 1875.

ExpuicH, F. M. Report on the mines and geology of the San Juan country. U.S.geological and
geographical survey of the Territories, F. V. Hayden in charge, Bull., vol. 1, 2d series, pp. 151-
164, map, Washington, 1875.

Hrrcacock, C. H., and Buakg, W. P. Geological map of the United States. Petermann’s Mittheil-

ungen, vol. 21 plate 16, 4°, 1875. X

Loew, Oscar, Geological and mineralogical report on portions of Colorado and New Mexico. Geo-
graphical explorations and surveys west of the one hundredth meridian, in charge of G. M.
Wheeler, annual report. Annual Report of the Chief of Engineers for 1875, Appendix LL,
pp. 97-116, Washington, 1875.

——— Lieut. G. M. Wheeler’s zweite Expedition nach Neu-Mexiko und Colorado, 1874. Peter-
mann’s Mittheilungen,/vol. 21, pp. 441-454, 4°, 1875. (Continued in 1876.)

SteveENnsox, JoHN J.  Geology of a portion of Colorado explored and surveyed in 1873. Geological -
and geographical exploration and surveys west of the one hundredth meridian, in charge of
G. M. Wheeler. Report, vol. 3, geology, pp. 303-501, 4°, Washington, 1875.

1876.

ExpuicH, F. M. [Report as geologist of San Juan division]. U. 8. geological and geographical survey
of the Territories, embracing Colorado and parts of adjacent Territories, F. V. Hayden in charge,
[8th] Annual Report, for 1874, pp. 181-240, Washington, 1876.

Havypex, F. V. [General report.] U. 8. geological and geographical survey of the Territories,
embracing Colorado and parts of adjacent Territories, F. V. Hayden in charge, [8th] Annual
Report, for 1874, pp. 19-58, plates, Washington, 1876. ;

H:rcacock, C. H., and Brake, W. P. Geological map of the United States. Special report of
Smithsonian Institution for the Centennial, Washington, 1876. i
Hormes, W. H. Report on the northwestern portion of the Elk Range. U. S. geological and geo-
graphical survey of the Territories, embracing Colorado and parts of adjacent Territories, F. V.

Hayden in charge, [8th] Annual Report, for 1874, pp. 59-71, Washington, 1876.

Loew, Oscar. Lieut. G. M. Wheeler’s zweite Expedition nach Neu-Mexiko und Colorado, 1874.

Petermann’s Mitt., vol. 22, pp. 209-217, maps 12, 4°, 1876. (Continued from 1875.)
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8. Geological report. Report of expedition from Santa Fe, N. Mex., to the junc-

tion of the Grand and Green rivers of the Great Colorado of the West, in 1855, under the
command of Capt. J. N. Macomb, pp. 9-118, map, plates, 4°, Washington, 1876.

Peark, A. C. Report [as geologist of middle division].
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ountry adjacent thereto. U. S. geological and geographical survey of the Terri-
218 pp., 4°, atlas folio, Washington, 1876.
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RESUME OF LITERATURE AND CLASSIFICATION OF AREAS.

Although T had set out to consider only the Carboniferous 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 supposed Trias and
Jura were also held in mind. g

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
rivers. '

As exhibited on the general geologic map of the Hayden atlas,” the most
conspicuous feature in the distribution of the Carboniferous is a discontinuous band
stretching from the northwest corner of the State to the center of its southern
border. This is too large a tract to be conveniently considered without subdivision,
especially as the geologic section is not uniform throughdut.

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 and Tertiary beds from the remainder of the Carboniferous
outcrop to the southeast, it can appropriately be considered as a distinct area, under
the name of the Uinta Mountain region. 7

Southeast of the Uinta Mountains is a large area of Carboniferous having a very
irregular outline, which is chiefly exposed along the White and Grand rivers and
their tributaries. No single topographic feature seems to be preeminently distinctive
of this area, but I have distinguished it as the Grand River region, giving it the
name of the river 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 Mountains. I will, however, speak of

al. 8. Geol. Geog. Surv. Terr., Atlas Colorado, etc., 1877. . 97
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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, southward to the canyon of the Arkansas, I 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 Costillo 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
Juan 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 interesting series of outcrops occurs in western Colorado along the
lower portion of the Dolores 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, 1 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 of the Red Beds
usually 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 apply independent names, especially as no
evidence at hand demanded particular reference to them. Most 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,” who traversed the

a Chief of Engineers U. S. Army, Rept. for 1872, 1873, pp. 1108-1118.
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mountains in 1871. He describes the structure of the Uinta Range with some
accuracy, though stating that the upheaval took place not long subsequent 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. * * * 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 Carboniferous of this account forms part of the Mesozoic of Powell’s
Uinta Mountains réport, and the geologic age, determined as Carboniferous, must
have been assigned, I fear, because of its contained coal seams. Jones’s Subcar-
boniterous 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 areas in northwestern Colo-
rado, and remain at the time of writing almost the only accounts, as they are cer-
tainly the most comprehensive ones, of the subject. These reports, together with
one by White published subsequently and that by Jones already referred to, consti-
tute the entire literature of the Uinta area, and it is all too meager and éontradictory.

In the case of the Fortieth Parallel Survey the actual explorations were made
by Hague and Emmons,” 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 general 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,” which contains a relatively lengthy paleontologic
discussion by C. A. White, 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 is mainly of

a U. S. Geol. Expl. 40th Par., Rept., vol. 2, 1877.
b U. 8. Geol. Geog. Surv. Terr., Powell’s Rept. Geol. Uinta Mountains, 1876.



30- CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO.

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 subject it thus 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 Grand Canyon country. 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 section can not well be considered apart from that of the
Wasatch Mountains. ' :

1 am especially concerned only with the strata of Carboniferous age in 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 discussed on
pages 76, 79, and 88. : ; :

Over 5,000 feet of strata in the Uinta Mountains are referred by Powell® to the
Carboniferous, 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 in thick-
ness, consists of sandstones and shales with conglomerates at the base. The Red
Wall group is 2,000 feet thick and consists chiefly of limestones separated by thin
sandstones. The lower 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 from the under-
lying beds, which have been called the Uinta sandstone. The unconformity is one
both of dip and erosion. The difference of dip between the Lodore group 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 some instances 400 feet into the mass of superimposed 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 groups. No unconformity was observed between the upper Aubrey and the

aPowell 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 64:

*“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 the Shinarump group, its coarser fragments being
composed of cherty limestone which contains Upper Carboniferous fossils. So in
some places, at least, the epoch of change was a period of erosion.” ]

Accompanying the report 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.
Carboniferous 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 we might
naturally expect to find in the equivalents of those strata. These two belong to the
two genera, respectively, Archimedes and Amplerus, the former of which especially
has been regarded as an exclusively Subcarboniferous genus; 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 Subcarboniferous. '

““Few or none of the fossils of the collections are of such a character 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? that the prevalence of cer-
tain types which have been relied upon to prove the Permian age of the strata con-
taining them may be due to peculiar physical conditions, and I therefore regard it
as not improbable that the time of the Permian period may be represented in the
Plateau Province by the upper Aubrey group, although the distinguishing types are
wanting there. In view also of the mixture which we find, of Carboniferous and
Subcarboniferous types in the same strata, it seems propable that the time of the
whole Carboniferous age, including its three periods, Subcarboniferous, Carbonifer-
ous, and Permian, is collectively 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.

aGeology of Towa, 1870, vol. 1, p. 249.
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Between the Flaming Gorge group, with a fauna identified as fresh-water Juras-
sic, and the upper Aubrey, which is Carboniferous, intervene three formations
whose age was not ascertained—the Shinarump, Vermilion Cliff, and White Cliff
groups. These belong to the Red Beds series and have been placed with the Jura-
trias. There is some reason to believe that the upper limit of the Carboniferous
should have been placed at a somewhat 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 be discussed 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 southward, 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 intercalated cherty limestones, with a homogeneous sandstone at the
summit 150 feet in thickness. In the Uinta Mountains we have a homogeneous gray
sandstone which we call the Yampa sandstone, from 1,000 to 1,200 feet in thickness,
capped by a bed which is believed to be the equivalent of the one mentioned as
found at the summit of the series at the junction of the Grand and Green, and
varies from 150 to 200 feet in thickness. On the south side of the Uinta Mountains
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 a species of Bellerophon.
Here 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). Walcott, however, has shown that the Tonto group is
of Cambrian age,” while the Loodore group can, with great probability, be referred
to the Carboniferous.?

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 to the Devonian (page 70). The Uinta sandstone rests uncomformably
upon the Red Creek quartzite, of which 10,000 feet are reported without the bottom
having been seen.

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

a Am. Jour. Sci., 8d ser., vol. 26, 1883, p. 439.
b Powell states that Carboniferous fossils 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 evidence reveals discrepancies well nigh
as marked as those shown by the comparison of the geologic sequence.

But a single Carboniferous species is cited by White 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 Wall group were collected at two stations situated close
together southeast of the central part of Utah. From Gypsum Canyon were obtained
Cheetetes milleporaceus and Syringopora multattenuata, and from Cataract Canyon
an undetermined species of Campoplyllum. 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 Ch. melleporaceus could not be found.
The original material of S. multattenuata, as well as it could be identified, consists
of an external cast, and can not be definitely determined. The Campoplylivm is
probably that form from the Diamond Mountains figured by Meek in the reports of
the King survey.® The evidence therefore, whether of the lists or of the fossils, is
inconclusive, 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 bufltish 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 Wall belbngs in the Pennsylvanian.

aU. 8. Geol. Expl. 40th Par., Rept., vol. 4, 1877, p. 57, pl. 5, figs. 2,2b.
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The lower Aubrey group furnished most of the fossils collected, and an extensive
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 togetherin the Uinta Mountains in the extreme north-
eastern part of Utah. From Echo Park are cited Amplexus zaphrentiformis, Fenestella
sp., Archimedes sp., Chonetes platynotus, Productus longispinus (1), Productus
costatus (1), P. costatus var., Productus muricatus, Hemipronites crenistria, Seminula
subtilita, Spirifer rockymontanus, and Phillipsia sp.; and from Split Mountain
Canyon are cited Amplexus zaphrentiformis, Cheetetes 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 specimens
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 indicating Upper Carboniferous. 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 certain 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 Amplexus zaphrentiformis 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 Carboniterous 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 cited 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 cireumstance may not
be without significance, the representatives of both Archimedes and Acervularia are
missing from the collection as it now 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 Archimedes 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 Bellerophon carbonarius var. subpapillosus from Junction
Mountain and near Diamond Peak, in northwestern Colorado; and in Utah, from near
Echo Park, Bellerophon carbonarius var. subpapillosus, and from Beehive Point,
near Horseshoe Canyon, Discina sp., Hemipronites crenistria, Spirigera subtilita,
Spirifer rockymontanus, and Bellerophon carbonarius 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 Wall
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, 1 believe, identified outside of the Uinta Mountains, the Red Wall 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., Lophophyllum proliferum, Archeeocidaris cratis, Archaeocidaris trudifer,
Frisocrinus typus, Scaphiocrinus carbonarius, Fupachyorinus platybasis, Polypora
sp., Productus punctatus, P. longispinus (), P. prattenianus, P. semireticulatus var.
wwesit, P. nebraskensis, P. multistriatus, Chonetes granulifer, Hemipronites crenistria,
Meckella striaticostata, Seminula subtilita, Spirifer cameratus, Spiriferina kentucky-
ensis, Myalina recurvirostis, Allerisma subcuneatum, Edmondia aspinwallensis, Pleu-
rophorus sp., Schizodus wheeleri, Bellerophon sp., Euomphalus sp., Pleurotomaria
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, Myalina sp., Edmondia sp., and Bellerophon mont-
Jortianus. 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 (Hemipronites crenistria, Productus longispinus, and
Seminula 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 denoted, but little need be said.
Powell himself cites no Carboniferous fossils from this i‘egion. Gilbert first gave
local names to the Carboniferous series in the Grand Canyon region,? dividing it into
the Aubrey limestone, the Aubrey sandstone, and the Red Wall limestone. He cites
from the Aubrey limestone (the upper Aubrey of Powell) an Upper Carboniferous
fauna not unlike that which the latter obtained in the homonymous beds at the junc-
tion of the Grand and Green rivers. In the topmost strata Schizodus, Pleurophorus,
and Bakewellia were found, an assemblage not noted by Powell, and one ‘‘suggesting
the Permo-Carboniferous of the Mississippi Valley.”* 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.” %

In the Red Wall limestone fossils are said to be ‘‘abundant near the top, but
difficult to find in the lower portions.”? 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.”? '

In describing the Paleozoic section in Kanab Canyon, Walcott¢ 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 upper and
lower Aubrey groups. His Lower Permian is the Permo-Carboniferous of Gilbert,

aU. 8. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, 1875, p. 177.
bIbid., p. 178.
¢ Am. 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® 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 group. The following statement from Gilbert is also of interest:?

““The classification adopted for the Carboniferous rocks in the Grand Canyon
and along the southern margin of the Carboniferous plateau is of local value oniy.
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 Ulnta 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 Wall 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 Meek, Walcott, and Frech, and
we have a Mississippian fauna from it. On the other hand, it is 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

a Cong. Géol. Internat., 5th sess., Compte Rendu, 1893, p. 476.

b U. 8. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, 1875, p. 179.

¢ This measurement is exclusive of the Lodore group, which White says was not presentin hisarea. Atthesame 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 but 465 feet.
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as it is highly probable, from its lithologic composition, that the Lodore does not
belong to the Mississippian 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 quartzite, a horizon which must be in the Lodore
group and below the Red Wall limestone of the Ulnta section.

I shall later offer some evidence tending to show that the lower portion of the
Uinta sandstone is Cambrian and the upper 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, while 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 Lodore 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
wesit, Productus semireticulatus, Spirifir lineatus, Seminula subtilita, Meekella sp.,
Derbya sp., Aviculopecten cf. occidentalis (p. 177). Most of these are well-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, Archaocidaris longis-
pinis, Archeeocidaris ornatus, Archaocidaris graciles, Meekella occidentalis, Meck-
dla pyramidalis, Chonetes wvernewilanus, Productus costatoides, Productus ivesii,
Productus  occidentalis, Productus costatus, Productus semireticulatus, Spirifer
lineatus, Seminula subtilita, Aviculopecten coloradoensis, Allerisma copax, etc.®
Many of these species are new and are not known to occur in the Mississippi
Valley. To this list may be added PFroductus 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 Fro-
ductus tvesiz, which appears to be especially characteristic of the Aubrey formation.
As associated with it is mentioned also Productus multistriatus, 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 a full
consideration of all these faunas, a task to which I shall address myself at some future

alIves’s Report Colorado River of West, Senate Ex. Doc. No. —, Thirty-sixth Congress, f_irst 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 striking 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 correlation consists in the thickness of the
formations supposed to be equivalent. The typical Aubrey group has a thickness of
but 1,800 feet, while the Lodore, Red Wall, upper Aubrey, and lower Aubrey groups
of the Uinta Mountains, according to Powell, amount to 5,000 feet, though, as
already noted, White assigns 3,100 feet and King but from 2,000 to 2,500 feet to the
same formations. It is a fact 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, which is nearly a mean
between King’s and Powell’s. Upon this point—whether the Pennsylvanian portion
of the Red Wall limestone is missing from the Uinta section, or is represented by
part of King’s Upper Coal Measures, there is very little evidence. There exists,
however, such an analogy between the sections of the Wasatch 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
Wasatch Mountains, the Red Wall limestone in the Grand Canyon, and the Lead-
ville and Weber 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 correlation,
then, the Devonian, Mississippian (lower Red Wall), and lower Pennsylvanian (upper
Red Wall) wedge out as the eastern Uintas are approached,® while the Weber 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 occurrence 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 tollowing the publication of Powell’s report upon the Uinta mountains
appeared the second volume of the reports of the Fortieth Parallel Survey.” 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

aProbably 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 résumé by King of the results
in systematic geology of the work of-this survey® 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
Colorado 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 Wasatch Range, which
adjoins them on the west.

The section of the Wasatch Mountains which King uses as a reference section
consists of the following formations:?

Section of Wasatch Mountains.

Feet.
Permo-Carboniferous. o o s csel foin cdiboniismmmtn s Moy ST 650
. U PpetiCoplMERRETERt = o o Db bl Bt e B S L B 1, 700-2, 100
Weber quartzite . 0 i L e B R P 5, 000-6, 000
Wasgteh: limneRtoneie s oocuio i dale © o v sl 0 00 ol e o i P e 7,000
Ogden qUATEZItE . dhau o SLl soc Sbia ot i et SRR T R 1, 000-1, 500
Ute NInestone Jos fod S b ool e el b Lo G W e SV 1, 000-2, 000
Cambrianahaleril S8s et ot e AT s St P 75-600
CambrianfqGuarkzite i e 2, S0 4 o Sl - S SRR 12, 000
Lower Gambrianislatens i o il st in i 8 i e SRl e e ; 800

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
correlation with sections farther west, where its supposed equivalent is defined by
fossiliferous horizons above and below. The Wasatch limestone is reported as having
Deyonian forms in the lower part, with Waverly fossils above and Coal Measure
faunas running aown to 1,600 feet above its base. The Devonian species cited in the
Wasatch Mountains are, however, few,’ and occur also in the Waverly fauna. I
have never seen any Devonian fossils from the Wasatch Mountains, and in one case
at least (Rock Canyon, back of Provo) the very basal beds of the Wasatch limestone
carry a Waverly fauna. There seems to me, therefore, to be no evidence for
referring any portion of the typical Wasatch limestone to the Devonian. Farther
west, however, in Nevada, in the Tucubits, White Pine, and other ranges, abundant
and well-marked Devonian faunas are found, but the limestones in which they occur

“are evidently not the Wasatch limestone, but another formation underlying it, which
is not found in the Wasatch section. From the Ruby and Egan mountains? faunas
are cited as from the Wasatch limestone which have a peculiar facies that is believed
to be distinctive of the limestones which come above the Weber quartzite in the

aTU. 8. Geol. Expl. 40th Par., Rept., vol. 1, 1878. ¢ Streptorhynchus inzquale and Proetus peroccidens, ibid., p. 177.
01Ibid., p. 155. ~ aIbid., p. 203.
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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 Mississip-
pian in its lower portion, with more than half above Pennsylvanian; the Weber
quartzite and overlying limestones Pennsylvanian. More recent collections taken
from the Permo-Carboniferous of King have introduced an uncertainty as to whether
this series is really Permian or Mesozoic. The component formations of the
Wasatch Mountain 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 Paleozoic formations of the Uinta Mountains in the following
terms: ¢

“1. A series of siliceous beds 12,0004 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 Bellerophon-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
Permo-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 diseriminated 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 deseribed 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 Wasatch Mountain section. \

Several points of disagreement appear when the account by Powell of the geol-
ogy of the Uinta Mountains is compared with the review by King of the same subject.
One of these is the reference by the latter of a part of Powell’s Shinarump group to

a U. 8. Geol, Expl. 40th Par., Rept., vol. 1, 1878, p. 153.
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- the Carboniferous. The faunal list on page 146 of King’s report comprises Myalina
(resembling subquadrata), Myalina n. sp., Bakewellia parva, Pleurophorus sp., and
Macrodon sp. King remarks: ‘‘These are the only fossils obtained in Uinta Range
from the easily eroded beds that separate the lower sandstones of the Trias from the
Bellerophon cherts which mark the uppermost horizon of the Coal Measures, and are
interesting, since the forms as well as the physical condition of the beds are closely
allied to the Permo-Carboniferous 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 limestone 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 Wall, and Lodore groul;s given by him on page 57.
Furthermore, Powell describes a great unconformity as occurring at the top of the
Ulinta 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 age of 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 Spérifer imbrex, and a well-preserved specimen of Spirifer camer-
atus.  The Spirifer imbrex was tound 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 vmbrex 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 to indicate much
more than an age probably subsequent to the Cambrian, but in view of local facts of
lithologic and stratigraphic occurrence, it may well belong to Carboniferous time.
The Spirifer comeratus was found in a pebble of red jaspery quartzite near Geode
Canyon, and its origin was evidently the Weber quartzite beds of the interior of the
range, while the character of the matrix would indicate that the stratum in which it
was deposited belonged to the middle of the series.” Spirifer cameratus is a distinctly
Pennsylvanian species, and forms even resembling it are very rare in the Mississip-

aU. 8. 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, as 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 includes more than the Weber beds.

At two points in the western end of the Uintas, fossils are cited from beds just
above the Weber quartzite. King says:¢ *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, Productus semireticulatus, Spiriferina pulchra, Martinia
lineata.”  Spiriferina pulchra is a peculiar form whose position should not be far
above the top of the Weber, 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 Weber beds, were obtained ? Chonetes granulifer, Martinia
lineata, Syringopora multattenuata, Zaphrentis, Lithostrotion, and FEuomphalus.
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
Wasatch limestone. If the list cited by King be considered in the light of this fact,
it becomes evident that Chonetes granulifer, which is without doubt a misidentifica-
tion, is really the only characteristic Upper Carboniferous form, Syringopora,
Zaphrentis, Lithostrotion, and Fuomphalus being rather indicative of the lower
Wasatch, where they are common. It would appear, therefore, that in the western
Ulintas 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 Wasatch section, which have a combined
thickness of about 13,000 feet; but as the Cambrian of ecentral Colorado, which is
presumably a continuation of that in Utah, has a thickness of less than 1,000 feet¢
it would be natural to suppose that in the Uinta Mountains the Cambrian would be

aU. 8. Geol. Expl. 40th Par., Rept., vol. 1, 1878, p. 147.

b Ibid., p. 146.

¢ 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.



44 CARBONIFEROUS FORMATIONS AND FAUNAS OF COLORADO.

somewhat intermediate in thickness, 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 as 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 hypothesis it 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 which in their lateral extension vary in an important manner
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, for 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),* 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
manner outlined, the difficulties incident to this hypothesis would be in large measure
rewoved. :

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 maximum 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 Waill, 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 kentuckyensis, Seminula subtelita, and Meekella 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 two 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 exists. In the
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Wasatch Mountains this division contains some striking and peculiar species. I
collected Productus nevadensis, Productus multistriatus, Spiriferina pulchra, and
several other forms, few of which probably are known in the Mississippi Valley,
from this horizon in Weber Canyon. A somewhat similar fauna is cited by Emmons*
from Mill Creek Canyon—Spirifer cameratus, Spirifer octoplicatus, Spiriferina
pulchra, and Productus subhorridus. Some of these forms are cited from the same
horizon in the Uinta Mountains. From the foothills bordering Kamas Prairie were
obtained Productus semireticulatus, Spiriferina pulchra, and Martinia lineata.’
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 Uintas the-fauna
of the Upper Coal Measures, except for the Bellerophon limestone, which I shall
speak of later, comprises only the usual Pennsylvanian types. From Zenobia Peak ¢
are cited Spirifer lineatus and Spirifer opzmus; near Ute Peak? Spiriferina ken-
tuckyensis, Seminula subtilita, and Meeckella striaticostata.

Emmons also states that Marsh found at this horizon, and apparently very near
this same locality,® Zaphrentis stansburyi?, Fenestella sp., Derbya crassa, Productus
sp., Spirifer cameratus, Seminula subtilita, and Phillipsia? 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 White.

From this horizon at Vermilion Creek Canyon are cited” Fusulina sp., Nucula parva,
" Sedgwickia concava, Pleurotomaria Sp., Bellerophon carbonarius;, from Section
Ridge 9 Nuculana bellistriata, Schizodus curtus, Bellerophon carbonarius, Orthoceras
eribrosum, Naiadites sp.; from Geode Canyon a similar fauna.” It should be added
that of the species cited Bellerophon carbonarius is FEuphemus subpapillosus; Ortho-
ceras cribrosum is Dentalium cf. canna, and Nuculana bellistriata is Leda cf. obesa.
These stations are all situated toward the east end of the Uinta Mountains. Though
this fauna is not cited from the western portion of 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:? ““The prominent capping cherty limestone is quite constant wher-
ever in the Uinta a good section of the whole Coal Measure series is obtained, 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 Wasatch Range:/ ‘A continuous belt of limestone, about

aU. 8. Geol. Expl. 40th Par., Rept., vol. 2, p. 368. 7 U. 8. Geol. Expl. 40th Par., Rept., vol. 1, p. 142; vol. 2, p. 274.

bIdem, vol. 1, p: 321; vol. 2, p. 147. gIdem, vol. 1, p. 144; vol. 2, p. 285.
c¢Idem, vol. 1, p. 144; vol. 2, p. 287. t hIdem, vol.1, p. 145; vol. 2, p. 291.
dldem, vol. 1, p. 145; vol. 2, p. 289. iIdem, vol. 1, p. 143.

e Am. Jour. Sci., March, 1871, p. 197. J Ibid., 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 Bellerophon carbonarivs.” '

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 Mountains westward into the Wasatch Range, and that the correlation
made by the King survey of the Wasatch 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, though 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.* Except for this brief series, the Devonian is unrepre-
sented in either area, the succeeding formation in Kanab Canyon being the Red Wall
limestone, which, like the Wasatch 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,
which next succeed, are suggestive of the Weber quartzite and Upper Coal Measures
series of the Wasatch Mountains. 1 feel that the upper Aubrey can with some
probability of correctness be correlated with the Upper Coal Measures of the Wasatch
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.
Whether the lower Aubrey represents the Weber, 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

a U. 8. 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 comparable 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® upon an area in northwestern
Colorado whose limits he 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 White River, and the western
the meridian of 109° 80".” (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 United States Geological Survey of
the Territories on the other districts which adjoin this one.” (Page 20.) This state-
ment has 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.

‘White recognizes the following Paleozoic divisions, named in descending order:

“No. 11. Upper Carboniferous.—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 Carboniferous.—Compact 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. 18. Lower Carboniferous.—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. 8. Geol. Geog. Sury. 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 formations.

In his table of correlated sections on page 22 White represents the Weber
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’s lower Aubrey, his Upper Carboniferous 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 Powell represents as exfsting at the base of the Carboniferous series and above
the Uinta quartzite is near the northern border of the district here 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.

White was associated with Powell in his geologic investigation of this general
region two years previously (1875), and without doubt the correlation indicated is as
accurate 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.
He 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 of the Permo-
Carboniferous and Upper Aubrey is without doubt erroneous. The Permo-Carbon-
iferous of King, as previously 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 strikiﬁg 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 4 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—No. 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.

The 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
very 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 obscure.” (Page 23.) Referring again to the uncon-
formity which was reported by 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 quartzite, which he provision-
ally places in the Silurian, following Hayden and Marsh, whose reference seems to have
been equally unbiased by paleontologic evidence. (Page 23.) Carboniterous 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
stratigraphical divisions, and probably inseparable from each other on paleontological
grounds.” (Page 24.) Regarding the upper group he 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 have yet been discovered in the strata of this upper
one.” (Page 26.) As the divisions 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 anything is known to
the éontrary.” (Page 25.) To understand this last expression in connection with
what has gone before, it is necessary to bear in mind the belief held by this author that
the Carboniferous divisions of Mississippian, Pennsylvanian, and 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 Mountains, with its outliers 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 affluents. 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 Mountains.
For convenience this can be denominated the Grand River region, from the stream
which divides it almost in the middle. As defined in 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 works
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
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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 Leadville 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 remarkably uniform over this central Colorado
area, and essentially the same subdivisions 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 necessary specifically to
consider. Inthe caseof the publications of the Hayden survey and 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 the strata were divided, if at all, into groups
supposed to have a definite time value. As, however, paleontologic evidence was often
deficient, and as the discrimination of these groups was frequently made on evidence
more or less fanciful, and in a different manner by different geologists, the result is
far from satisfactory. It is usually possible in these reports to identify by their
faunal and lithologic characters certain horizons, such as the Sawatch quartzite, the -
Leadville limestone, the Maroon formation, 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 now 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 the 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
similar 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 1889, Newberry in
1890, and Carlyle in 1893, had all written accounts of varying length and 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,® is as follows,

descending:

aT. 8. Geol. Surv., Mon., vol. 31, 1898,
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Section at Aspen.
Feet.
(Gunnison formation: A gray or yellow basal sandstone, often calca-
reous, overlain by reddish, grayish, or variegated shaly sand-
BEINE e e e i wssmin s 10201 R AP Y P 300
Red sandstones: Light-red sandstone, more or less grading into the
darker beds Delow - ... .o 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 peculiardark 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 distinet 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 (?) ---n...... {Parting quartzite: T}{is formation consis.ts of thin beds of quartzite,
sandstone, dolomitic shale, and dolomite __________._______...._.. 67
Pure dolomites of a light gray-blue color, with some chert; the thick-
{ ness varies from 250 to-400 feet, thickening southward.......... 250-400
A fine white quartzite, conglomeratic at the base; the upper third is
dolomitic, sometimes glauconitic, and it graduates above into the
pure dolomites of the Silurian_ ... .. ... ... ... ... .. .. 200-400

RS 511 70 SR

RO <eccenaacuven 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 hinted at between the 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 accompanied by a considerable uplift, for the succeeding beds of the
Gunnison formation, which are of late Juratrias age, are probably of fresh-water
~origin. In the interval between the deposition of the red sandstones and shales
there was probably some folding and perhaps a great amount of erosion. The red
sandstones appear to he 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.® They ure
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

aLakes cites from this formation at Tourtelotte Park Syringopora, Zaphrentis, Plewrotomaria, and Straparollus, and from
Fryingpan Creek, Straparolius and Euomphalus. These fossils are among those studied by me and are referred to in the
paleontologic section of this 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
force of this evidence.

The geologic section deseribed in the Tenmile folio,* which is not strictly that of
the Tenmile district itself so much as of the region immediately surrounding, may
be condensed as follows:

Section in Tenmile district.
Feet.

Wyoming formation: Principally sandstone of an intensely brick-

red color; limestones are practically absent. ¢ If the Permian
A P 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™ .......... 1, 500
‘Maroon formation: 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 the Jacque Moun-

tain limestone above; both these limestones contain an inverte-

brate fauna of Coal Measures type - .- cccceeoooeaaaaoa.. 1,500
Weber grits: Mainly coarse sandstone or grits, with a subordinate

development of shale and a few thin and nonpersistent dolo-

mttic Al eERneR s L ol oL e T S N e e s b ) 2, 500
Weber shale: Transitional between the massive limestone below

and the grits above, and consisting of argillaceous and calcareous

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 contains

characteristic concretions of chert and is fossiliferous near the

top; sometimes much less but never more than 200 leet in

thicknesst ol ot o e R B el o e, L0 v 2 200

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

STl A e i SUE at the top are left with the Siluxian s . oo ooos cinoooon

Yule limestone: Light drab-colored, rather thin-bedded lime-
stones, which are often magnesian and always more or less
BH CEOTR DL Bl S Sidiase oS Sion o e s e S SN CPREMUITY W S FE 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

Carboniferous. ...........

15-60

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

In his work at Aspen, Spurr notes a considerable thinning of the Sawatch 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 Zikel-

aU. 8. Geol. Surv., Geol. Atlas U, S., Tenmile District Special Folio, folio 48, 1898.
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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, and 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 ot 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 judged wise to designate them by Devonian color 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 Weber 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 formationsof the Aspen mono-
graph. It seems fair to infer that the Weber shale of the one is the equivalent of
the Weber 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 Weber formation of the Tenmile folio, or the Weber
grits, as it is there called, must, along with the Maroon formation of the same
report, represent the Maroon 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 Weber
grits below by the Robinson limestone, and its upper limit i1s taken at the Jacque
Mountain limestone. Both of the strata last mentioned are sald to contain
invertebrate faunas of Upper Coal Measure type.
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In the Aspen district 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 derived 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 area 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 Gunnison formation, with an unconformity between, so that its
thickness there also is probably not the original thickuess.

Spurr, as we have just seen, places this formation in the Trias, but Emmons
groups it with the Carboniferous formations, remarking that ‘‘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.” 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
Clift, ete. 2 .

Possibly before being diverted to the consideration of some of the earlier litera-
ture, it would be well to speak here of the geologic section at Red Cliff, which has
been briefly described by Emmons (in 1886)¢ and by Tilden the year following.?
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 Pal'fing quartzite was not
definitely recognized, though thin siliceous beds occur at about the horizon for it.

Tilden’s section, which was made at Battle Mountain, near Red Cliff, in Eagle
County, is more detailed and runs as follows:

aColorado 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.
Cambrian white quartzite. ... ..o oo i iiiiiiiciacens 125
Fine-grained sandstone. ... . S e 6 R R % S B A e W B R B 100
Silurian white quartzite - ..o iieiccecaaan 5
Conglomerate qUATtZite. - - o oo cceaa e 8
Blue dolomitic limestone - - ... .o iiicaiiaaan 250
Black siliceous limestone - - - ... iiiieiiaaaaat 300
Carboniferous limestone. . ... ..o oo icacaoilonn 1, 000
Leadville quartz-porphyry . - oo i 200

Over 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 238 feet, should
be considered as representing the Sawatch quartzite. This formation 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 are not normal at this locality. If a
portion of the blue dolomitic limestone belongs to the Yule, the Parting quartzite
would still be missing. Tilden seems to suggest that 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® 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 area assigned to Marvine in 1873° is a rectangle included between parallels
39° 30" and 40° 20’ north latitude and meridians 104° 45’ and 106° 30" west longitude.
In the southwestern corner of this area is the most eastern portion of the Grand
River Carboniferous area, but apparently Marvine was not able to push his work
into this tract, for I do not find it described in his report. In the year following
his survey was extended to the area west of that which he examined in 1873. This
territory Hayden described in the following words:¢ ¢ The main portion is bordered

aNot in thickness in the case of the Aspen section, however.
bU. S. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 83-192.
¢U. 8. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., 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 River area north of the line made
by the Grand and Eagle rivers, and our information concerning it is almost restricted
to such facts as are deducible from the maps of the Hayden Atlas of Colorado,”
together with the section (B, Sheet XVII), which passes just north of parallel 39°
45" north, and from such inferences as may be framed from consideration of the
geology of adjacent territory. From the maps and sections the Paleozoic rocks are
seen to consist of 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,? which is defined as being
limited on the north by the parallel of latitude 39° 15’, on the south by.parallel 38°
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 of this,® 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 Moutonnée Creek; thence westward along the northern boundary
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’; thence westward on this parallel
to the intersection of meridian 109° 80’; 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 forms. 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. 8. Geol. Geog. Surv. Terr. Geol. and Geog. Atlas of Colorado, ete., 1877.
b U. 8. Geol. Geog. Sury. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 194-273.
¢ U. 8. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, pp. 73-180.
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divisions which are supposed to be represented. I have repeated the section of 1874

and 1875, returning 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:

-3

. ‘Coarse gray sandstone with interlaminated shales

Section of Permian or Permo-Carboniferous strata on Eagle River. (After Peale.) @

. Space probably filled with sandstones and shales reaching to the summit of the hill back

from the bluffs, containing a thickness of about. . ... ... . .....................

. Rather coarse gray sandstones, in thin beds, fossiliferous and weathering of a rusty color.
. Massive sandstones, generally of a gray color with -a greenish tinge. They are mostly

fine g‘i'ained and generally micaceous. Some of the beds are pebbly, and near the bot-
tom is a band of black shale with carbonaceous material. This band is from 6 to 8
feet in thickness. These sandstones are exposed in a bluff, in the upper part of which
they are conglomeritic and darker in color than Delow - - - -« - o eeneeee e

. Very hard, irregular-structured blue limestone, of a brownish color on weathered sur-

2. Greenish-gray micaceous sandstone shales, with bands of very hard sandstone......_....

= U

11.

. Coarse white conglomerate

. Conglomeritic sandstones and gray shales

. Blackish micaceous shales

Total thiCKNESS ABOBL oo cc e e cceee imimie o cincie vimmm oo e o S mas @ & 0 s e 8 21 i 8m s e

Section of Carboniferous strata on Kagle River. (After Peale.)b

« PNk conglomierific SINUSTONEE & coss we vsm o nmm s s ems s s s o5 & 5 Asmmmids & s mss e

Light-gray shales with hard sandstone bands

. Sandstones and interlaminated micaceous shales, some of the sandstones conglomeritic.
. Sandstone 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.

. Coarse, grayish sandstone, with interlaminated shales; near the top is a layer of red

sandstone, succeeded by a conglomeritic layer ... ... . ... . .. .........

.- Fine-grained, reddigh-brown sandstons ... « .=« sxs - samassocassiose sion = sams s = tmmes e
. 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 conglomeritic) in beds from 2 to
4 feet in thickness. Above these are conglomeritic sandstones with shales in the
center. The total thickness is about - .. .. ol

Coarse white sandstone, with a band of hard fine-grained sandstone near the top. The
micaceous character is marked between the layers ... ... . o . . --- .

Thickness.
Ft. In.
500 0
342 4
205 10
145 0
10 0
45 11
27 3
1,276 4
Thickness.
In.

37 b
92 9

3 9

3 9
367 2
252 0
25 1
27 4

4 0
511 O
40 O

aU. 8. Geol. Geog. Surv. Terr., [Eighth] Ann. Rept., for 1874, 1876, p. 118. bIbid., p. 115.
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Thickness.

Ft. In.

12, White conglomeritic sandMione. s ot i i aosdedoncaei s comae ntem e s AT e s bRt 10

13. Red conglomeritic sandatone o o o g 38 8

14. Dark-red micaceous shaly sandstones .. B SN e N G S

15. Brownish-red sandstones, conglomeritie - ..uc.iocac s oo ciieistaciaainsr sl 30 10
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 ... ... ... ........ 45000

17. Coarse white sandstone, with grains of quartz and some decomposed feldspar ._........ A
18. Soft greenish sandstone in fine layers, with a few hard bands, each a few inches in

thickniess oo cowed Dell Sul i Tladd Sl bl Cls s s R R TERE N MO e e e 99 3

19. Red sandulione . i e ie st aton oasis s sl i s S st o oo e e NN RS S e e T s

20. Brownish SandStOnes « s cocmmmsesomatn samw asieh s et e e S s e S 99 8

21.. White granular brown-gpotted sandstone. ... .. .o oo oo oiiliiaaiiliieiieicciannn 810

22. Greenish-gray micaceous sandstones, partially conglomeritic..... ... .. ... ....... 352 0
23. A space in which the beds were so much concealed that it was impossible to make a
detailed section; the upper portion is probably filled with a prolongation downward
of the micaceous shales and sandstones, while the base is limestone. In the latter I
found Awiculopecten, Pleurophorus, and an Avicula or Bakevellia. The total thickness

of strata as indicated by the gpage 18- .. L oo o o iaocidaadonassnnniie Joe PR R L4085 d

Total thickness of supposed Carboniferous ... ... oo icoiienncacnnnn 2,504 20

The remainder of the section to the beds I included in the Devonian? is as follovys: L

24, A laminated trachytie roeks 5ol if ous o ol it wmid et e e S e ey Do) o e P U B L S e & S TR 15

2. Spaceprobably filled mainly by limestones . ... cliosnccnnivmamcnonissosnnnnens } @ 1. 0001, 500
26. Black, flinty limestone, with pieces of pyrite and fragments of Spirifer or Spiriferina ; ’

Seetion of Silurian strata on Eagle River. (After Peale.)?

7. Light-bluish limestones on weathered surfaces, white and yellow. Itisin bands from At
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............ 219 6
Calciferous group:
6. Space, in the upper portion of which 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 thickness and the remainder
of the space i probably filled with sandstones and quartzites, with perhaps a few shales.
The space was so covered that the beds were all concealed. The entire thickness is .. 68 4
b. Milk-white quartzite, similar to that of No. 1. . coiaeacaian cndbin Sotal S sl NS 4
4. Space probably filled with sandstones. . - . -z-iococivcioicasiinsosniiitsscnmasmmesi 22 8
3. Grayish-brown laminated sandstones with a greenish coating and mud marks on the
gurisceés of the laminsmeie s il o de LT L aln . B0 e Suie, e N R I 98 6
2. Fine-grained, rather compact, glauconitic sandstone, somewhat laminated, dark brown
S G g o e SRR R C TN L Bl e O DL L e 100
Primordial group:
1. Milk-whitequartzites cs ol felas con duvbanvinme s sonimitoe s son R A SLE R P oS 400 0
Gneiss:
Total thickness of Silurianabont. . ccaccicciaomacsocoataeio e madcogo i iidis 819 9

a Estimated. bU. 8. Geol. Geog. Surv. Terr., Eighth Ann. Rept., for 1874, 1876, p. 118.
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In the same volume is published another series of sections made on Eagle River
at a point considerably 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, ~outh side. (After Peale.)

Thickness
in feet.

1. Space probably filled with sandstones and marls, about . ... oo oo oo m i ciiaaaaaaaas 500

2. Laminated sandstones and blue limestones - . . . oo oo oo i iccecmccaccaaaaaa } 195
3. Light-yellowish brown sandstone. - . ... ..o ecececccccemecccceem——aa-

4. Blue Hmestone . ccuceecccmncooomanncionne sanmnnanoosaemssasssssesbsssass sbensotesanmsssie 50

5. Gray shaly sandstones with interlaminated marls and thin bands of blue limestone......... 200

TEOtRL DO s s mmmm s i s s smies armsmte s e o e areres €1 mcasaaveseloa Srmiyio eS8 15 940

Section of Triassic on Eagle River at second canyon. (After Peale.)?
Feet,

8. Massive light-colored quartzitic sandstone. ... ... i i iaciiiciaaiana- 10-20

7. Red sandstones somewhat laminated .. ... L iiiiiieiiccaaeaal. } 300
6. Pink quanfzitic Sandetone. su oo dsom s Sums x smn o a ariom bk & S S o S 5 550 i 5 B S 5585 BT

5. Red sandstones, more massive than the lower layers, although there is some lamination .... 375

4. Coarse white sandstone . .. ... e icccceeiccccccecmcecbacccce——a- 5

3. Red and brown laminated sandstones, some of the layers being seemingly calcareous - ...... 193

2. Purplish. SANGSEONCH outi cimimin m smio s somin = msia & iore o mioimm micibin Brrate & wraie = crermin @ simin 37 i o fince s =iajo im e 15

1. Red sandstones, somewhat laminated . . ... Lo iiiiicccaaana 70

Total THICKIERS « s oo v mimi 5o Slu e s SaeE 5 sorm & s b braies 5 i oSl s Sy Caes s e s 5 e 978

Section of Permo-Carboniferous. (After Peale.) ¢
Feet,

1. Gypsiferous shales and sandstones. The gypsum occurs in great quantity and is rather
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. ... ... ... N 500-800

2. Shales, sandstones, and limestones, alternating colors, pink, brown, gray, yellow, white,
cream color, and blackish. These beds are best shown on the north side of the river.

They incline generally about 60°. In some places they are inclined past the vertical,
especially in the upper portion. The thicknessisabout. ... ... ... . ... ... ... . .. 500

3. Pink, brown, and gray shaly sandstones with interlaminated thin beds of blue 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 isabout........_._. ... 200

Potal ThiCkIIeRE & o cnmm s o icine s st sim g mrmrmiarior e v s Syt S imle S oy i AL S kg 1,500

The first section contains beds referred to the Silurian, Carboniferous, and
Permian; the other to the Permian, Triassic, Jurassic, ete. It is not clear from the
context that the Permian portion of the latter is continuous with the Triassic and
the Jurassic series, but this appears to be the case. The following is the summarized

aU. 8. Geol. Geog. Surv, Terr., [Eighth] Ann. Rept., for 1874, 1876, p. 119. bIbid., p. 122. ¢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 Measures, and Permian. There appear to be important departures
from the original section from which the summary was derived. :

Generalized section on the Eagle River, district of 1874. (After Peale).@

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, laminated, micaceous sandstones and black shales, with patches
of carbonaceous material; near the base are limestones,® with Awvicula, Awiculopecten,
b 70y ) (07 S b RS e S B Bt R I MBS gl 3 o 0 S 2 o S B 2, 500

SUBCARBONIFEROUS.

The first section quoted was made, as I have already stated, along the upper
portion of the Eagle River, the Carboniferous beds being chiefly exposed near the
mouth of Roche Moutonnée Creek. 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 section is subdivided into a Silurian, 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,
congsisting 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 his 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 group. It is
possible that the bed of glauconitic sandstone which Peale cites just over his
Primordial quartzite can be correlated with a similar bed which Spurr described as
occurring in the upper portion of his Cambrian quartzite. The two beds agree
with singular closeness in thickness, lithologic character, and stratigraphic position.¢
The strata which overlie the glauconitic quartzite at Aspen and are transitional to
the Silurian dolomite are also similar to the Calciferous group of Peale’s section.?

aSee sections, Report of 1874, pp. 115-119.

b This layer may possibly be Subcarboniferous [Peale]. "

cSpurr calls attention to the wide extent of this glauconitic horizon on page 7 of the Aspen monograph, Mon. U. S.
Geol. Surv., vol. 31, 1898. X

dThe upper, transitional portion of the Sawatch quartzite of the Tenmile district is not unlike Peale’s Calciferous
group, although very much thinner. The latter 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 expansion of the
upper or transitional portion of the Sawatch 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 the 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 area, is somewhat
thinner than at Aspen. Taken together, the Cambrian and Silurian beds, 823 feet
in thickness, are slightly in excess of the combined maximum measurements of the
two series at Aspen, and greatly more than their combined measurements 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® to the effect that ‘¢ there was a much
greater development in Mr. Marvine’s district.” This statement refers to the
Silurian beds, under which term it must be remembered are included both the
quartzitic and the calcareous strata mentioned above.

The limestones at the base of the Carboniferous portion of the section occur just
above those given in the section of the Silurian. The lowest of these evidently
belongs to the Leadville limestone, and the beds above, which appear to be mainly
calcareous, must represent the Weber formation or Weber shales of the other 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
page’ 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 section, and to a
certain extent from the fossils, that bed 26, whose thickness is not given, is the
Leadville limestone of later reports. This formation is known at so many and so
widely separated localities to contain a Devonian fauna in its lower portion that it is
probable the same occurrence will be found at this point also.

Bed 22, from its lithologic character and relative position, can safely be referred
to the Maroon formation, or Weber grits, as it is alternatively called. As the 408
feet of beds immediately below, which are said to be concealed for the most part,
consist of micaceous shales and sandstones in fhe upper portion, with limestone at
the base, it seems probable that a portion of bed 23 also belongs in the Maroon.
From the limestone is cited a fauna which is probably of Upper Carboniferous age.
As the Leadville limestone contains a Mississippian fauna it is necessary to conclude
that the base of 23 belongs in either the Weber or the Maroon formation, the age of

aTU. 8. Geog. Sury. Terr., [Eighth] Ann. Rept., for 1874, 1876, p. 110. bIbid., 114.
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both being-Upper Carboniferous. It seems probable 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
determinable boundaries and with a thickness only approximately determinable. -
Beds 25 and 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 the 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 section
in the matter of the two formations mentioned aboveis close to the Aépen section,
but differs widely from that of the Tenmile district.

The remainder 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, however; 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 ¢ indicates that the geologic age is not Permian but
Upper Carboniferous, it would be desirable to have 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,.I believe, represents
the Maroon formation, belonging to the upper portion, which was not differentiated
by Spurr, but to which Emmons restricts. the name Maroon.

Peale’s other Eagle River section, made near the seécond ecanyon, comprises series
referred to the Permian, Triassic, Jurassic, etc. The two Permian sections are by
no means strikingly similar lithologijcally, and I doubt if any more than the basal
portion of the second corresponds to the top of the first. - Possibly they are even
entirely superimposed. Indeed, Peale remarks? 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

aProbably about the Rico formation of the San Juan and the upper Maroon of the central part of the State.
bU. 8. Geol Geog. Sury, Terr., [Eighth] Ann. Rept., for 1874, 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 included 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 that 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 his 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 Wyoming sandstone of the Tenmile district, 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 section, 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 same 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 objectionable 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 different 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 early 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 sections one has 1,500 feet and the other 1,276 feet. The upper por-
tion of the summarized section evidently corresponds 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 myself 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 Leadvillé limestone (this
formation measures 350 feet at Aspen 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 Carboniferous formations in the three sections discussed, itis 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 thickness,
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 ¢ 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, and
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 1 have
said, very near that which Peale worked out on Eagle River near the mouth of Roche
Moutonnée 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 appear to
consist of massive, dark quartzite, which rests upon granite (page 360). No detailed

aU. 8. Geog. Geol. Expl. Surv. W. 100th Mer., Rept., vol. 8, 1875, pp. 303-501.

{
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section is given. Apparently here, as in the Elk Mountains, Stevenson did 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 characters which
were uniformly observed over all the area examined. Referring to the section on
the forks of Eagle River, he remarks: ‘‘As exhibited there and elsewhere, the succes-
sion seems to consist of, first, a group of sandstones resting on a thick limestone
and holding beds of gypsum interstratified with thin limestones; second, resting on
No. 1, a group of limestones and coarse sandstones; third, above all a great mass of -
coarse sandstone, in which no beds of limestone were seen.” (Page 362.) Applying
this to the detailed section of the rocks exposed on the forks of Eagle River (page 368),
it appears that the upper division, bed 1 of the section, is about 2,500 feet in thick-
ness; the middle division, beds 2 to 20, inclusive, 500 feet in thickness; and the lower,
beds 21 and 22, about 2,000 feet in thichness. But it must not be supposed that with
bed 22 the bottom of the section is reached, for he says (page 870): *“ With this
stratum, which is not more than 200 feet above the bottom limestone, the measured
section closes.” The ‘“bottom limestone” of this quotation is probably that described
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 formation in its
upper portion and the Yule limestone at its base. The three groups of strata over-
lying it appear to belong to the Maroon formation.

Stevenson apparently missed the Red Beds altogether in making this section, for
(1) he does not recognize any Triassic series in this area, by which name he elsewhere
distinguishes the Red Beds; (2) he remarks no discrepancy between this section
and the Carboniferous sections of the Crested Butte region, where the Red Beds
are apparently wanting; and (3) he compares the upper portion of the section of the
Sangre de Cristo Range, in which no strata belonging to the Red Beds are included,
with the upper portion of his section on the forks of Eagle River.¢ I therefore
conclude that Stevenson saw no equivalent of the Wyoming formation in making
this section; that if he had he would have referred it to the Triassic; and that the
recognizable portions of his section can be referred to the Leadville limestone and the
Maroon formation. He probably did not distinguish any beds equivalent to the
Weber limestone.

The whole series of Stevenson’s section above the basal limestone appears to
belong to the Maroon formation, and is equivalent to the Carboniferous (bed 1
to the middle of bed 23) and Permian of Peale’s upper Eagle River section, with
probably the lower 700 feet of the Permian of the lower Eagle River section.
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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? 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-Carboniferous. This can, however, hardly be
the case, as Stevenson’s gypsiferous series is at the bottom of his section, while
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, Spurr’s, or
Emmons’s sections,” and there is a more or less marked lack of agreement in detail
between his section and the others mentioned, though this is to be expected in all
save Peale’s. Compared with the Aspen section, that given by Stevenson represents
the Maroon 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 apparently be correlated with the Weber grits and Maroon formation
of the Tenmile folio. In the latter their combined thickness is given 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 which, 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 true 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. But the other points mentioned are not constant. Steven-
son 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 subdivisions made by the latter
depend, appear to be features of great variability.

Stevenson remarks upon the conglomerate which forms 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

i

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. 8. Geol. Geog. Surv. Terr., Ninth Ann. Rept., for 1875, 1877, p. 73.

b1t is more in agreement 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. 8. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, Supplement, 1881.)
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overlying 100 feet of shale and sandstone which rests upon 150 feet of limestone.
The suggestion conveyed is that the ‘“bottom limestone” which underlies the
arenaceous series in the section on the forks of Eagle River, and which I have
already inferred to be the basal calcareous member of the generalized Carboniferous
section as recognized by Stevenson, corresponds to the limestone forming the base of
the section on the West Fork of Taylor River. The character of these limestones is
such as to support the belief that they belong to the Leadville limestone.

In 1876 Endlich was given the White River district for geologic examfination
and report.” ‘‘To us,” he says, ‘“had been assigned the region lying west of the
[White River Indian] agency, bordered on the north by the White River, 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 Mr. Marvine (1873) along a line of about 107°
45" west.”? This area includes only the western margin of the Grand River Paleozoic
region.

The oldest beds exposed in this district are the Red Beds, or Juratrias. These
are said to rest conformably upon the Carboniferous, which outcrops extensively in
Marvine’s district to the east. Endlich’s account is very brief and may be condensed
into few words. According to him the Trias consists of massive beds of red sand-
stone which have a thickness at one point of 2,000 feet and are overlain 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 quadrangle, but
the massive white sandstone at the base of the Gunnison is not differentiated here, or,
at all events,is not distinguished by Endlich. The Triassic itself 1 am disposed to
believe the same as the Lenado Red Beds and the Wyoming formation of the Ten-
mile district. The Lenado Triassic is reported as 2,600 feet in thickness, while the
latter measures 1,500. On the other hand, Endlich states of the Red Beds that *‘ In
no manner were they observed to differ particularly from those observed on the
eastern slope of the Front Range. Most likely their vertical development is some-
what larger here than there, but in all lithological and stratigraphical features they
agree closely.” The occurrences on the Front Range I have supposed to represent
the Wyoming, and possibly, in local sections, part of the Maroon formations.

ELK MOUNTAIN REGION.

The only piece of detailed geologic work in the Elk Mountains in which a section
is established suitable for use asa basis of comparison with the less complete observa-
tions of the several reconnaissance surveys which have visited this region is Folio
9 of the Geologic Atlas of the United States.®

aU. 8. Geol. Geog. Surv. Terr., Tenth Ann. Rept., for 1876, 1878, pp. 61-159.
b Ibid., -p. 63.
¢U. 8. Geol. Surv., Geol. Atlas of the U. S., Anthracite-Crested Butte Folio, Colorado, folio 9, 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 quadrangle.

JURATRIAS. o

eet.

Gunnison formation: The upper two-thirds drab, green, yellow, and pink clays, with thin
limestone. The base is a heavy white quartzite. .. ... ... . . . i . coccc..o. 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. .. ... ..o ooiooioioiiio i iiiaiaaaan 2, 500

Maroon conglomerate (lower portion): 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. ... ... .. oo iiiiao. 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 browh. < Dark cherts .. .o.coiol el i ia il o e 400-525

SILURIAN.

Yule limestone: At the top, 80 feet of green, pink, and yellow shale and thin limestone. The
middle portion massive gray limestone with white chert. Lower portion white quartzite
7850 100 et thicke s ¥t ks ST s L ol o T e a L SR T R e B DR R e 350-450

CAMBRIAN.
Sawatch quartzite: The upper two-thirds red quartzite containing 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 Weber 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 the Yule
formation. Spurr states:* ‘“Mr. Eldridge has described what is also evidently the
equivalent of these beds in the Crested Butte area thus: The upper division, 60 to 90
feet thick, consists mainly of green, yellow, red, and white shales, with more or less
arenaceous and calcareous layers, the latter passing into thin limestones. The per-
sistence of its general lithologic character renders this horizon easily recognizable.”

The Leadville limestone is proportionally much thicker in the Crested Butte
quadrangle than at Aspen, while the Weber formation is, on the other hand, much
thinner. The Maroon formation is about the same in each, being a little thicker in
the Crested Butte quadrangle. It is possible that the discrimination between the
Weber and Maroon formations was not made at precisely the same horizon in the
two areas, and at all events the combined thickness of these formations is 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 formation in
the Aspen district are the equivalent of those bearing the same name in the Crested
Butte quadrangle. The described character and occurrence of the two series tend
to corroborate this view. A similar probability surrounds the correlation of the
Maroon formation in the two areas. In the Crested Butte quadrangle the Maroon
conglomerate is succeeded by the Gunnison formation with an unconformity between.
In the Aspen region, however, beds having the character of the Maroon pass upward
without apparent break into a series otherwise somewhat similar in character, but
colored a brighter red. It is this formation which at Aspen is followed by the Gun-
nison preceded by its unconformity, as in the Crested Butte quadrangle. It seems
from this that we have at Aspen a series of considerable thickness which is not rep-
resented in the Crested Butte region, a fact to which Spurr calls attention.® Its
absence in the Crested Butte quadrangle can hardly be accounted for in any other
way as satisfactorily as by ascribing the conditions there prevailing to the uncon-
formity owing to which the Gunnison formation in that area, we are told, rests some-
times upon the Maroon conglomerate and in some cases upon older formations. It
is possible, however, that this series may actually occur in the Crested Butte region,
but so changed by metamorphism as to be unrecognizable. In the southern part of
the region, however, where the upper portion of the Maroon is thinner and has not
been altered, its absence is nearly certain.

Aside from the Anthracite-Crested Butte folio, but little has been written about
the geology of the Elk Mountains which closely concerns the subject in hand.

Perhaps the earliest account of geologic exploration in this region was that pub-

aU. 8. Geol. Surv., Mon., vol. 31, 1898, p. 20. bIbid., p. 38.
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lished by Ruffner in 1874 ¢, 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 party must have traveled, consists of little more than
mere notes, and 1 am unable to recognize with certainty the different rock groups
distinguished in the Anthracite-Crested Butte folio except in one instance, where
Coal Measure fossils are cited from an exposure of shale and sandstone some 200
feet thick, near the mouth of Spring Creek (p. 78). These probably belong to the
Weber 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 conclusion 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? deals chiefly with the line of Paleozoic out-
crops along the Mosquito and Sangre de Cristo ranges, but he also discusses portions
of 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 388, 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, interstratified with narrow bands of shale, and partly altered 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 Larbonlferous lime-
stone full of fossils, ete. 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 are 50 feet of yellow, reddish, and
whitish shales without any fossils, ete.”

aRep. Reconnaisance in the Ute Country in 1873, by Lieut. E. H. Ruffner. Washmgton, 1874. 434 Cong., 1st sess.,
House Ex. Doc., No. 193.
bU. 8. Geol. Geog. Surv. Terr., [Seventh] Ann. Rept., for 1873, 1874, pp. 305-357.



RESUME OF LITERATURE. 738

This series, which is reported as almost identically 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 consist 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 least almost certainly does. The age of the fauna is not clearly indicated by the
faunal list given by Endlich. 1t is compared, perhaps upon the authority of Meek,
with the fauna from Mystic Lake, which is of Mississippian age. On the other
hand, the general make-up rather suggests the Devonian fauna of the Ouray lime-
stone. The Rhynchonella, ‘“which has a decidedly Devonian aspect,” I suspect to
be Camarotechia endlichi. It is now known that both Devonian and Carboniferous
faunas are found in the Ouray limestone, and it may be that the material collected

“in this case was a mixture from both horizons. At all events, in the limestone in
the Elk Mountains 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 ¢ 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. 8. Geog. Geol. Surv. W. 100th Mer., Rept., vol. 3, 1875, pp. 303-501.
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of calcareous matter. At the head of Taylor River the following section, descending,
was obtained:
Feet.
1. Sandstone, very dark, somewhat vesicular in portions; contains much calespar and some iron
ore. Itisnot at all certain that this is Silurian. In many respects it is more nearly allied

to the CarboniferouaiabOVE L b il . oo i Ut o s eteo it B Bl B b S S el o oo s 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 ... ... ...... | 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 - ... .. .. oo .o ....... 75
5. Sandstone, slightly altered, grayish yellow, fine grained, micaceous, shaly, with thin films of
quartz alongicleavaga:plapes ol noon L St s LT sk i e N S s R S e 45

6. Sandstone, on top completely altered, and for 20 feet has fracture 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 a con-
glomerate quartzite, the pebbles being usually as large as a pea. This stratum rests upon
COATEE FERANATATS M A bt & e A E Iy B s 2 e Sl i g AR L =70

‘““At the head of 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 described in the section
above. At the head of the canyon No. 5 is greatly increased in thickness, and is of
Venetian-red or burnt-umber color, and has the same character where exposed along
the headwaters of Tumichi Creek. Along the old miners’ trail from Taylor to East
River this section 1is occasionally seen, and differs from 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 of this area the Silurian has always been thin. On the lower
portion of Tumichi Creek and at two localities west from the Indian agency isolated
exposures 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 of
not more than 70 or 80 feet.”

The thickness of this series, which aggregates only 248 feet, 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 this can not be ascertained from his deseriptions. On the
other hand, the lithologic sequence when closely compared with the section of 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
lithologically quite like the basal member of the Sawatch quartzite. No. 5, which
at the head of the canyon is reported as having a Venetian-red color, resembles the
upper member of the Sawatch quartzite. No. 4 is similar to the basal portion of 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 on 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 Sawatch quartzite.® 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 Sawatch 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 Mountains, one
near the head of Rock Creek (page 363), which 1 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 Weber formation as described in the Anthracite-
Crested Butte folio. With 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 interval 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 sandstones, thin limestones, and
some shale. The thickness, aside from beds 16-25, which are Cretaceous (page 365),
amounts to 1,475 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.

aln this area the Maroon formation sometimes rests upon the Archean and occupies the position of the Sawatch
quartzite. It is possible that an occurrence of this sort may have introduced a complication into this discussion.
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