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ADVERTISEMENT.
[Bulletin No. 77.]

The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

‘*Thepublications of tk.e Geological Survey shall consist of the annual report of operations, geoloéical
and economic maps illusirating the resources and classification of the lands, and reports upon general
and economic geology and paleontology. ‘The annual report of operations ot the Geological Survey
shal) accompany the annunal report of the Secretary of the Interior. All special memoirs and reports
of said Survey shall beissued in uniform quarto series if deemed necessary by the Director, but other-
wise in ordinary octaves. Three thousand copies of each shall be published for acientitic exchanges
and for sale at the price of publication; and all literary and cartographic materials received in exchange
shall be the property of the United States and form a part of the library of the organization: And the
money resulting from ths sale of such publications shall be covered into the Treasury of the United
States.”

On July 7, 1882, the fol.owing joint resolution, referring to all Government publications, was passed
by Congress:

‘That whenever any document or report shall be ordered printed by Congress, there sha,ll be printed,
in addition to the number in each case stated, the ‘usual number’ (1,900) of copies for binding and
distribution among those entitled to receive them.”

Except in those cases in which an extra number of any publication has been supplied to the Survey
oy special resolution of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous clistribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 880, 8°. 78 pp.
1 map.—A preliminary report describing plan of organization and publications.

IO0. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
80, lv,588 pp. 62pl. 1map.

III. Third Annual Report of the United States (zeologlcal Survey, 1881-'82, by J. W. Powell. 1883,
g0, xviii, 564 pp. 67 pl. and maps.

1V. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884,
8°. xxxii, 473 pp. 85 pl. and maps.

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885,
89, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80, xxix, 570 pp. 65 pl. and maps.

VIL Seventh Annual Report of the United States Geological Survey, 1885-'86, by J. W. Powell. 1888,
8°. xx,656 pp. 71 pl. and maps.

VIII. Eighth Annual Roport of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
80, 2v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1. 475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889,
80, xiii, 717 pp. 88 pl. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890.
80, 2v. xv,74pp. 98l and maps; viii, 123 pp.

The Eleventh Annual Report is in press.

MONOGRAPHS.

1. Lake Bonneville, by Grove Karl Gilbert. 183%0. 4°. xx, 438 pp. 651 pl. 1 map. Price $1.50.
II. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt. U. S, A.
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00.
TIL Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882,
40, xv,422 pp. 7 pl. andatlas of 21 sheets folio. Price $11.00.
LV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.
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V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151. 29 pl. and maps. Price $1.85.

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4°. xi, 144pp. 541. 54 pl. Price $1.05.

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Cartis. 1884. 4°. xiii, 200 pp. 16
pl. Price $1.20.

VIIL Paleontology of the Eureka District, by Charles Doolittle Waloott. 1884, 4°, xiii, 208 pp.
241, 24pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfleld. 1885. 4°. xx,338pp. 35pl. 1map. Price $1.15,

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 40, xviii, 243 pp. 661. 56 pl. Price $2.70.

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°, xiv,288 pp. 46 pl. and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40,

XTIII Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.
1888. €40, xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

XIV. Fosgil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-
ley, by John S. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00.

XYV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 377
pp- 180 pl. Text and plates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889, 4°. 840pp. 53 pl.
Price $1.00.
In preparation :

— Gasteropoda of the New Jersey Cretaceous and Eocene Marls, by R. P. Whitfield.

— The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving and
C. R. Van Hise.

— Mollusca and Crustacea of theMiocene Formations of New Jersey, by R. P. Whitfield.

— Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux.
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BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitio Rocks, by Whitman Cross, with a
Geological Sketch of Butfalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42pp. 2pl. Price 10 cents

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., com
puted by Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents.

8. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30/, from Tompkins County,
N.Y., to Bradford County, Pa., by Henry 5. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoio Fossils, by Charles A. White. 1884, 8. 36 pp. 9 pl. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 89, 325 pp.
Price 20 cents.

6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents.

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
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chief chemist. T. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 8°. 74pp. 10 pl. Price 5 cents.

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms, by
R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884, 8°. 66 pp. 6pl. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan by Edward S. Dana. 1884. 8°
84 pp. 3pl. Price 5 conta.
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
D1visioON oF MES0Z0OIC INVERTEBRATES,
Washington, D. C., November 21, 1890.

SIR: I herewith transmit manuscript and drawings for a bulletin of
the Survey. A noteworthy feature of this brief memoir is the an-
nouncement of the commingling in one and the same stratum of fossil
forms such as usually have been regarded as characteristic of Meso-
zoic strata with those which have been regarded as equally character-
istic of Paleozoic strata. -

The facts herein recorded indicate that extreme caution ought to be
used in assigning certain formations to a predetermined geological hori-
zon, especially those which lie upon the confines of recognized systems.
They also suggest that some revision of former conclusions as to the
true geological age of certain North American formations may be neces-
sary.

Very respectfully,
0. A, WHITE,
: Geologist in charge.

Hon. J. W, PowzLL,

Director,



SYNOPSIS OF RESULTS.

In this bulletin is presented a summary of the various kinds of evi-
dence that properly may be accepted as indicating the Permian age of
a certain series of strata in western Texas, which have been by some
geologists referred to the Trias, and by others to the Permian.

It also contains an announcement of the discovery in those strata of
certain types of invertebrate fossils which usually are regarded as in-
dicative of their Mesozoic age, commingled with a considerable num-
ber of Carboniferous types. A large proportion of the latter forms are
well known Coal-Measure species.

All these species are illustrated on accompanying plates, and some
of them are described as new, This discovery is the first of the kind
that has been published concerning North American strata, but it is
similar in character to those made by Waagen in India, Gemmellaro in
Sicily, and Karpinsky in Russia.

The paleontological balance which is indicated by this commingling
of earlier and later types in the Texan strata is treated as an item of
evidence in favor of their Permian age.

The closing portion of the bulletin is devoted to a general discussion
of the subject of the existence of the Permian in North America.
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THE TEXAN PERMIAN AND ITS MESOZOIC TYPES OF
FOSSILS.

BY CHARLES A. WHITE.

INTRODUCTION.

In the autumn of 1887, Mr., W. F. Cummins, Assistant State Geolo-
gist of Texas, placed in my hands a small suite of fossil shells which he
had collected in Baylor and Archer Counties, in northern Texas, from
the strata which fiarnished the large Permian vertebrate fauna that has
been published by Prof. E. D. Cope.! A part of these shells I recog-
nized as belonging to well known Coal-Measure? species; but among
them were some unpublished forms which belong to types that strongly
suggest their Mesozoic age. Mr. Cummins nevertheless assured me
that they all came from the strata just mentioned, and that all the
Mesozoic forms were found commingled in one and the same stratum
with the greater part of the Coal-Measure species referred to. Although
I had no reason to doubt either Mr. Cummins’s statement or the accu-
racy of his observation, I was gratified upon beginning their study to
find among the fossils themselves satistfactory evidence that they were
really commingled in one and the same stratum. That is, upon exam-
ining the specimens under a lens I found the stony matrix of all of
them to be of the same character, and I also discovered in the material
adhering to them and filling their cavities numerous shells of a small
ostracoid crustacean, which in this bulletin is referred to the Cythere
nebrascensis of Geinitz, and which evidently formed a part of the same
fauna as the mollusca with whose shells they were found associated.

The world has become familiar with Prof. W. Waagen’s great dis-
covery in the strata of the Salt Range in India of numerous molluscan
forms of Mesozoic type commingled with a characteristic Carboniferous
fauna;® and about two years ago Prof. G. G. Gemmellaro published

1See Systematic Catalo zue of the Permian Vertebrate Fauna of North America. Trans. Am. Philos.
Soo. 1888, vol. 16, pp. 285-£88.

2The term Coal Measures is now often applied to the Mesozoio coal-bearing strata of western North
America, but it is the mildle division of the Carboniferous system that is here referred to.

$8ee Mem. Geol. Surv., India; Paleont. Indica, ser. XIII, Salt Range Fossils. 0
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results of a similar discovery in Sicily, which evidently rivals that of
India.!

The small collection of fossils which was obtained by Mr. Cummins
seemed to indicate that we have in the upper part of the Carboniferous
system in North America a commingling of Mesozoic and Paleozoic
forms similar to that which has been discovered in India and in Sicily.
The importance of such a discovery on this continent was so obvious
that I decided to visit the locality from which the fossils were obtained
and to make observations in person before publishing the discovery.
Therefore, in the autumn of 1888, in company with Mr., Cummins, I ex-
amined a considerable part of the region in which the formation occurs
and made important additions to the fossil collections which were be-
fore obtained. The principal résults of that examination, together
with other relevant matter, are recorded in this bulletin.?

The formation from which these Texan fossils were collected is the
one which, upon the geological map compiled from previously pub-
lished works by Mr. W. J. McGee,* as well as the one by Prof. C. H.
Hitehecoek,* is represented as Triassic; but, so far as I am aware, it has
never been claimed by those who have so referred it that any Triassic
fossils have been found in it. It is also the same formation that has
for a number of years been referred to the Permian by Prof. Cope, who
claims that its vertebrate "fauna fully warrants such a reference.
Although composed of ordinary sedimentary strata it is a copper-bear-
ing formation, certain layers of it having long been known to contain
considerable quantities ot eopper ore in the form of nodules and small
- xyloid masses. The former are composed of chalcocite, coated with a
film of malachite, and the latter of melaconite, combined with which is
some chloride of copper.®

A large part of the vertebrate fossils which Prof. Cope has published

1See Giornale di Sci. Nat. ed Econom., vol. 19, 1888. La Fauna dei Calcari con Fusulina della Valle
. del Fiume Sosio nella Provincia di Palermo: per Gaetano Giorgio Gemmellaro; pp. 2-106, Tav. A
and I-X. After the manuscript of this bulletin had gone to the printer I received two important pub-
lications of a character similar to that of those which have just been referred to, The first is by Mr.
A. Karpinsky, concerning certain Carboniferous strata in Russia. See Ueber die Ammoneen der
Artinskstufe, etc., Mém. 1'Acad. Imp. Sci. de St. Pétersbourg, VII° serie, tome 37, No. 2. The other
is the second publication of Prof. G. G. Gemmellaro concerning the fauna of,the Fusulina limestone
of Sicily. See I Crostacei dei calcari con Fusulina della valle del fiume Sosio, vol. 8, series 3, No. 1,
Mem. Soc. 1taliana delle Scienze.

2So0n after this Texan discovery was made I published an article concerning it, with descriptions of
gome of its fossils, in the American Naturalist, vol. 23, pp. 109-128. Professor Gemmellaro’s work
had not then reached me, which accounts for the fact that it was not noticed in that article.

3See Fifth Annual Report Director U. S. Geological Survey.

4See Geol. Map U. S. and part of Canada ; compiled by C. H. Hitchcock for the Amer. Inst. Mining
Engineers, 1886.

5 These qualitative determinations were made by Mr. W, S. Yeates, of the U. S. National Museum.
The ores are found in Archer, and several other contignous counties of Texas, and occur in friable
sandy and clayey layers among strata which, unlike the Kupferschiefer of Germuny, contain very
little carbonaceous matter. They are not found in either true or gash veins, but the small masses of
nearly pure ore are sporadically distributed in the soft, unaltered sedimentary layers of that part of
the Texan Permian which is represented by No. 4 of the descriptive section, on page 15. Some years
ago two companies were formed to mine these ores, but both of them soon suspended operations be-
cauge they were unprofitable.
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from this formation were collected by Mr. Cummins who, in making
those collections and in other ways, has gained much information as to
its character and extent in Texas and the Indian Territory. As my
own observaticns have extended over only a part of the area which the
formation is krnown to occupy in Texas, the following statements con-
cerning its boundaries and extent are based mainly upon information
derived from him.

In Texas this formation occupies an area many hundred square miles
in extent, which constitutes the western part of the southern extension
of the great central Paleozoic region of the continent, The southern
boundary of this area is not now definitely known, but it lies at least
as far south as the Concho River. Its eastern boundary may be ap-
proximately designated as extending from Red River to the Colorado
through Clay, Young, Shackelford, Callahan and Runnels Counties;
and its western border as extending from the Canadian River to the
Concho through Hemphill, Wheeler, Donley, Briscoe, Motley, Dickeuns,
Garza, Borden and Howard Counties. The formation is known to ex-
tend far within the 1ndian Territory, but in this bulletin special refer-
ence is made only to that portion of it which is found in Texas; and
the description which is herein given is mainly drawn from observa-
tions made in Baylor, Archer, and other contiguous.counties.

The strata 1n- question rest directly and conforinably upon another
series in which a characteristic fauna of the Coal-Measure period pre-
vails, but this Coal-Measure fauna is now not known to include any fos-
sils of Mesozoic types, if we except the Ammonites parkeri of Heilprin,
which he states was obtained from the Carboniferous rocks in Wise
County.!

Notwithstanding the Mesozoic character of a part of the molluscan
fauna of the upper strata the preponderance of evidence makes it nec-
cssary to regard it as belonging to the great Carboniferous system and
as constituting an upper member of it. For these aud other reasons
yet to be stated I think this Texan formation may properly receive
the designation of Permian which Prof. Cope has already applied
to it, but I shall briefly discuss in thefollowing paragraphs thepropriety
of using that name for at least the greater part of the North American
strata to which it has been applied.

The Texan Permian, while not contrasting strongly with the Coal-
Measure formation which underlies it, is readily distinguishable from
it by general aspect and lithological character; and yet the Permian
strata blend so gradually with those of the underlying Coal Measures
and with the overlying gypsum-bearing beds, which are presently to
be noticed, that it is difficult to designate a plane of demarkation in
either case. -

The Permian strata consist of materials which are somewhat difficult
to characterize, but in a general way they may be described as consist-

1See Proc. Acad. Nat. Sci. Philad. 1884, vol. 36, pp. 53-55,

~
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ing wainly of sandstones and sandy and clayey shales, which are some-

times calcareous, with here and there a few layers of impure limestone
besides one somewhat persistent limestone horizon which has been ob-
served in Baylor and Archer Counties. A common characteristic of
many of the layers is the presence of an abundance of small, hard,
rough concretions which usually become separated and accumulate
upon weathered surfaces as the imbedding clayey material is removed
by erosion, when they often present the appearance of a disintegrated
coarse conglomerate. The observer is impressed with the prevailing
reddish color of the whole formation, and during the rainy season the
waters of the streams which traverse it are reddened by the abundant
ferruginous clayey sediment which they receive as a product of erosion.
This circumstance has given origin to the names of Red and Colorado
Rivers, both of which traverse the Texan Permian.

The stratification is generally more or less regular, but in the district
here specially referred to the formation contains comparatively few
compact, evenly bedded strata. Because of this, and also because the
strata have in this district been only slightly disturbed since their
deposition, few striking features in the landscape occur. That is, the
district is comparatively a plain country, the surface of which, in the
general absence of forests, is diversified only by shallow valleys of
erosion and low hills of circuindenudation, with here-and there a hill
or bluff of like origin which reaches a height of one or two hundred feet
above the general level. From the top of these higher elevations ex-
tended landseape views may be obtained, which are of much advantage
in the study of geological structure in that region.

Because of the slight disturbance which the Permian strata have
suffered in the district referred to, and the general absence of bold
escarpments, it is difficult to arrive at an accurate measurement of the
thickness of the formation, but it is estimated at 1,000 feet. By dis-
tant view from the hills before mentioned, a general dip of the whole
formation toward the west is plainly discernible. It is from a succes-
sion of such observations of the dip, together with measurements of the
thickness of exposed strata and estimates of that of the unexposed,
that the foregoing estimate of the thickness of the formation has been
made.

A list of all the species of invertebrate fossils that have been dis-
covered in the Texan Permian is given on a following page. A full
list of the vertebrate species from the same formation has been pub-
lished by Prof. Cope,! but no determinations of its fossil plants have yet
been made known. Prof, Cope’s list comprises 10 species of fishes, 11
of batrachians, and 33 of reptiles; making 54 species in all.

The full thickness of the Coal-Measure series in Texas is not yet
kunown, its base not having been observed; but the portion that has
been examined reaches an estimated thickness of 1,800 feet. The strata

18ee Trans. Am. Philos. Soc. 1888, vol. 16, pp. 285-288.



WHITE. ] DESCRIPTION OF TEXAN PERMIAN. 13

are generally somewhat evenly bedded and consist of bluish and gray
limestones, gray and ferruginous sandstones, bluish and dark carbon-
aceous shales and clays; and several coal horizons are now known to
exist there.! These strata have furnished at numerous localities and
in greater or less abundance such characteristic Coal-Measure inverte-
brates as the following: Terebratula bovidens Morton, Spirifer cameratus
Morton, Athyris subtilita Hall, Producius cora ’Orb., P. nebrascensis
Owen, P. costatus Sowerby, P. semireticulatus Martin, Hemipronites
crassus Meek & Hayden, Myalina subquadrata Shumard, Allorisma sub-
cuneata M. & H., Nuculana bellistriata Stevens, Pleurotomaria tabulata
Conrad, Bellerophon carbonarius Cox, B. percarinatus Conrad, and Mac-
rocheilus ponderosus Swallow. Many other species have also been
found associated with those which have just been named, but the latter
are quite sufficient to characterize the strata containing them as be-
longing to the Coal-Measure series.

Along the western boundary of the Texan Permian, as it has been
characterized in preceding paragraphs, a series of strata, about 250
feet in maximum thickness, now generally known as the gypsum-bear-
ing beds and thought by some geologists to be of Triassic age, rests
conformably upon the Permian. In general aspect,in a prevailing
reddish color, and in general lithological character, except in the prev-
alence of gypsum in many of the layers, and the somewhat greater
prevalence of clayey material, these overlying beds resemble the Per-
mian strata upon which they rest. With only one known exception,
these gypsum-bearing beds have furnished no fossils. The exception
referred to is the discovery by Mr. Cummins in Hardeman County, in
an upper stratum of those beds, of a thin magnesian layer containing
numerous casts of a species of Pleurophorus. This being generally re-
garded as a characteristic ‘genus among Permian molluscan faunas,
and also being a prevailing form in the Permian strata beneath these
gypsum-bearing bedls, the question is suggested whether the latter
ought not to be regarded as constituting an upper part of the Texan
Permian. These beds have yet furnished no fossils which can with
propriety be referred to the Trias, and it is questionable whether any
Triassic strata exist in Texas.

It will be seen from the foregoing remarks that there is in the part of
northern Texas to which special reference has been made & great con-
formable series of strata which has a gentle general dip toward the
west, and which includes the strata that in this bulletin are referred to
the Permian. . It is overlain only by the débris resulting from its own
disintegration except along the eastern and western bordersof the re-
gion which it occupies, where Cretaceous formations lap upon it. This
overlapping conceals its base, but the estimated thickness of the whole
series, so far as it is exposed to view, is 3,060 feet. The lower 1,300
feet, together with an unknown thickness beneath, is referred to the
Coal Measures. The next overlying 1,000 feet of strata are referred to

1 Mr. Cammins informs me in & letter that he has distinguished no less than nine coal horizons.
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the Permian; and the upper 250 feet of the whole series, commonly
known as the gypsum-bearing beds, probably constitute the upper part
of the Permian.
B[ The Cretaceous strata referred to rest unconformably
‘,br) flf,! s d . . . .
~t MRS and with a contrary dip upon the earlier, eastern portion

of the whole series, while upon the later, western portion
of it they rest with apparent conformity, although their
real conformity may well be questioned because the Jura
seems to be entirely wanting there.

The relation of the parts of this great series to one an-
other and their relation to later formations is illustrated
by the accompanying section, Fig. 1. The dips are, of
course, exaggerated in the figure by the difference be-
tween its horizontal and vertical scales.

F1G. 1.—Horizontal section from the eastern part of Navarro County
to Swisher County, Texas,

L. Lignitic Beds....covriaeimcitiiriiiceeneiiianeinncacioecennennns Tertiary.
2. Ripley Formation. ... .cecenvimeaeiooaoiiiaeiiiainiaaaaannn. Cretaceous.
3. Austin Formation.......cceeeeomrecenecoraciranenecamcneananenn. Cretaceous.
4. Eagle Ford Formation «.uueeunmeeiiniaioetreaiearacnearanenen. Cretaceons.
A, Timber Creek FOrmation . .cceceveemcemcetianeaccaanuncaaenen- Cretaceous.
6. Comanche Series. .. ......cceceiciacaearennareerancrannesranans Cretaceous.
7. Trinity Formation! . ...coeemmeietiamianiae i ciiiacaaaann Cretaceous ?
8. C0al MOASUIOS -« e - euceenecraeaesaananacoesanaseoannnnesnecamcenns Paleozoic.
[ 353 0 1) 5 + W Paleozoic.
10. Gypsum-bearing Beds. ...ceeeeemuuecueacrnacieace iaanacaseniacenn Paleozoic ?

As already stated and illustrated by the accompany-
ing figure, the Cretaceous strata appear to rest conform-
ably upon the gypsum-bearing beds at the western end
of the section, and the latter beds lie quite conform-
ably with the Permian and Coal Measures beneath, all
baving a westward dip. On the contrary, in the dis-
trict embracing the eastern end of the section, all the
overlying formations from the Trinity to the Eocene,
inclusive, have an easterly dip and seem to lie uncon-
formably with the Coal Measures and Permian. For "~
want of positive evidence upon this point, however,
it is not certain that the Coal-Measure and Permian
strata do not finally dip toward the east beneath the
Cretaceous formations, forming there an anticlinal axis.

Having shown the stratigraphical relation of the
Texan Permian with other formations in the same re-
gion, the former only need be farther considered. The
following descriptive section of those strata is taken
from Mr. Cummins’s field notes, but it has been in large
part verified by my own personal observations. The
different members of the section, which are indicated

!The name Dinosaur Sands was formerly used for this formation. See Proc.
Acad, Nat. Sci. Phila., 1887, pp. 39-47.
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by consecutive numbers, are not distinctly definable from one another,
but the section is presented in this form for convenience in referring
to the respective horizons at which collections of fossils have been
made, .
Descriptive section of the Texan Permian.

1. Reddish and mottled sandy clays with layers of sandstone.

2. Variously colored clayey and sandy concretionary strata with a few’ irregular
layers of impure concretionary limestone, a stratum of grayish blue limestone being
usually observable near the middle of the member in Baylor and Archer Counties.

3. Sandstones, alternating with clayey and sandy concretionary layers, and with a

few fine-grained, siliceous layers.
4. Reddish and buff colored clayey and sandy shales with occasional layers of sand-

stone,
5. Sandstones and sandy shales with beds of reddish sandy clays, passing gradually
into the Coal Medsures beneath.

The vertebrate remains, which by their faunal characteristics Prof.
Cope confidently refers to the Permian, occur at numerous localities
and at many horizons from the base to the top of the section; but
invertebrate remains have hitherto been discovered only in strata
which are included in numbers 2 and 3 of that section. The lower-
most known horizon at which invertebrates occur is about 400 feet
above the base of the series, and the uppermost is about as much
below the top of the same; that is, the invertebrate fossils described
and figured in this bulletin come from the middle 200 feet in thickness
of the Permian series as it has just been defined. '

The localities at which these fossils were obtained, only three in
number, are in Baylor and Archer Counties, and as the greater part
of the district is still unsettled, they can be designated only in an indefi-
nite way. The first of these localities, which is in the northwestern cor-
ner of Archer County, will be designated as ¢ Camp Creek.” The second
one is in Baylor County, near the middle of its eastern boundary line,
and will be designated as ¢ Godwin Creek.” The third is in the north-
eastern part of Baylor County, near where the now unused military
road, coustructed by General Earl Van Dorn, crossed the Big Wichita
River. This locality is by the settlers of that region called the ¢ Old
Military Crossing,” but it will in this bulletin be designated as the
Military Crossing of the Big Wichita, or simply as the Military Cross-
ing. The strata of the two first mentioned localities occur in No. 3 of
the foregoing descriptive section of the Permian, and those of the last
named one in No, 2 of the same.

The following is a list of all the invertebrate species which are now
known to have been found in the Texan Permian, all of which are dis-
‘cussed on succeeding pages and illustrated on the accompanying plates.
The list is presented in tabular form for the purpose of giving a synop-
tical view of the invertebrate fauna so far as it is at present known, and
also to indicate the localities at which the respective species have been
discovered, as well as their interassociation there.
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As to the latter con&ition, it is proper to state that specimens of all
the species found at the locality which is indicated at the head of the
following list as the ¢ military crossing” were collected by myself from
a single stratum, where they were so commingled as to leave no room
for doubt that they were all members of one and the same fauna, nor
any that they all lived contemporaneously. Specimens of the greater
part of the other species were also collected by me at the localities in-
dicated. When not collected by myself the fact will be mentioned in
connection with remarks upon the respective species.

List of invertcbrate species from the Texan Permian,

Camp | Godwin | Military
Creek. Creek. [Crossing.

. Goniatites baylorensis n. 8...-...cuun R P, cececfencnnnanen
Waagenoceras cummingi White ....c.ceeeeeafoneeaiii ]ioannaas.
. Medlicottia copei W . .ceoetimmmi e e eee e .ee
Popanoceras walcotti W . .ooceiioiiaiiiieeiiiifieeriac]ianeneaaes
Orthoceras rushensis McChesney ¢ coeeeevaceeeofioenriees]iennaaan..
. Nautilus winslowi Meek & Worthen.. ...ceeaeofiiceiiifienaaaaas
. occidentalis SWalloW.eoueeineaciconiameeaeniiiiiaii|vane cacane

XXXXXXXX

S R N

=2 2

. (Endolobus) .
12. Naticopsis remex W..e. oceces iiiiriiaentiannns . X

13. N. shumardi McChesney?¥ ........ . X

14. Luompha,lus subquadratus M. & W . Y
16. Murchlsoma.
17. Patella
18. Bellerophon crassus M. & W .. . .ccivieneianens]ancncaann.
19. IB?o montfq"rtianus Norwood & Pratten .........|ccceeaea..

21. Sedgwickia topekaensis Shumard 8p..aceeceeeec|oanaennn.. x
22. Pleurophorus X
23. Clidophorus occidentalis Geinitz........... P X
24, Yoldia ? subscitula Meek & Hayden......e. ceeofiacaceann. X
25. Myalina permiana Swallow................ ... X X X
X
X
X

ceeesvcseccrrcancctcnnnccnec|rasmccanas)l 00X Jiececccnwa
..........

26. M. aviculoides M. & H...... temmenn vanen [P R
27. M, perattenuata M & H.... .... Ceemesccensenns X

238, Gervillia longa Geinitz .cocveeeeetveicnennervae]oanaaana.
29. Aviculopecten occidentalis Shumard...c.ceeeeeofoeeer oo fivaaanaas X
30. Syringopors ————¥.ceeieeon it X | X |eeeeene..
31, Spirorbig ———"%..ceueoo... .

32. Cythere nebrascensis Geinitz ...

SUMMARY.

Cephalopodd.ccceeseecsiacnicaccaeeeeccccncaccancanans 11
Mollusea.. cveeee . { Gasteropoda........
Conchifera...

Articulata........
Radiata.. .cccereae. Polypiceceeeveccneconnceccacenanans ¢ cectassncccssacacces

By reference to the foregoing list of species, and especially to the
summary at the end of the list, it will be seen that the invertebrate
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collections wh'ch have hitherto been made from the Texan Permian do
not represent a fauna in its usual proportions, either as regards the
classes and families to which the species of the list respectively belong,
or as regards the classes and families which are usually expected to be
represented in a Permian fauna. This is especially true when we com-
pare these collections with Permian faunas already known in other
regions. For example, it will be seen that the Cephalopoda are in un-
usually large proportion, that the Brachiopoda and Polyzoa are abseut,
and that the Polypi are represented by only a single species. In short,
it is plain that the invertebrate fauna which existed during the period
in which the Texan Permian was deposited, and in the same or in con-
tiguous waters, is imperfectly and disproportionately represented by
these collectiors.

Some of the causes of the impertection and disproportion referred to
are too plainly apparent to need comment, and others are suggested hy
the lithological and stratigraphical character of the formation in which
the remains are found. Besides the inevitable causes of imperfect rejp-
res: ntation of extinet faunas by their remains, a conspicuous reason for
the imperfection of these collections is that the formation has yet been
carefully examnined in only a small part of the large region which it is
known to occupy, and exhaustive search for invertebrate fossils has yet
been made at only a few of the localities which have been visited by
competent collectors.

Again, there are few strata entering into the composition of the
Texan Permian, where it has been examined, the character of which
indicates that they successively formed the bottom of waters where a
large proportion of then existing invertebrates could have found a con-
genial habitat. That is,sandy and other siliceous strata, as has already
been shown, prevail in this formation, while calcareous strata are com-
paratively rare. It is true that certain families, especially of the mol-
lusea, find a siliceous, sandy bottom, such as most of those strata doubs-
less formed, more congenial than a muddy or a calcareous one; but to
far the greater part of such invertebrate faunas the latter kind of bot-
tom, other conditions being favorable, is much the more congenial. In
short, the lithological character of a formation often presents an obvious
reason, not only for the comparative paucity of all invertebrate fossils
in its strata, but even for the absence of representatives of certain fam-
ilies which we have every reason to suppose existed contemporancously
in other, not far distant, places and in more congenial waters.

But these col.ections, imperfect as they are, present subjects for con-
sideration which are of far greater interest than that which attaches
to a mere addition to our knowledge of a few of the forms which con-
stituted the fauua of any given epoch or period, such, for example, as
the relation which the fauna of one period in a given region bore to
faunas which were presumably contemporaneous with it, and to those
of the periods which immediately preceded and followed it, and the

Bull. 77——2
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indication which these fossils give as to the geological age of the strata
containing them.

For the purpose of presenting the latter subject as conspicuously as
possible all the invertebrate forms which have hitherto been discovered
in the Texan Permian, whether new or already published, will be dis-
cussed on the immediately following pages and figured on the accom-
panying plates.



DESCRIPTION OF SPECIES.

MOLLUSCA.
CEPHALOPODA.,
Genus GONIATITES de Hahn.
GONIATITES BAYLORENSIS Sp. Nov,
Pl. I, Figs. 1-3.

Shell apparently reaching a moderately large size; its transverse
diameter less than that of the plane of its coil; volutions moderately
embracing ; the peripheral and lateral portions regularly rounded from
the border of one umbilicus to that of the other; umbilici deep and
somewhat narrow, but showing a portion of each of the inner volutions,
their borders abruptly rounded inward from the sides; the transverse
diameter of the volutions nearly three times as great as the dorso-ven-
tral diameter, a transverse section of them showing a lunate outline.
Living chanber and aperture nnknown. Septa moderately distant from
one another; dorsal lobe longer than wide, deeply divided into two
narrow, lanceolate, slightly diverging branches; dorsal and superior
lateral saddles linguniform and nearly equal in size; the two saddles
separated by the superior lateral lobe, which is simple, slightly con-
stricted at the middle, and acutely pointed; the inferior lateral lobe
similar in shape to the superior, but a little shorter, and less distinetly
constricted ; inferior lateral saddle a little shorter than the others,
somewhat irregular in shape, and occupying the margin of the umbil.
icus. Surface apparently unornamented.

The only specimen in the collection, when perfect, probably reached
a diameter of coil of about 55 milliidetres.

This species bears considerable resemblance to the @. globulosus of
Meck & Worthen, but the septa of the Texan form have each one more
lobe and saddle between the periphery and the margin of the umbilicus
than have those of the other form.

Locality : Military Orossing of the Big Wichita, Baylor County,
Toxas, .

19



20 TEXAN PERMIAN AND ITS MESOZOIC TYPES OF FOSSILS. [BuLL77.

Genus WAAGENOCERAS Gemmellaro.
WAAGENOUERAS CUMMINSI White.
Pl I, Figs. 4-8.

Ptychites cumminsi White, Am. Naturalist, 1889, vol, 23, p. 117, P1. 1, Figs. 4-8.
Compare with Waagenoceras stachei, Gemm. Gior. Sci. Nat. ed. Ecoun., vol. 19, 1888,

p. 11, PL 1, Figs. 4-6, and PL 11, Figs. 3-4.

Shell compressed subglobose, transversely rounded on the periphery,
and more broadly rounded on the sides; transverse constrictions appear-
ing at irregular intervals upon casts of the interior of the shell; volu-
tions so deeply embracing as to form small, narrow umbilici, the borders
of which are narrowly rounded inward from the sides, and which show
a small portion of each of the inner volutions; transverse section of
the outer volution deeply crescentic. Surface apparently plain, but
upon the border of the umbilicus in a couple of specimens fine revolv-
ing lines appear. Septa numerous and complex. The siphonal lobe
large, deeply divided into two strongly digitate branches. The first
lateral lobe is a little larger than a single branch of the siphonal lobe,
butitis similarly digitate. The second and third latéral lobes are visible
before the sutuve reaches the umbilicus, toward which the three lobes
gradnally decrease in size and complexity, Living chamber and aper-
ture unknown.

The largest example in the collection indicates that it reached a
diameter in the plane of the coil not less than 50 millimetres, but the
living chamber is not shown in any of them. The figures on Pl. I of
this bulletin are all of natural size. Those given in the American
Naturalist are (loc. cit.) a little less.

Specimens representing about 40 individuals were found at the Mili-
tary Crossing locality, all of which are imperfect, but the species has
not yet been elsewhere discovered. The greater part of these specimens
were collected by myself, and they were found in such association with
the other species there as to leave no doubt that they were all members
of one and the same fauna.

When I published this species in the American Naturalist (loc. cit.)
I referred it to Ptychites Mojsisovics, Prof. Gemmellaro’s work (op. cit.)
not having then reached me. Upon comparing it with his description
and figures it was plain that the Texan and Sicilian forms are con-
generic. Itis also plain that Waagenoceras cumminsi and W, stachei are
closely related species, ' :
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Genus MEDLICOTTIA Waagen.

MEDLICOTTIA COPEI White.
Plate I, Iligs. 1-3. .

Medlicottia copei White, Am. Naturalist, 1889, vol. 23, p. 117, P1. 1, Figs, 1-3.

Shell thinly discoid, the sides gently convex ; periphery narrow, hav-
ing a moderately deep median groove; volntions so deeply embracing
that only a small part of each of the inner ones is seen in the very
narrow uinbilici. Siphonal lobe long and slender, occupying the
bottom of the peripheral groove, each side bearing four or five small
indentations. External saddle very long and irregular in shape, in part -
occupying the ridge which borders each side of the peripheral groove,
and in part overlain by the corresponding part of the next preceding
external saddle. Tive or six small denticles of nearly equal size are
observable upon the side of the saddle within the peripheral groove,
and seven or eight denticles of unequal length are seen upon the outer
side. The other saddles are plain, linguiform or sublanceolate. The
external lobe is stronger than any of the others, having two bifid
branches, one directed backward in the curved line of the shell coil, and
the other extending toward the periphery into the external saddle. The
other lobes gradually diminish in size toward the umbilicus, most of
which are bifid at the extremity; but the latter character does not
appear upon small lobes of the inner portion of the volutions.

The largest example in the collection indicates a diameter of 60
millimetres; but as no trace of the living chamber is present, its full
size is not known. 'The figures on Pl. I of this bulletin are of natural
size. Those in the American Naturalist (loc. cit.) are a little less.

Three or four imperfect examples of this species were found at the
Military Crossing locality, and one other near San Angelo, Tom Greene
County, Texas. The latter locality is fully 150 miles from the former,
which shows that the species had a considerable geographical distri-
bution. This appears to be the only species of Medlicottia that has yet
been found in North America, if we except an unpublished form from
the Meekoceras beds of Idaho, which will doubtless fall either into this
genus or Sageceras.

Genus POPANOCERAS Hyatt.

POPANOCERAS WALCOTTI White.
. PL I, Figs. 9-11.

DPopanoceras walcoiti White, Am. Naturalist, 1889, vol. 23, p. 117, PL. 1, Tigs. 9-11.
Compare with Popanoceras multistriatum Gemmellaro; Gior. Sci. Nat. ed. Econ. 1888,
vol. X1x, p. 19, Pl 111, Figs. 1-5.

Shell discoid, periphery rounded ; sides gently convex, the inner vo-
~ lutions almost wholly embraced by the next preceding one, and the
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umbilici are consequently minute. Surface marked with numerous
slightly raised and slightly sinuous radiating ridges, apparently indi-
cating stages of growth, which extend continuously from one umbilicus
to the other across the periphery. Septa, showing numerous short
lobes and saddles, the former being simple and regularly rounded at
the end, and the latter more or less notched or pointed at the extremity.
Those near the periphery have sometimes three digitations, and those
near the umbilicus are simple and more or less pointed. In full-grown
examples the saddles are probably still more digitate.

Only one example of this species is known, which was found at the
Military Crossing locality. The diameter of its eoil is about 26 milli-
metres, all being occupied by the septa. The living chamber and
aperture are therefore unknown. The figures given on Pl I of this
bulletin are of natural size; those given in the American Naturalist
(loc. cit.) are a little less.

The close specific relationship of Waagenoceras cumminsi with W,
stachet has been mentioned, and by comparing Popanoceras walcotti
with P. multistriatum it will be seen that these two species are also
closely related in all their observable characteristics, both suggesting
a close relationship of the Texan and Sicilian faunas.

Genus ORTHOCERAS Breynius.
ORTHOCERAS RUSHENSIS McChesney?
Pl II, Figs. 14-16.

Orthoceras rushensis McChesney, 1859, New Paleozoic Fossils, p. 68.
Compare with Orthoceras sp. undet. Meek & Worthen, Geol. Survey Illinois, 1873,
vol. 5, PL. xxx, Fig. 5. .

The collection from the Military Crossing of the Big Wichita con-
tains numerous fragments of shells belonging to the genus Orthoceras,
which possibly represent more than one species, but much the greater
part of them evidently belong to one and the same. Shells of this
genus usually present too few salient characters for satisfactory specific
discrimination, and this is especially the case with the fragmentary
specimens of the collection now in hand. fl‘hep external shell is present
upon some of the specimens, but the surface shows none of the mark-
ings which characterize the Q. ¢ribrosum of Geinitz from Nebraska City.
I have therefore referred the Texan form to McChesney’s species, the
type specimens of which were obtained from the Coal Measures of In-
diana and Ilinois. '
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Genus NAUTILUS Breynius,
NAUTILUS (TEMNOCHEILUS) WINSLOWI Meek & Worthen.

P, 111, Figs. 1-5.
Nawtilus ( Temnocheilus) winslowi M, & W. Geol. Survey, Illinois, 1873, vol. 5, p. 60Y,
Pl xxxi1, Fig. 2. .
Compare with N. (1.} latus M. & W, ib,, p. 608, Pl. xx, Fig. 2.

A considerable number of impertect specimens and fragments of a
species of Nautilus occur among the fossils obtained at the Military
Crossing of the Big Wichita, which are referred to the N. winslowi of
Meek & Worthen. Although these specimens vary in certain respects
from the type specimens as figured and described by the anthors, they
vary quite as grearly among themselves. These as well as other speci-
mens indicate that the species is a very variable one, and its variabil-
ity is believed to be so great as to include the N. latus of the-same
authors. The variability is observable in the different degree of acute-
ness of the lateral revolving angles, the prominence and shape of the
nodes upon them, the difference of the convexity of the peripheral
side, etc. The Texan specimens are also all smaller than the type
specimens of N. latus and of N. winslowt respectively. Both the latter
are from the Coal Measures of Illinois.

NAUTILUS OCCIDENTALIS Swallow.

Pl II, Figs. 11, 12.

*Nautilus occidentalis Swallow, Trans. St. Lounis Acad. Sci., 1860, vol. 1, p. 196.
Naultilus biserialis Hall, Geology of Iowa, Supp., p. 92.

Some fragments, evidently belongiug to this species, occur among the
collections made at the Military Crossing of the Big Wichita. This
species was originally described as coming from Permian rocks in
Kansas, but it was afterward recognized asa common tossil in the Coal
Measures of Illinois and Iowa.

NAUTILUS ?

P1. IIT, Figs. 6-8.

Compare with N. eccentricus Meek & Hayden, Palaeont. Upper Missouri, Smithson.
Cont., 172 (1865), p. 55, Pl. 11, Figs. 14a, 14b.

Also with V. chesterensis Meek & Worthen, Geol. Survey Illinois, 1866, vol. 2, p. 306,
Pl. xx1v, Figs. 4a, 40.

Associated with all the foregoing species are many examples of a
small, plain Nautilus, which are too imperfect to be either satisfactorily
described or identified with any published species. They may be com-
pared with the two forms above cited, the first of which is from reputed
Permian strata in Kansas, and the other from the Chester limestone,
the uppermost member of the Lower Carboniferous group of Illinois.
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NAUTILUS ?

Pl. II, Figs. 7-10.

A couple of fragments of a plain subglobose Nautilus were found at
the Godwin Creelk locality, which are too imperfect for specific charac-
terization, but they evidently belong to a different species from any of
the foregoing, and it is also larger than the one last noticed.

?

NAUTILUS
Pl II, Tigs. 4-6.

A few fragments of a discoid Nautilus were found at the Military
Crossing'locality which [ am not able to refer to any published specics,
but which is similar in form and structure to N. gravesianus &’Orb.,
Pal. Francaise, Ter. Jur., 1850-°60, vol. 1, Atlas, Pl. XXXVIIL,

?

NAuTILUS (ENDOLOBUS)
Pl II, Fig. 13.

The collections made at the Military Crossing locality contain a
single fragment of a Nau tiloid species, which is too imperfect for char-
acterization further than to say that the septa show a small lobe, such
as formns the leading feature of Endolobus, Meek & Worthen,

GASTEROPODA.
s Genus NATICOPSIS McCoy.

NATICOPSIS REMEX White.

. P1. 111, Fig. 10.
Naticopsis remex White 12th Ann. Rept. for 1878, U. 8. Geol, Survey Terr., 1883,
Part 1, p. 139, Pl. xxx1v, Fig. 6. |

Some internal casts of this species were found at both the Military
Crossing and Godwin Creek localities. The type specimens of the
species were obtained from the junction of the Grand and Green Riv-
ers in Utah, from Carboniferous strata that are probably equivalent
to the Coal Measures. :

NATICOPSIS SHUMARDI McClesney.

Pl III, Fig. 11.
Naticopsis shumardi McChesney, 1868, Trans. Chicago Acad. Sci., vol. 1, p. 49, PI. 11,
Fig. 15.

Several specimens of Naticopsis were found at the Godwin Creek
locality which seem to answer McChesney’s description and figures of
N. shumardi too nearly to warrant their reference to any other species.
The type specimens of the species were obtained from Coal-Measure
strata at La Salle, Illinois.
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Genus EUOMPHALUS Sowerby.
FEUOMPHALUS SUBQUADRATUS Meek & Worthen.

Pl. 111, Fig. 9.
Fuomphalus subquadratns M. & W., 1873, Geol. Sarv, Illinois, vol. 5, p. 605, Pl. xX1X,
Figs. 12, 13.

Several specimens of this species were found at the Military Cross-
ing locality. The type specimens of the species were found in the Coal
Measures of Illinois.

EUuoMPHALUS ?

Associated with the foregoing species some fragments of a shell were
found which evidently belong to a species of Fuomphalus different from
the preceding ; but they are too imperfect to admit of specific charac-
terization,

Genus MURCHISONIA d’Archiac.

MURCHISONTA ?

Pl. ITI, Tigs. 12, 13.

Compare with Murchisonia tercbra White, 12th Aun. Rept. for 1878 U. S. Geol. Surv.
Terr., 1833, Part 1, p. 139, Pl. xxx1v, Fig. 4.

The collection frem the Military Crossing locality contains numerous
examples of a Murchisonia all of which are in a bad state of preserva.
tion, and most of which are in the condition of casts of the interior of
the shell. Enough of the shell substance, however, remains upon a
part of them to show the form and ornamentatiou, the latter being
quite variable. In the form of-the shell and its volutions these speci-
mens closely agree with I, terebra (loc. cit.), and some of the speci-
mens vary but little from it in ornamentation. Others, however, show
subordinate crenulated revolving ridges between the prominent pe-
ripheral ridge and the suture. The Texan shell is probably only a
variety of M. terebra, the type specimens of which were obtained from
Carboniferous strata in northern Arizona. :

°

Genus PATELLA Linnaeus.

PATELLA? 9 <

PL III, Fig. 14.

Compare with Patella levettet White, Geol. Indiana for 1881, p. 359, Pl. xxx1X, Figs.-
4, 5.
Compare with Lepfopsis levettet (White) Whitfield, Bull. Am. Mus. Nat. Hist., 1881~
1836, vol. 1, p. 68, PL. vir, Figs. 8-12,
A single example of a Pattelloid shell was found at the Godwin
Creek locality. In shape, size, and geuneral character, it resembles the
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shell from the Lower Carboniferous of Indiana which I described under
the name of Patella levettei ; but to which Prof. R. P. Whitfield afterward
gave the generic name of Leptopsis. The Texan specimen, however,
shows no indication of having had a coiled apex, and I therefore refer
it provisionally to the genus Patella.

Genus BELLEROPHON Montfort.
BELLEROPHON CRASSUS, Meek & Worthen.

Bellerophon crassus, M. & W., Geol. Survey Illinois, 1886, vol. 2, p. 385, Pl. xxxI,
Figs. 16a, 16b.

A couple of specimens of this species were found at the Military
Crossing locality. They are too imperfect to be satisfactorily figured,
but the specific characteristics are very well shown. The type speci-
mens of the species are from the Coal Measures of Illinois.

BELLEROPHON MONTFORTIANUS, Norwood & Pratten.

Pl. I1I, Tigs. 15, 16.
Bellerophon montfortianus, N. & P., Jour. Acad. Nat. Sci., Phila., 1855-1858, 2d ser.,
vol. 3, p. 74, PL. 1x, Fig. 5.

A single small example was found at the Godwin Creek locality,
which is referred to the Bellerophon montfortianus of Norwood & Prat-
ten with little or no hesitation. The type specimens were from the
Coal Measures of Illinois, and it is not uncommon in strata of that
age in adjacent States. 1t was also recognized by Prof. Geinitz among
the Nebraska fossils, which he referred to the Dyas (Permian).

BELLEROPHON 3

Many specimens of a moderately large Bellerophon were found among
the fossils collected at the Military Crossing locality, all of which being
in the condition of natural casts of the interior of the shell can not be
satisfactorily figured and described. They seem to represent a differ-
ent species from any of the others noticed in this bulletin.

CONCHIF]%RA.
Genus SEDGWICKIA MecCoy.
SEDGWICKIA TOPEKAENSIS Shumard sp.

P11V, Fig. 11.

Leptodomus topekaensis Shumard, Trans. St. Louis Acad. Sci., 1860, vol. 1, p. 208.
Sedgwickia topekaensis Meek & Hayden, Paleont. Upper Missouri (Smithsonian Cont.,
172), 1865, p. 40.

At the Godwin Creek locality Mr. Cummins found a natural cast of
the left valve of a shell which seems to be specifically identical with
the form above indicated. The type specimens of the species which
was used by both authors above cited were obtained from Coal-Meas-
ure strata in eastern Kansas.
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Genus PLEUROPHORUS King.

PLEUROPHORUS 2

Pl IV, Figs. 5-10.

Natural casts of shells of Pleurophorus occur abundantly at the
Godwin Creek locality. The extremes of difference in the form of these
examples is so great that one can hardly forbear referring them at least
to two species, but it is probable that the difference referred to is mainly
that of sex, and in part that of age. Figures showing the principle
varieties of form are given on Pl. IV. These specimens very likely
represent one or more published species, but because of their imper-
‘fection no specific identification is attempted.

Genus CLIDOPHORUS McCoy.
CLIDOPHORUS OCCIDENTALIS Geinitz.
Pl IV, Fig. 3.

Pleurophorus? occidentalis Meck & Hayden, Paleont. Upper Missouri (Smithsonian
Cont., 172), 1865, p. 35, PL 1, Fig. 2.
Clidophorus occidentalis Geinitz, Carbonformation u. Dyas in Nebraska, p. 23, PL 11,
Fig. 6. ’
Mr. Cumming obtained a single specimen at the Godwin Creek lo-
cality which seems to be identical with the form figured and described
by Prof. Geinitz (loc. cit.).

" Gtenus YOLDIA Méller.
YoLp1a ¢ sSUBSCITULA Meek & Hayden.
PL IV, Fig. 4.

Yoldia? subscitula Meok & lMayden, Paleont. Upper Missouri (Smithsonian Cont.,
172), 1865, p. 60, PL 11, Fig. 4.

Several specimens were obtained by Mr. Cummins at the Godwin
Creek locality which closely answer the description and figure given by
‘Meek & Hayden (loc. cit.). Their type specimen was obtained from
reputed Permian strata in northeastern Kansas. There seems to be
room for doubt whether this form ought not to be referred to the Nuc-
ula [ Nuculana) bellistriata of Stevens, which is a common Coal-Measure
species.
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Genus MYALINA de Koninck.
MYALINA PERMIANA Swallow sp.
Pl IV, Figs. 16-19.

Mytilus permianus Swallow, Trans. St. Louis Acad. Sci., 1860, vol. 1, p. 187,
Myalina permiena Meek & Hayden, Paleont. Upper Missouri (Smithsnian Cont.,
172), 1865, p. 52, Pl. 11, I'ig, 7.°

At the Camp Creek, Godwin Creek, and Military Crossing localities
numerous specimens of Myalina were obtained which show a great va-
riety of form, especially as regards marginal outline, but I think it not
improbable that they nevertheless belong to one and the same species.
Still the varieties that different authors have published under the re-
spective names of M. permiana, M. perattenuata, and M. aviculoides are
distinguishable among these Texan collections, and they will therefore
be grouped under those three names respectively.

The form M. permiana was found at all three of the localities above
named. The type specimens of both Swallow and Meek & Hayden were
obtained from reputed Permian strata in Kansas.

MYALINA AVICULOIDES Meek & Hayden.
Pl II, Fig.12.

Myalina aviculoides M. & H., Paleont. Upper Missouri (Smithsonian Cont., 172), 1865, "
p. 51, PL. 11, Fig. 8,

A few specimens were found at the Godwin Creek locality, which
have the outline and general features of the form to which Meek &
Hayden gave the specific name of aviculoides. Their type specimens
were obtained from the reputed Permian strata in Kansas.

MYALINA PERATTENUATA Meek & Hayden. '
Pl 1V, Figs. 13-15.

Myalina perattenuata M. & H., Paleont. Upper Missouri (Smithsonian Cont., 172),
1865, p. 32, PL 1, Fig. 12,

Specimens answering the original description of M. perattenuata were
found associated with M. permiana at all three of the localities named
in the foregoing notice of that form. Meek & Hayden’s type specimens
came from the Coal Measures of Missouri. It is not uncommon in the
Coal Measures elsewhere,
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Genus GERVILLIA Defrance.

GERVILLIA LONGA Geinitz.
PL IV, Fig. 2.

Gervillia longa Geinitz, Carbonformmation u. Dyas in Nebraska, p. 32, Pl 11, Fig. 15.
Compare with Avicula shawneensis Shumard, Trans. St. Louis Acad. Sci., 1860, vol. 1,
p. 211.

~ Two specimens of an. Aviculoid shell were obtained by Mr. Cummins
at the Godwin Creek locality which are identified with the Gervillia
longa of Geinitz, and they are perhaps identical with the Avicula shaw-
neensis of Shumard. JFrom an examination of the hinge of the Texan
specimens the hinge area, although well developed and much like that
of Gervillia, is found to bear no transverse cartilage pits, nor has the
hinge proper any longitudinal teeth such as characterize Gervillia. The
species is also known to occur in the Upper Coal Measures of different
parts of the Mississippi Valley.

Genus AVICULOPECTEN McCoy.
AVICULOPECTEN OCCIDENTALIS Shumard sp.

Pl. 1V, Fig. 1.
Pecten occidentalis, Shumard, First and Second Rept. Geol. Survey Missouri, 1865,
part 2, p. 207, PL ¢, Fig. 18.
Pecton eleavelandicus Swallow, Trans. St. Lonis Acad. Sei., vol. 1, p. 184. Compare

with 4. coreyanus White, U. S. Geog. and Geol. Surveys West of 100th Merid.,
vol. 4, Part 1, p. 147, Pl. 11 Yigs. 1a, 10.

A single example of the left valve of this well known species was
found at the Military Crossing locality. It is frequently found in
characteristic Coal-Measure strata, and it has also been published as
occurring in the reputed Permian strata of Kansas and Nebraska.

RADIATA.
POLYPI. ]
Genus SYRINGOPORA Goldfuss.
SYRINGOPORA ———1¢

A considerable number of specimens of a species of Syringopora were
found at both the Carap Oreek and Godwin Creek localities. They
resemble the 8. multattenuatus of McChesney, from the Coal Measures
of llliuois, but the tubes are usually swaller,
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ARTICULATA.
VERMES.

Genus SPIRORBIS Lamarck.
Pl III, Fig. 17.

Numerous specimens of Spirorbis were found attached to the surface
of the other fossils which were collected at the Military Crossing
locality. It is not thought necessary to give a specific diagnosis of
it, but it is figured for the purpose of presenting as complete an illus-
tration of the fauna as is practicable.

CRUSTACEA.
Genus CYTHERE Miiller.
CYTHERE NEBRASCENSIS Geinitz,
PL 1V, Fig. 20.

Cythere nebrascensis Geinitz, Carbonformation u.Dyas in Nebraska, p. 2, P1. 1, Fig. 2.

The fossiliferous stratum at the Military Crossing locality contains
multitudes of a small Cythere which I can not separate specifically from
the C. nebrascensis of Geinitz.

GENERAL DISCUSSION.

It will be seen from the foregoing descriptions and notes that of the
thirty-two species of invertebrates which are represented in the collec-
tions from the Texan Permian only four are recognized as new, all of
these being cephalopods, and all belonging to the family Ammonoidea.
The other species have been previously described and published, or
their specific identity with published forms is in doubt because of the
imperfection, either of the specimens in haud or of the manner of describ-
ing the species which they probably represent. TFifteen of the spe-
cies are satisfactorily recognized as baving been previously published.
A part of them have been by some authors referred to the Permian, but -
the Coal-Measure age of the remainder has never been questioned.
Some authors are of the opinion that not only all of the fifteen species
just mentioned, but all North American invertebrates which have ever*
been referred to the Permian are really members of the fauna which
characterizes the Coal-Measure period. Indeed, so generally has this
view prevailed during the last twenty years that it is probable if the
new cephalopods before mentioned were not present in the Texan col-
lections no American paleontologist who is familiar with the Coal-
Measure invertebrate fauna would hesitate to refer them all to that
period,
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So large a proportion of the invertebrate species which havebeen ob-
tained from the reputed Permian strata in North America occur also in
characteristic Coal-Measure strata that no satisfactory separation of
them into two groups has hitherto been practicable upon the evidence
of invertebrate fossils, and stratigraphical evidence also has hitherto
been unsatisfactory. The collections, however, which are represented
by the foregoing list and descriptions, although consisting mainly of
Coal-Measure forms, contain at least.two types which are so generally
regarded as indicating the Mesozoic age of the strata containing them
that if they alone and without any statement of correlated facts had
been submitted to any paleontologist he would not have been war-
ranted in referring them to an earlier period than the Trias if he had
followed the usnally accepted standard of reference. These two forms
have been described on preceding pages under the names of Waageno-
ceras cumminst and Popanoceras walcotti respectively. With the excep-
tion of Ammonites parkeri Heilprin,'! also from Texas, similar types
have not befors been found associated with recognized Carboniferous
species in Norih America.

This, however, is by no means the first nor the most important dis.
covery of Mesozoic and Paleozoic types so commingled as to indicate
that they all lived contemporaneously, and that they were all members
of one and the same fauna. The remarkable discovery by Prof. Waagen
in India (op. cit.) of many molluscan species belonging to Mesozoic
types and associated with a charaecteristic Carboniferous fauna is well
known. It is also known that Mesozoic characters are recogniza-
ble among some of the Carboniferous and Permian cephalopods of
Armenia, as well as of Russia and certain other parts of Europe; and
the later discovery in Sicily by Prof. Gemmellaro (op. cit.) is, next to
that by Prof. Waagen in India, the most important of its kind.2 These
discoveries will be presently further referred to, but I wish first to con-
sider briefly the bearing of the Texan discovery upon the question of
the existence of the Permian in North America.

The special interest which these Texan collections possess lies, first, in
the presence of the two cephalopods of Mesozoic types as members of
an invertebrate fauna composed otherwise of Paleozoic types; second,
in the association of these invertebrates with a vertebrate fauna com-
posed mainly of Permian types, as determined by Prof. Cope; third,in
the known superposition of the formation containing these faunas upon
characteristic Coal-Measure strata; and fourth, in the probable absence
of the Trias in the region where the Texan Permian occurs. The first
point of interest relates to the paleontological interdelimitation of the
Mesozoic and Paleozoic, and the second and third to the assumed Per-
mian age of the Texan formation from which the collections discussed
in this bulletin were made. The fourth point of interest relates to the
upper delimitation of the Texan Permian.

1Proc. Acad. Nat. Sci., Philad,, 1884, vol. 34, p. 53,
2 See first foot-note on p. 10,
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The paleontological interdelimitation of the Mesozozic and Paleozoic
agesin geological history has long been regarded as clearly recognizable
in all parts of the world. While it was well known that a considerable
number of generic forms, especially of the invertebrates, occur in strata
of both ages respectively, paleontologists have generally regarded it as
a fundamental fact that certain orders, families, and even genera, which
possess certain characteristics of structure and form, were rigidly con-
fined to each age respectively. That is, they believed that the types
which fall into the one category all ceased to exist at the close of the
Paleozoic age, and that no member of the other category began its
existence before the opening of the Mesozoic age. The presence of
remains belonging to either the one or the other of these categories was
therefore regarded as affording unquestionable proof of the geological
age of the strata containing them. Attempts were made to explain the
first discoveries of the commingling of earlier and later typesin one and
the same stratum, by assaming that the specimens showing earlier types
of structure were derived in an already fossil condition from preexisting
strata in the process of their destruction by which the materials for new
strata were produced.

However unphilosophical those views concerning the chronological
restriction of certain types may appear in the light of modern biology,
it is not to be denied that until within comparatively few years paleon-
tological observations in the field seemed, as a rule, to favor them, but
such discoveries as those which have been made in India, Sicily, Russia
and Texas show conclusively that animals belonging to both categories
wbhich have just been indicated lived contemporaneously. They show
that some of those forms which have been regarded as exclusively
Mesozoic in character began their existence while yet Paleozoic forms
were far in the ascendant, and also that many Paleozoic forms sur-
vived their earlier associates, and lived in association with Mesozoic
faunas. In the following general remarks upon the reputed North
American Permian reference will be made to the bearing which the
presence of Mesozoic types in the Texan Permian has upon the ques-
tion of its true geological age.

From time to time during the last 30 years there have been discus-
sions among geologists as to whether there is in North America any
true equivalent of the Permian formation of Europe. Some writers
have been uncompromising in their advocacy of the affirmative side of
this question, and others have been equally positive in asserting the
negative. Much of this difference of opinion has arisen from imperfect
knowledge of essential facts, and much from want of a clear definition
by the respective writers as to what they have regarded as constituting
equivalency in this case. Within the last few years much addition has
been made to our knowledge of facts bearing upon this question, and
it is evident that clearer views upon it are now generally held than
formerly prevailed, but it is too much to expect that the views of all
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geologists should even now fally agree. The following statement pre-
seuts the condition of this question, as the writer understands it. It
is given to enable the reader to understand more clearly his views,
and the reasons for the conclusions and opinions which are expressed
in this bulletin,

In Europe the Carboniferous system is understood to be divided into
three great groups, namely, the Lower Carboniferous, the Coal Meas-
ures, and the Permian, which are definable fromn one another, not only
by paleontological, but by stratigraphical, characteristics. In North
America the great Carboniferous system is quite as largely developed
as in Burope. The Lower Carbouniferous and Coal-Measure groups,
upon both stratigraphical and paleontological grounds are as clearly
recognizable and distinguishable from each other in some parts of this
continent as they are in Europe, but the Permian has hitherto had no
such undisputed recognition. Therefore, the question now to be con-
sidered is, whether the Permian of Riurope has really an equivalent any-
where in North America, and if 0, how that equivalency is recognizable.

In North America seven regious may be designated within which
strata occur that have heen, by different authors, referred to the Per-
mian, These are: (1) southwestern Pennsylvania and northern West
Virginia, (2) Prince Edward Island, (3) eastern Illinois, (4) northeast-
ern Kansas and southeastern Nebraska, (5) South Park, Colorado, (6)
isolated portions of New Mexico, Arizona, Utah, and western Colorado,
and (7) northern Texas, together with the adjacent part of Indian Ter-
ritory.

In all these cases thers seems to be no room for doubt that the strata
in question are not older than the Upper Coal Measures, as that forma-
tion is distinguishable in North America; but aside from their evidently
bigh position in the Carboniferous system their recognition as Permian
has been based upon different kinds of evidence, respectively. In the
first and second mentioned cases it was based wholly upon plant re-
mains; in the third upon vertebrate remains; in the fourth upon in-
vertebrate remains; in the fifth upon plants and insects,! and in the
sixth mainly upon stratigraphical position. The evidence in favor of
the recognition of the strata as constituting a separate formation in the
seventh case is presented in this article.

Two diverse ideas seem to have prevailed in the minds of those
who have considered the question of the recognition of the Permian
in North America. On the one hand the discovery on this continent
of remains belonging to generic or other types of vertebrate, inverte:
brate, or plant life, which are respectively similar to forms found in
the European Permian, has been regarded by some authors as surely
indicating in each separate case the Permian age of the strata contain-
ing them, even if they were without any knowledge of correlated facts,

1 These insects have, however, been referred to the Trias by S. H. Scudder, although they are asso-
ciated with, perhaps, the most charscteristic Permian flora $hat has heen discoyered on this continent.
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whether paleontological or stratigraphical, or they formed that opinion

without regard to them if known. On the other hand, it has been con-

tended that no definite recognition of the Permiaun, even in the firss-

mentioned cases, ought to be made until after due consideration of all

oblainable correlated paleontological and stratigraphical facts; and

not then unless the preponderance of all that ev1dence should plamly .
favor such recognition.

The untenableness of the position 1ndlcfmted in the case first stated
is shown by the facts mentioned in preceding paragraphs of the occur-
rence in one and the same stratum of forms which have been held to
be characteristic of separate geological periods, and even of separate
ages. It is conspicuously shown in the case of the Texan formation,
which is specially discussed in this bulletin, because both its Coal-
Measure age and its Triassic age can be even more readily proved, in
an ex parte way, by special selections from its fossils, than its Permian
age. And yet the sum of all the evidence is in favor of the latter.

The following paragraph from the work of Profs. William M. Fon-
taine and I. C. White! tersely states the principle which ought to govern
the investigator in these cases, although it was written only with refer-
ence to the Permian age of the flora which they were then investigating :

It is good evidence that we have to deal with a more recent formation when we
find it to show a decadence of old forms and an introduction of new ones destined to
reach their colmination at a later period. Thus if we find in a series of rocks plants
characteristic of the Carboniferous formation, and perceive that these die out and
disappear, we should not conclude from their mere presence that the age of the strata
is Carboniferous, but rather that it is Permian. So also the finding of genera and
species, even identical with those of the Trias or Jurassic would not necessarily imply
a Triassic or Jurassic age. If we find them to be exceedingly rare, their presence is
rather indicative of a formation older than the Trias or the Jurassic.

It is only by taking into consideration all the above-named characters, and other
points which may be presented by the entire body of specimens, that we can deter-
mine the nature of the evidence offered by the life of a formation. It will not suffice
to say arbitrarily that this or that feature is without value as evidence. Circum-
stances might reverse the normal relative weight of evidence from the several sources
and give preponderating weight to what would, if unatfected by them, have slight
value.

Besides the observance of the principle enunciated by those authors,
the investigator should remember the entire improbability that forms
representing any distinguishing faunal or floral type have ever been
simultaneously introduced in all parts of the world, and the now no
less evident fact that forms representing certain types in some parts of
the world long survived their extinction in other parts. He should
also bear in mind the now evident fact that the rate of progressive de-
velopment of vertebrate, invertebrate, and plant life respectively has
not been uniform in all parts of the world. It therefore ought not to

1Permian or Upper Carb. Flora of West Virginia and S. W, Pennsylvania. Second Geol. Survey
Pa., Rept. Prog. PP. 1880, pp. 109, 110,
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be expected that precisely the same association of types would be found
on this continent that is found in Europe and elsewhere.

The difference of opinion which has°prevailed concerning the exist-
ence of the Permian in North America has been shared even by those
who recognize the importance of considering all the facts which bear
upon each case of assumed equivalency of North American strata to
the Permian of Europe. Some have believed that it shonld be strictly
chronological as regards the whole of a given formation, while others
claim that the most we can reasonably assume in any case is approxi-
mate contemporaneity, and all that we can ever certainly know in such
cases is the homotaxial relation of formations with one another in dif-
ferent parts of the world, respectively. The scope of this bulletin,
however, will admit of only a partial discussion of those views.

If all the time which is represented by the entire Carboniferous sys-
tem in Europe is represented by the entire Carboniferous system of
North America, the Permian of Europe must necessarily have a com-
plete time equivalent somewhere on this continent. If that system is
everywhere incomplete at the upper limit on this continent, and the
same is complete in Europe, it necessarily follows that the stratigraph-
ical time equivalent of the European Permian is either absent or in-
complete in North America. But all the known facts which bear upon
this case are of such doubtful value in their application to the question
of strict chronologieal equivalency that it seems to be unprofitable to
discuss it. Therefore the only question that remains to be considered
in this connection is tha’ of homotaxy.

The question, even after being reduced to these limits is a complex
one, for it still involves the consideration of conflicting or disagreeing
paleontological evidence, as well as a recognition of upper and lower
delimiting boundaries of the formation. Besides this, formulary tax-
onomy has no real existence because geological systems are not sub-
divisible into the same, or even similar, units in widely separated parts
of the world. Still there can be no good reason for doubting that there
are in various parts of North America strata which are homotaxially
equivalent, at least in part, to the Permian of Europe. But it is equally
* true that much of the reputed North American Permian can not be
satisfactorily separated from the Coal Measures, and even those strata
which have been separated more or less satisfactorily are found to be
so intimately related to the Coal Measures as to make the lower limit
indetinable.?

Heretofore also it has been impracticable to say whether the upper
limit of the Carboniferous system in North America is complete or not.
For example, none of the reputed Triassic strata, which occur in various

%In view of the last mentioned condition several American and European writers have applied the
compromising term ‘‘ Permo-carboniferous’ to that undefinable upper portion of the Carboniferous
system, Unfortunately, however, somo American authors have of late applied that torm to the whole
Carboniferous series, seeming thereby to imply that the series includes an ingeparakie equivalent of
the Permian, as well as of the remainder of the Carboniferous system.
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parts of the continent, have been found in such relation to the reputed
Permian as to indicate that there was continuous sedimentation from
the one formation to the other; nor have those Triassic strata been
found to contain any conclusive paleontological evidence of their imme-
diate succession to the Permian. Indeed, as regards the remains of in-
vertebrate life, the existence of any Triassic strata in North America
rests upon comparatively slight evidenco; slighter, indeed, than it
might have seemed to be before the discovery of Triassic types asso-
ciated with well known Carboniferous forms.!

The conflicting character of a part of the evidence afforded by the
reputed North American Permian as to its age has already been shown,
but there is an important case of want of harmony of different portions
of certain accepted paleontological evidence that deserves mention.
In Prof. Cope’s Systematic Catalogue of the Permian vertebrate fauna
of North America,? he shows that these remains have been discovered
mainly in two limited districts, one in eastern Illinois and the other in
Texas. His catalogue also shows that of the seventy-six species enu-
merated not one is, and of the thirty-two genera only five are, common
to the two divisions. He also says that ¢ the Permian vertebrate fauna
of Illinois and Texas® exhibits close parallels, but not yet generic iden-
tity, on this continent.”

On the contrary, the marine invertebrates which characterize the
North American Coal Measures, a part of which usually range up into
the reputed Permian, are widely distributed on this continent, and
their geographical range includes both the Illinois and Texan verte-
brate localities. That is, the invertebrate fauna referred to is uniform
over a region in which the vertebrate fauna is diverse. In all the ver-
tical and geographical range of these invertebrate fossils there has
been observed no evidence of the decadence of old forms such as would
be taken to indicate an approaching close to the geological period¢
which they have especially characterized; and it is only in the case of
the Texan Permian that an introduction among them of new forms
has yet been observed which might be regarded as forerunners of a
new one. . '

Finally, while it is freely admitted that a considerable number of the

1 The Triassic character of a part of the Permian fauna of Texas has been sufficiently stated, bug it
is also true that certain Carboniferous types occur in the Meekoceras beds of southeastern Idaho.
Besides this those beds appear to have an intimate stratigraphical relation to the characteristic Car-
boniferous strata beneath them. Add to these facts the further one that types similar to those which
have been relied upon in reférring the Idaho beds to the Middle Trias also oceur in undisputed Car-
boniferous strata, and it seems possible that those reputed Triassic beds ought to be referred to the
Permian rather than to the Trias.

2 Trans. Am. Philos. Soc., 1888, vol. 16, pp. 285-288.

37. S. Geol. Survey Terr., 1884, vol. 3, p. 25.

41t has been pointed out by some authors that certain of the Brachiopods, and other species which
characterize the Coal Measures, have never been found in any of the reputed Permian strata, and it
seems to have been assumed that their absence was due to a final decadence of those forms before the
Pormian period was reached. It seoms, however, not at all unreasonable to infer that intervening
conditions differently affected certain of the clagses of animals then living, in consequence of which
they were differently dispersed, -
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invertebrate species which characterize the Permian of Europe have
closely related representatives on this continent, it should not be for-
gotten that the latter are as characteristic of our undisputed Coal Meas-
ures as they are of the reputed Permian. Even if those forms are really
specifically identical on the two continents it does not necessarily prove
the contemporaneity of the respective formations containing them.
In fact those formations must necessarily be of a difference in age equal
to the time required by the geographical distribution of the species.

The recognition of the Permian in Texas as a separate upper group of
strata belonging to the Carboniferous system is based upon both strati-
graphical and paleontological evidence, and this evidence is fuller than
that which has been adduced in favor of any other reputed Permian
strata of North America. First, it contains invertebrate species
which bave been referred to the Permian in other districts northward
from Texas, some of which are closely related to Permian species
of Europe. Second, it contains the large vertebrate fauna pub-
lished by Prof. Cope which he regards as characteristically Permian.
Third, the Texan formation evidently constitutes an upper, appar-
ently the uppermost, portion of the Carboniferous system. Tourth,
the lithological difference between this formation as a whole and the
Coal Measures beneath it, while not great, is sufticiently marked to
make it conveniently distinguishable by the eye. Besides this the
Mesozoic element which has been shown to exist among the inverte-
brates of the Toxan Permian may properly be regarded as holding an
opposite relation to the Paleozoic element, and thus to suggest a bal-
ance of paleontological evidence in favor of the Permian age of the for-
mation.!

The present sate of our knowledge, or of warranted opinion, as to the
existence of the Permian formation in North America may be summed
up briefly as follows : )

Although in the region traversed by the Mississippi River the two
earlier divisions of the Carboniferous system, namely, the Lower Car-
boniferous and the Coal Measures, are as clearly recognizable as they
are in Europe, in many parts of this continent where Carboniferous
strata are largely developed no separate recognition of either of those
divisions, or of the Permian, is practicable.

In those regions where the Coal Measures or their equivalent are
recognizable certain strata are sometimes found resting upon them
which have been referred to the Permian, but those strata are, as a
rule, not distinesly separable from the Coal Measures upon either strati-
graphical or paleontological grounds. That is, no distinet stratigraph-
ical plane of demarkation between the Coal Measures and the reputed
Permian is observable. Besides this, many of the common Coal-Meas-

11t is admitted that tho valuo of this suggestion is somewhat lessened by the known presence of the
Ammonites parkert of Heilptin in the underlying Texan Coal Measures, and by the presence of simi-
lar types beneath the Permian in certain parts of the Old World. Still, such forms as Waagenoceras
cuwmmingt may properly be regarded as immediate harbingers of the Mesozoic age.
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ure species range up into those Permian strata, and many acknowledged
Permian types, according to the European standard, occur in the un-
questioned Coal-Measure strata beneath them.

The upper limit of the Carboniferous system and the lower limit of
the Trias have never been ciearly recognized upon this continent, and
it is therefore not now known that either of these systems are here at
" any point complete in that respect. But the upper limit of the Car-
boniferous system is known to be incomplete at most places where
strata of that age occur.

A large part of the North American strata, which various authors
have referred to the Permian, have no valid claim to be either so con-
sidered or to be considered as separate from the Upper Coal Measures.
But a part of them may reasonably be assumed to be homotaxially
equivalent with at least a part of the European Permian, although their
delimitation from the Coal Measures may in most cases be difficult or
impracticable.

The evidence upon which the Texan strata have been referred to the
Permian is fuller than that which has been adduced with regard to
any other North American strata that have been so referred. That is,
the evidence both of the vertebrate and invertebrate fossils is in favor
of such reference, and the difference in the character of the strata from
those of the underlying Coal Measures, although not great, is conven-
iently distinguishable. Still, it is true that the Texan Permian strata
bear many Coal-Measure invertebrate species, and that its flora at
present is unknown.

In the foregoing discussions I have referred to the discovery of a
molluscan fauna in Texan strata which contains both Mesozoic and
Coal-Measure types as indicating that those strata are later in their ori-
gin than the Coal Measures; or, in other words, that they are of Per-
mian age. WhileI think such a conclusion is correct in this case, es-
pecially when correlated facts are considered, it is by no means certain
that Mesozoic forms similar to those found in the Texan strata were
not introduced at a still earlier Carboniferous period than that which
the Texan fauna is understood to represent.

That is, in view of our present knowledge of those Indian and Sicil-
ian faunas that have been referred to on preceding pages, it seems
probable that a considerable number of their Mesozoic molluscan types
were really introduced in those parts of the world at an earlier epoch
than the Permian. I am not now prepared to express a definite opinion
upon this subject, but after examining the published works of Profs.
Waagen and Gemmellaro, I am inclined to think that the strata from
which they respectively obtained their commingled Mesozoic and Car-
boniferous forms are homotaxially equivalent to the Upper Coal Meas-
ures of North America, which strata belong beneath the Texan Per-
mian.
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In all the preceding discussions, as well as in the last paragraph, I
have referred to certain of the mollusca of the Indian, Sicilian, and
Texan faunas as being of Mesozoic types, and in accordance with the
generally accepted views of paleontologists it is entirely proper to do
%0, but it is not to be denied that a part of the genera which have been
recognized among those faunas have not yet been discovered in any
other faunas, or in any other geological horizon than that of the upper
portion of the Carboniferous system. In view of this fact the pro-
priety of positively referring the types mentioned to the Mesozoic rather
than to the upper portion of the Carboniferous may well be questioued.
That is, it seems to be probable that while there is no error in re-
ferring a part of those commingled forms to the Paleozoic and a part to
the Mesozoic, it is likely that certain members of those faunas which
will be found fo be characteristic of the upper portion of the Car-
boniferous system rather than of the earlier Mesozoic,
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PLATE 1.
MEDLICOTTIA COPEI (page 21).

Fig. 1. Lateral view of an imperfect example.
TFig. 2. Diagrammatic section of the volutions.
Fig. 3. Scptal suture.

D

WAAGENOCERAS CUMMINSI (page 20).

Fig. 4. Lateral view of a small example.

Tig. 5. Peripheral view of the same.

Fig. 6. Lateral view of a larger, imperfect example.
Fig. 7. View of septum of a still larger example.
Fig. 8. Septal suture of the same.

POPANOCERAS WALCOTTI (page 21).

Fig. 9. Lateral view of a small example.
Tig. 10. Peripheral view of the same.
Fig. 11 Septal view of the samo,
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PLATE II

GONIATITES BAYLORENSIS (page 19.)

-

Fig. 1. Lateral view.
Fig. 2. Outline showing general form by peripheral view.
Fig. 3. Septal suture.

p]

NauUTILUS ? (page 24).

Fig. 4. Lateral view of an imperfect example. ‘
Fig. 5. Outline of outer volution ; restored from imperfect examples.
Fig. 6. Septal sutures from a broken example.

? (page 24).

>

Navtirus

Figs. 7,8,9. Different views of a portion of a natural cast of interior of the shell.

Fig. 10. Outline of transverse section of a larger example, probably belonging to this
species. Both examples are from Godwin Creek., Compare with Figs. 6,
7,8. PLIIL

NAUTILUS OCCIDENTALIS (page 23).

Fig.11. Peripheral view of a fragment of a natural cast of the interior of the shell.
Fig. 12. End view of the same, showing septum and siphuncle.

NavutiLus (ENDOLOBUS) ? (page 24).

Fig.13. View of a fragment showing the small median lobe at the inner border of the
septum,
ORTHOCERAS RUSHENSIS (page 22).

Figs. 14,15, Lateral view of two fragments showing septa.
Fig. 16. Similar view of a small example.
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PLATE IIIL

NAUTILUS WINSLOWI (page 23).

Figs. 1, 2, Two views of a small example showing numerous small lateral lobes.
Figs. 3-5. Different views of three different examples showing varation as regards
surface features.

’ NAUTILUS 9 (page 23).

Fig. 6. Lateral view of a very.imperfect natural cast of the interior of the shell.
Figs. 7, 8. Two views of another example. Both examples are from Military Cross-
ing. Compare with Figs. 7-10, P1. IL ‘

EUOMPIIALUS SUBQUADRATUS (page 25).
Fig. 9. Apical view of a large example, somewhat distorted by pressure.
‘NATICOPSIS REMEX (page 24).
Fig. 10. Upper viow of a natural cast of the interior of the shell.
NA'ncorsis SHUMARDI (page 24).

Fig. 11. Lateral view.

MURCHISONIA ? (page 25).

Tigs: 12,13, Lateral view of two examples showing difference in surface ornamenta-
tion.

PATELLA

? (page 25).

Fig. 14, Dorsal view and snrface outline of transverse section.
BELLEROPIION MONTFORTIANUS {pago 20).

Tigs. 15,16, Two views of a small example. (

SPIRORBIS

? (pago 30).

Fig. 17. Upper view, much enlarged.
All figures of natural size except the last, which is much enlarged.
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PLATE IV.
AVICULOPECTEN OCCIDENTALIS (page 29).
Fig. 1. Left valve.
GERVILLIA LONGA (page 29).
Fig. 2. Left side view.
CLIDOPHORUS OCCIDENTALIS (page 27.)
Fig. 3. Right side view. ) ’
YOLDIA? SUBSCITULA (page 27.)

Fig. 4. Left side view.

PLEUROPHORUS ?

Fig. 5. Left side view of a natural cast of the interior of the shell,

Fig. 6. Dorsal view of the same, )

Figs. 7, 8. Right side view of the two natural casts of the interior of the shell.
Fig. 9. Similar view of another broader example,

Fig. 10. Right side view of an artificial cast, showing surface markings,

SEDGWICKIA TOPEKAENSIS (page 26).
Fig. 11. Lateral view of a natural cast of the interior of a left valve.
MYALINA AVICULOIDES (page 28.)
Fig. 12. Right side view of a natural cast of the interior of the shell.
MYALINA PERATTENUATA (page 28.)

Fig. 13. Left side view of an example from Camp Creek.
Fig. 14. Right side view of an example from Godwin Creek. .
Fig. 15, Similar view of an example from Military Crossing.

MYALINA PERMIANA (page 28.)

Fig. 16. Left side view of an example from Godwin Creek.
Fig. 17. Right side view of an example from Camp Creel.
Figs. 18, 19. Right and left side views of two examples from the Military Crossing.

CYTHERE NEBRASCENSIS (page 30.)

Fig. 20. Lateral view and vertical outline, much enlarged. All except Fig. 20 are
of natural size.
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