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CENOZOIC MAMMAL HORIZONS OF
WESTERN NORTH AMERICA.

By Hexry FamrriELD OSBORN.

INTRODUCTION.
FORMATIONS AND ZONES.

The main purpose of this paper is faunistic rather than geologic. -
Many of the geologic ‘“‘groups” and “formations” referred to are
still imperfectly defined and known, either as to geographic extent or
as to lithologic content. Many of the geologic terms used are there-
fore not to be regarded as final. It should be clearly understood
also that the geologic sections are largely diagrammatic and in most
cases are not to be interpreted as giving a clue to the lithologic content.

LIFE ZONES.

It is proposed, according to the ruling of the International Geo-
logical Congress and the old practice of invertebrate paleontologists,
to use the word ““zone’ for the faunistic levels of such geologic forma-
tions or groups as may be synchronized by the presence of certain |
distinctive animals. Thus we may speak of the Uintatherium zone
of the upper Bridger formation or of the lower “ Washakie.”” The
word “beds,” previously used in the same sense, is liable to cause
confusion because it is used also for formations.

GEOLOGIC FORMATIONS.

A ‘“formation’ has been defined as follows by the United States
Geological Survey:

In all classes of rocks the cartographic units shall be called formations.

The discrimination of sedimentary formations shall be based upon the local
sequence of the rocks * * * and the geologist must select for the limitation of
formations such horizons of change as will best express the geologic development
and structure of the region and will give to the formations the greatest practical unity
of constitution. In determining this unity of constitution all available lines of evi-
dence, including paleontology, shall be considered. Each formation shall contain
between its upper and lower limits either rocks of uniform character or rocks more
-or less uniformly varied in character as, for example, a rapid alternation of shale and
limestone. ¥ * * The definition of a formation * * * should include a

7



8 : CENOZOIC MAMMAL HORIZONS

statement of the important facts which led to its discrimination and of the charac-
teristics by which it may be identified in the field, whether by geologist or layman.

As uniform conditions of deposition were local as well as temporary, it is to be
assumed that each formation is limited in horizontal extent. The formation should
be recognized and should be called by the same name as far as it can be traced and
identified by means of its lithologic character, its stratigraphic association, and its
contained fossils.

The Survey has a committee on geologic names, which considers
all questions of nomenclature that are raised by every paper offered
for publication. The matter now stands as follows:

1. According to the ruling of the Survey all formations shall receive
geographic names.

2. The necessity for this rule is demonstrated in the present review,
because no two formations are found which are altogether coincident
in time, although they may partly or very largely overlap in time.

3. Both formation and faunistic names are more or less subject to
the law of priority of definition; but it is considered desirable by the
committee on geologic names that certain names which are appro-
priate and have become well established in the literature should be
retained, although their meanings may be preoccupied technically by
other names which have not come into such general use.

CORRELATION.

The correlation of the Tertiary miammal horizons of western North
America with those of Europe has engaged the attention especially
of Cope (1879, 1884), Scott (1887), Clark (1891, 1896), Dall (1896,
1897), and Osborn (1897, 1898, 1900). As exact correlation appeared
to be an essential for the writer’s phylogenetic studies of the rhinoc-
eroses and other groups, he published in 1897 a “Trial sheet of the
typical and homotaxial horizons of Europe” as the basis of coopera-
tion with various European geologists. Their kind criticisms and
corrections were embodied in a “Second trial sheet’ (1898) and in a
“Third trial sheet’ (1900).

In the years 1899 and 1900 the writer gave two addresses® before
the New York Academy of Sciences, entitled “Correlation between
Tertiary mammal horizons of Europe and America” and “Faunal
relations of Europe and America during the Tertiary period and
theory of the successive invasions of an African fauna into Europe.”
In 1899 Dr. W. D. Matthew published “A provisional classification of
the fresh-water Tertiary .of the West.””> In June, 1905, there began
in the Comptes Rendus a series of papers by Prof. Charles Depéret,

aOsborn, H. F., Correlation between Tertiary mammal horizons of Europe and America; anintroduc-
tion to the more exact investigation of Tertiary zoogeography; preliminary study, with third trial
sheet: Ann. New York Acad. Sci., vol. 13, No. 1, July 21, 1900, pp. 1-64.

Osborn, T. F., Corrélation des horizons de mammiféres tertiaires en Europe et en Amérique: Compt.
Rend. 8¢ Cong. géol. intern., 1900, pp. 357-363.

bBull. Am. Mus. Nat. Hist., vol. 21, 1899, pp. 19-75.
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entitled ‘‘I’évolution des mammiféres tertiaires, méthodes et prin-
cipés, importance des migrations,”’® covering with fullness and pre-
cision the same subject of the Tertiary mammal succession of Europe
and the migrations between the continents of Eurasia, North America,
and Africa. TFor reasons fully set forth in the writer’s correlation
paper of 1899, he has adopted the faunistic subdivisions of France as
classified by Depéret.

Taking renewed advantage of Professor Depéret’s research and
availing himself of the able cooperation of Doctor Matthew, the
writer now outlines the methods and data of Tertiary correlation of the
continental mountain and plains regions, and again treats the subject
of migrations and American and European parallels from the stand-
point of the remarkable American succession, which is now without
a gap except in the Pliocene. The Pacific coast and Atlantic coast
Tertiaries are not included in this review.

Many of the ideas are developments of those first expressed in the
writer’s correlation addresses above referred to and in his other ad-
dresses: ‘‘Rise of the Mammalia in North America’’ (1893),> and
“Ten years’ progress in mammalian paleontology” (1903).c A
prclunnmry abstract of the present paper was published by permls-
sion of Director Walcott in March, 1907.¢

BIBLIOGRAPHY OF WESTERN CENOZOIC HORIZONS
AND THEIR CORRELATION.

The following bibliography contains only the most significant
papers:
RECENT BIBLIOGRAPHY AND FORMATION NAMES.
WeEKs, F. B. Bibliography of North American geology, paleontology, petrology,

and mineralogy for the years 1892-1900, inclusive. U. S. Geol. Survey,
Bulls. Nos. 188, 189, 1902. s

Bibliography, synonymy, and
distribution. TU. S. Geol. Survey Bull. No. 191, 1902.

_— B1bhocrraphy and index of North American geology, paleontology, petrology,
and mineralogy for the years 1901-1905, inclusive. U. S. Geol. Survey,
Bull. No. 301, 1906.

GENERAL CORRELATION OF TERTIARY HORIZONS.

Crarx, W. B. Correlation papers—Eocene. The Eocene of the United States.
U. S. Geol. Survey, Bull. No. 83, 1891, pp. 9-159.
Eocene of the Atlantic coast, Gulf States, Pacific coast; historical sketch of the Eocene
of the interior. Table showing relative position of interior Eocene deposits. Map.
Extensive bibliography.

aL’évolution des maminifdres tertiaires. [1] Méthodes et principes: Compt. Rend. Acad. Sci. Paris,
vol. 140 (June 5, 1905), p. 1517. [2] Réponse aux observutions de M. Boule: Idem, vol. 141 (July 3, 1905),
p. 22. [3] Importance des migrations: Idem, vol. 141 (Nov. 6, 1905), p. 703. [4] Importance des migra-
tions: Idem, vol. 142 (Mar. 12, 1906), p. 618.

b Proc. Am. Assoc. Adv. Sci., 1894, pp. 188-277. Am. Jour. Sci., 3d ser., vol. 46, 1893, pp. 379-392, 448-446.

¢Compt. Rend. 6¢ Cong. intern. de zoologie, 1904, pp. 86-113,

d'lertiary mammal horizons of North America: Bull. Am. Mus. Nat. Hist., vol. 23, art. 11, March 30,
1907, pp. 237-253. [
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Corg, E. D. The relations of the horizons of extinct Vertebrata of TBurope and North
America. U. 8. Geol. and Geog. Survey Terr., Bull., vol. 5, No. 1, 1879.

Correlation of Mesozoic and Cenozoic horizons of Europe and North America.

——— The Vertebrata of the Tertiary formations of the West. Rept. U. 8. Geol.
Survey Terr., vol. 3, 1883 (1884). Section I.—The Tertiary formations
of the central region of the United States. Section II.—The horizontal
relations of the North American Tertiaries with those of Europe. -

Darr, W. H. A table of the North American Tertiary horizons correlated with one
another and with those of western Europe; with annotations. U. S.
Geol. Survey, 18th Ann. Rept., 1896-97, pt. 2, 1898.

Marine Tertiary horizons of the Atlantic coast and of the Gulf States correlated
with one another, with those of the Western States and those of western Europe.

Dawgins, W. Boyp. The classification of the Tertiary period by means of the
Mammalia. Quart. Jour. Geol. Soc., 1880, pp. 379-405.

Tertiary and Quaternary horizons and faunz of Great Britain, France, and Italy
. correlated.

Firor, H. Observations sur le mémoire de M. Cope intitulé Rélations des hori-
zons ¥ * * d’animaux vertébrés fossiles en Europe et en Amérique.
Ann. sci. géol., vol. 17, art. 5, 1885, pp. 1-18.

MarsH, 0. C. Geologic horizons as determined by vertebrate fossils. Am. Jour.
Sci., Oct., 1891, 3d ser., vol. 42, pp. 336-338.

—— Comparative va,lue of dlfferent kinds of fossils in determining geological 'Lge
Am. Jour. Sci., Dec., 1898, 4th ser., vol. 6, pp. 483-486.

Valueof a form depends upon its modifiability in accordance with changing conditions.

OsBorN, H. F. Correlation between Tertiary mammal horizons of Europe and
America; an introduction to the more exact investigation of Tertiary
zoogeography; preliminary study, with third trial sheet. New York
Acad. Sci., Ann., vol. 13, 1900, pp. 1-64.

——— Corrélation des horizons de mammiféres tertiaires en Europe et en Amérique.
Compt. Rend. 8° Cong. géol. intern., 1900, pp. 357-363.

——— The geological and faunal relations of Europe and America during the
Tertiary period and the theory of the successive invasions of an Afrlcan
fauna. Science, n. s., vol. 2, 1900, pp. 561-574.

Popular presentation of ahove-cited address.

GENERAL GEOLOGY AND FAUNZE (NORTH AMERICA).

Davis, W. M. The fresh-water Tertiary formations of the Rocky Mountain region.
Am. Acad. Arts and Sci., Proc., vol. 35, 1900, pp. 346-373.
History of opinion on mode of formation; evidence against lake-bed hypothesis
and in favor of fluviatile origin.
GmnBERT, G. K. The underground waters of the Arkansas Valley in eastern Colorado.
U. S. Geol. Survey, 17th Ann. Rept., pt. 2, 1896, pp. 553-601.
Rocky Mountain deposits may be of ﬂuvia,tjle and not of lacustrine origin.

Jonxnson, W. D. The High Plains and their utilization. U. 8. Geol. Survey, 2lst
Ann. Rept., pt. 4, 1901, pp. 601-741; 22d Ann. Rept pt. 4, 1902, pp.
631-669.

Tertmry deposits of the plains, of fluviatile and flood-plain origin.
MarsH, O. C. Ancient lake basins of the Rocky Mountain region. Am. Jour. Sci.,
Jan., 1875, 3d ser., vol. 9, pp. 49-52.

Introduction and succession of vertebrate life in America. Am. Jour. Sci.,
3d ser., vol. 9, 1877, pp. 337-378.

Plate showing successive horizons named from characteristic genera.
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Marraew, W. D. A provisional classification of the fresh-water Tertiary of the West.
Am. Mus. Nat. Hist., Bull., vol. 12, 1899, pp. 19-77.
Divisions of the Tertlary lake basins; fossiliferous horl?ons of the Great Plains; exten-
sive faunal hsts
Ospory, H.F. Ten years’ progress in the mammalian paleontology of North America.
Compt. Rend. 6° Cong. intern. de zoologie, session de Berne, 1904,
pp- 86-113. Reprinted without the plates in Am. Geologist, vol. 36,
1905, pp. 199-229.
A-summary. New phylogenetic problems. Review of the successive fauna. Exten-
sive references. :
WORTMAN J. L. Studies of Eocene Mammalia in the Marsh collection, Peabody
Museum. Pt. II Primates. Am. Jour Sci., June, 1903, vol 15, pp.
419-436.

European and American early Tertiary faunsw and florwxe, probably derived from tem-
perate Arctic land mass.

EOCENE

Core, E. D. The badlands of .\Wind River and their fauna. Am. Naturalist, vol. 14,
1880, pp. 745-748.
Eocene.

Darron, N. H. Geology of the Bighorn Mountains. U. S. Geol. Survey, Prot. Paper
No. 51, 1906.
See especially Bridger [i. e., Wind River] formation, p. 70.

DovUcrass, EarL. The discovery of Torrejon mammals in Montana. Science, n. s.,
vol. 15, 1902, pp. 272-273.

——— A Cretaceous and lower Tertiary section in south-central Montana. Am.
Philos. Soc., Proc., vol. 41, 1902, pp. 207-224.

Sketch of the Jurassic and Cretaceous deposits. Probable relations of the Laramie
and overlying beds. Fossil mammals of the Fort Union'beds.

Earve, Cuaries. Sece Osporn, H. F., and EArLE, CHARLES,
Hay, O. P. The fossil turtles of the Bridger basin. Am. Geologist, vol. 35, June,
1905, pp. 327-342. ‘

Evidence showing that the Bridger basin is of flood-plain, not lacustrine origin.

Hruws, R. C. Recently discovered Tertiary beds of the Huerfano basin, Denver, 1888.
-~ Additional notes on the Huerfano beds. Colorado Sci. Soc., Proc., Oct. 7,
1889. :
——— Remarks on the classification of the Huerfano Focene. Colorado Sci. Soc.,
Proc., vol. 4, 1891, pp. 7-9.
- Haypen, F. V. * Geological report of the exploration of the Yellowstone and Missouri
rivers, by F. V. Hayden, assistant to Col. William F. Raynolds, U. S.
Engineers, Washington, 1869.
~——— Preliminary field report of the United States Greologlcal Survey of Colorado
and New Mexico (separate), Washington, 1869.
) Bridger group, type description, p. 91.
Loowmss, F. B. Origin of the Wasatch deposits. Am. Jour. Sci., May, 1907 4th ser.,
vol. 23, pp. 356-364.
Analysis of the fauna, of the stratigraphy, and of the petrography disproves lake-hed
hypothesis and supports flood-plain hypothesis of the origin of the deposits. Detailed
) section. Lambdotherium primaevum sp. nov., Glyptosaurus obtusidens sp. nov.
Marraew, W. D. A revision of the Puerco fauna. Am. Mus. Nat. Hist., Bull,, vol.
9, 1897, pp. 259-323.

Faunal distinctiveness of the Puerco and Torrejon.
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McMasTER, J. B.  Stratigraphical report upon the Bridger beds in the Washakie basin,
Wyoming Territory, accompanied by profiles of three sections. In
Osborn, H. F., A memoir upon Lozolophodon and Uintatherium . . .
E. M. Mus. Geol. Archaol. Princeton, etc., Contr., 4° vol. 1, No. 1,
1881.

Washakie formation.

. OssorN, H. F. A memoir upon Loxolophodon and Uintathertum. E. M. Mus. Geol.
-Archzeol. Princeton, etc., Contr., vol. 1, No. 1, 1881,

¢ Washakie*’ more recent than Bridger formation.

——— The Perissodactyla. Part IIT of Scott, W. B., and Osborn, H, F., The
Mammalia of the Uinta formation. Am. Philos. Soc., Trans., n. s.,
vol. 16, pt. 3, Aug. 20, 1889, pp. 505-530. )

——— Fossil mammals of the Uinta Basin; Expedition of 1894. Am. Mus. Nat.
Hist., Bull., vol. 7, 1895, pp. 71-105.

Geology of the Uinta Basin; the three faunal levels (horizons A, B, C). with faunal
lists. New genera and species, especially of Mesonyx, Telmatherium, Sphenocelus, and
Elotherium.

———  The Huerfano lake basin, southern Colorado, and its Wind River and Bridger
fauna. Am. Mus. Nat. Hist., Bull., vol. 9, 1897, pp. 247-258.

Stratigraphy: analysis of Hill’s report faunal division into a lower horizon of Wind"
River age and an upper horizon of Bridger age.

———— and Earcg, CHARLES. Fossil mammals of the Puerco beds; collection of 1892,
Am. Mus. Nat. Hist., Bull., vol. 7, 1895, pp. 1-70.
Notes on the geology (Wortman). Analysis and description of the fauna.

——— and WortMmaN, J. L. Fossil mammals of the Wahsatch and Wind River beds;
collection of 1891, Am. Mus. Nat. Hist., Bull., vol. 4, 1892, pp. 81-147

Geology of the Bighorn Basin (Wortman), p. 135: analysis and description of the
fauna (Osborn).

Scorr, W. B. The upper Eocene lacustrine formations of the West. Am. Assoc.
Adv. Sci., Proc., 1887 (1888), p. 217. Abstract.

———— The upper Eocene lacustrine formations of the United States. Am. Assoc.
Adyv. Sci., Proc., vol. 36, 1887, pp. 217-218.

——— The geological and . faunal relations of the Uinta formation. Pt. I of Scott,
W. B., and Osborn, H. F., The Mammalia of the Uinta formation. Am.
Phxlos Soc., Trans., n. s., vol. 16, pt. 2, Aug. 20, 1889, pp. 462470,

——— The selenodont artlodactyls of the Uinta Focene. Wagner Free Inst. Sci.,
Trans., vol. 6, 1899, pp. i-xiii, 15-122, pls. 1-4.

Angular unconformity between horizons BandC. White River bedshomotaxial with

Ronzon ot France (vide Hatcher). Uintacompared with Paris gypsum (Lutétien),1 e.
lower Oligocene |upper Eocene]. ’

SivcrAir, W. J. Volcanic ash in the Bridger beds of Wyoming. Am. Mus. Nat.
Hist.,.Bull. 22, 1906, pp. 273-280. '

General features of the geology. Lithologic and stratigraphic classification of the
Bridger group.

Vearch, A. C. Geography and geology of a portion of southwestern Wyoming, with
special reference to coal and oil. U. S. Geol. Survey, Prof. Paper No.
56, 1907.

Deposits of the period between the known Cretaceous and the known Eocene; Evans-
ton formation (Eocene?), p. 86; Wasatch group, pp. 87-96; Green River formation,
p. 97; Bridger formation, p. 99.
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WortMAN, J. L. Geological and geographical sketch of the Bighorn Basin. In
Osborn, H. F., and Wortman, J. L., Fossil mammals of the Wahsatch
and Wind River beds. Am. Mus. Nat. Hist., Bull., vol. 4, 1892, pp.
135-144.

Wind River beds distinct from and successive to the Wasatch of Bighorn Basin.

and OsBorxy, H. F. See Osporn, H. F., and WortMAN, J. L.
OLIGOCENE, MIOCENE, PLIOCENE.

CockereLL, T. D. A. The fossil fauna and flora of the Florissant (Colorado) shales.
Univ. Colorado, Studies, vol. 3, 1906, Boulder, Colo., pp. 157-176.
Birds, fishes, insects, mollusks, plants.

Corg, E. D. Observations on the faune of the Miocene Tertiaries of Oregon. TU.S.
Geol. and Geog. Survey Terr., Bull., vol. 5, 1879-80, ‘pp. 55-69.

John Day (Oligocene).

—— Second contribution to a knowledge of the Miocene fauna of Oregon. Am.
Philos. Soc., Proc., vol. 18, 1879, pp. 370-376.
John Day (Oligocene).

——— The White River beds of Swift Current Rlver Northwest Territory.: Am.
' Naturalist, vol. 19, 1885, p. 163.

Oligocene, White River.

——— The Vertebrata of the Swift Current Creek region of the Cypress Hills. Geol.
- and Nat. Hist. Survey Canada, Ann. Rept., vol. 1, 1885 (1886), appen-
dix to Article C, pp. 79-85.
Oligocene.

———— A preliminary report on the vertebrate paleontology of the Llano Estacado.
Geol. Survey Texas, 4th Ann. Rept., 1892 (1893), pp. 1-136.
Description of the vertebrate fauna of the Loup Fork beds of the Llano Estacado,
Texas. .
CUMM[NS W. F. Notes on the geology of northwest Texas. Geol. Survey Texas, 3d
Ann. Rept., 1891 (1892), pp. 129-200; 4th Ann. Rept., 1892 (1893), pp.
179-238.
Geology of the Llano Estacado.

Dait, W. H. Age of the Peace Creek bone beds of Florida. Acad. Nat. Sci. Phila-
delphia, Proc., 1891, p. 121.
Included in Pliocene.

—— Geological results of the study of the Tertiary fauna of Florida, 1886-1903.

Wagner Free Inst. of Science, Philadelphia, Trans., vol. 3, pt. 6, 1903,
pp- 1541-1620.

Oligocene and later formations. Tertiary Mollusca.

and Harris, G. D. Correlation papers. The Neocene of North America.
U. S. Geol. Survey, Bull. No. 84, 1892.

See especially Chapter V1, on the supposed Neocene of the interior region, considered
by States, pp. 280-317. Table showing the vertical range of the Neocene of the inte-
rior. Map,p.178. List ol names applied to Cenozoic beds and formations of the United
States, p. 320.

Darron, N. H. Preliminary report on the geology and underground-water réspurces
of the central Great Plains. U. S. Geol. Survey, Prof. Paper No. 32,
Washington, 1905.

See especially Chadron ( T'itanotherium), Brule (Oreodon), Arikaree, Ogalalla forma-
tions.



14 CENO0ZOIC MAMMAL HORIZONS

Darron, N. H.  Age of the Monument Creek formation. Am. Jour. Sci., Sept., 1905,
4th ser., vol. 20, pp. 178-180.

Titanotherium remains. Oligocene.

—— Geology and underground waters of the Arkansas Valley in eastern Colorado,
U. 8. Geol. Survey, Prof. Paper No. 52, 1906.
. Monument Creek formation, containing Titanotherium of White River age, p. 34;
Nusshaum formation, of late Tertiary age, p. 34.
Doucrass, Earu. The Neocene lake beds of western Montana, and descriptions of
some new vertebrates from the Loup Fork. Univ. Montana, thesis,
June, 1899.
Geology, faunz, and correlation of White River, Deep River, and Madison Valley;
Loup Fork horizons in Montana; systematic.description of certain fossil camels, etc.
———  Fossil Mammalia of the White River beds of Montana. Am. Philos. Soc.,
' Trans., n. s., vol. 20, 1901, pp. 142, pl. ix.
Pipestone beds, Toston beds, Blacktail Deer Creek beds. Geology and fauna; new
genera and species of mammals.
——— New vertebrates from the Montana Tertiary. Carnegie Mus (Pittshurg,
Pa.), Ann., vol. 2, No. 2, 1903, pp. 145-200.
Sage Creek beds (?Eocene), White River deposits, Fort Logan beds (upper Oligo-
cene), Deep River and Flint Creek beds. New mammals described.
— — The Tertiary of Montana. Carnegie Mus. (Pittsburg, Pa.), Mem., vol. 2,
1905, pp. 203-224. '

Chiefly a description of Ictops, X enotherium, and other lower White River mammals.

GmLeEY, J. W. The fresh-water Tertiary of northwestern Texas, American Museum
Expedition of 1899-1901. Am. Mus. Nat. Hist.; Bull., vol. 19, 1903,
pp. 617-635.

Geologic notes and sectlons new mammals described. Rock Creek beds = Sheri-
dan ( Equus) beds (Pleistocene); Blanco beds (Pliocene); sections (1) at Mount Blanco
of (?) Goodnight (Paloduro) Miocene, (2) showing Panhandle (lower or middle Miocene)
beds, and (3) of Clarendon (Loup Fork) and Panhandle. Maps, fauna,

See Marruew, W. D., and GiprLeYy, J. W.

GmuserT, G. K. Lake Bonneville. U. S. Geol. Survey, Mon., vol. 1, 1890.

The age of the Equus fauna, p. 303. Faunaily later than upper Pliocene of Arno
Valley, and earlier than mid-Pleistocene, but surviving in Lake Bonneville region into

middle or upper Pleistocene.
Harris, G. D. See Daur, W. H., and Harris, G. D.

Harcuer, J. B. Discovery of Diceratherium, the two-horned rhmoceros in the White
River beds of South Dakota. Am. Geologist, vol. 13, 1894, pp. 360-361.

Top of White River correlated with John Day formation.

———  On a small collection of vertebrate fossils from the Loup Fork beds of north-
western Nebraska; with note on the geology of the region. Am. Natur-
alist, vol. 28, 1894, pp. 236-248.

Llurodon, Aphelops, Teleoceras; Loup Fork and Equus beds.

——— The Tttanotherium beds. Am. Naturalist, Mar. 1, 1893, pp. 204-221.
Geographic distribution, description, stratigraphy; faunistic division into lower,
middle, and upper beds.
———— Origin of the Oligocene and Miocene deposits of the Great Plains. Am.
Philos. Soc., Proc., vol. 41, 1902, pp. 113-131.

Gering, Arikaree, Ogalalla, Monroe Creek, Harrison, and Nebraska of Scott; classi-
fication of the Oligocene and Miocene; *‘lake-bed’' hypothesis of origin disproved in
favor of fluviatile, flood-plain, and eolian hypothesis.
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HaworrH, E.- Physical properties of the Tertiary [of Kansas]. Univ. Geol. Survey
Kansas, vol. 2, 1896, pp. 247-281.

Rejects ‘‘lake-basin’* hypothesis in favor of hypothesis of fluviatile origin of Tertiary
of Kansas.

Hay, R. Northwest Kansas; its topography, geology, climate, and resources. Kan-
sas State Bd. Agr., 6th Bien. Rept., 1889.

See especially discussions of the Tertiary geology of Kansas.

Irving, J. D.  The stratigraphical relations of the Browns Park beds of Utah. New
York Acad. Sci., Trans., vol. 15, Sept., 1896, p. 252.
The beds in Browns Park Valley assigned to the Pliocene.
Kxowrron, F. H.  Fossil flora of the John Day basin, Oregon. U. S. Geol. Survey,
Bull. No. 204, 1902.
Geology, pp. 14-20, 102-108. Mascall formation referred to upper Miocene.

Lewy, J., and Lucas, F. A. Tossil vertebrates from the Alachua clays of Florida.
Wagner Free Inst. Sci., Trans., vol. 4, 1896, pp. vii-xiv, 15-61.
Mastodon floridanus, A phelops fossiger, A. malacorhinus, Procamelus major, P. medius,
P. minimus, Hippotherium plicatile, H. gratium, Equus major.
Loowmis, F. B. Two new river reptiles from the titanothere beds. Am. Jour. Sci.,
Dec., 1904, 4th ser., vol. 18, pp. 427-432.
Flood-plain origin of Tuanotherium heds.

Lucas, T. A. See Lemy, J., and Lucas, F.-A.

Marraew, W. D. Isthe White River Tertiary an eolian formation? Am. Naturalist,
vol. 33, 1899, pp. 403-408. :

Summary of the paleontologic evidence against the lake-basin hypothesis.

——— TFossil mammals of the Tertiary of northeastern Colorado. Am. Mus. Nat.
Hist., Mem. 1, pt. 7, Nov., 1901.

Stratigraphy of White River formation (Horsetail breek, Cedar Creek, and Martin

Canyon beds); of Loup Fork formation (Pawnee Creek heds). Evidence as to mode

of deposition (chiefly eolian); analysis of faung; correlation of horizons; systematic
descriptions.

———— The fauna of the Titanotherium beds at Pipestone Springs, Mont. Am.
Mus. Nat. Hist., Bull., vol. 19, 1903, pp. 197-226.

Notes on stratigraphy; systematic descriptions of new fossil rﬁammuls.
———— A lower Miocene fauna from South Dakota. Am. Mus. Nat. Hist., Bull.,
vol. 23, 1907, 169-219.
Lower and upper Rosebud formations and faunz; comparison with American Oligo-
cene and Miocene faunz., New Carnivora, Rodentia. Artiodactyla.

———and GipLey, J. W.  New or little-known mammals from the Miocene of South.
Dakota. Am. Mus. Nat. Hist., Bull., vol. 20, 1904, pp. 241-271.
Upper Miocene Loup Fork beds, geology and launal list; lower Miocene Rosebud
beds (new name) New Carnivora and Rodentia
Merriam, J. C. A contribution to the geology of the John Day basin. Univ. Cali-
fornia, Bull. Dept. Geology, vol. 2, 1901, p. 269.

Geology, faune, and flora of the Cretaceous (Chico and Knoxville), Eocene (Clarno},
Oligocene (John Day series), Columbia lava, Miocene (Mascall), Pliocene (Rattlesnake),
Quaternary.

Carnivora from the Tertiary formations of the John Day region. TUniv. Cali-
fornia, Bull. Dept. Geology, vol. 5, 1906, pp. 1-64, pls. 1-6.
" Brief notes on the Tertiary formations of the John Day region. Description of the

Canidee and Felidee. John Day carnivores more advanced in structure than White
River carnivores, less advanced than Loup Fork carnivores,
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[OsBorn, H. F.] Professor Fraas on the aqueous vs. eolian deposition of the White
River Oligocene of South Dakota. Science, n. s., vol. 14, 1901, pp.
210-212.

Titanotherium beds formed by river and flood-plain deposits exposed during dry
season. Middle Oreodon beds deposited by a shallow lake with dissolved materials of
varying concentration (cf. banded layers). Upper Orcodon beds formed by eolian loess.

OssornN, H. F. See Scorr, W. B., and Ossorx, H. F.
and WorrMAN, J. L. Perissodactyls of the lower Miocene White River beds.
Am. Mus. Nat. Hist., Bull., vol. 7, 1893, pp. 343-375.

Oligocene.

Tossil mammals of the lower Miocene White River beds; collection of
1892. Am. Mus. Nat. Hist., Bull., vol. 6, 1894, pp. 199-228.

Succession of species in the White River * ‘Miocene’’ [=Oligocene].

PerErsoN, O. A. Osteology of Ovydactylus. A new genus of camels from the Loup
TFork of Nebraska, with descriptions of two new species. Carnegie Mus.,
Ann., vol. 2, No. 3, Feb., 1904.

Geologic notes and section, pp. 473-475.

——— Description of new rodents and discussion of the origin of Damoneliz. Car-
negie Mus., Mem., vol. 2, 1905, pp. 139-191.

New rodents from the D&moneliz beds, Harrison formation (Miocene). Damoncliz
explained as the cast of a spiral burrow made by rodents (Stencofiber).

——— The Agate Spring fossil quarry. Carnegie Mus., Ann., vol. 3, No. 4, 1906,
pp. 487-494.

IHorizon regarded as equivalent to the top of the lower ITarrison formation.

——— The Miocene beds of western Nebraska and eastern Wyoming and their ver-
tebrate faunee.
Carnegie Mus., Ann., vol. 4, No. 1, 1906, pp. 21-72.

~——— New suilline remains from the Miocene of Nebraska. Carnegie Mus., Ann.,
vol. 2, No. 8, 1906, pp. 305-320.
N. sp. in Thinohyus. Comparison with John Day species shows greater specializa~
tion, p. 320.

Scorr, W. B. The mammals of the Deep River beds. Am. Naturalist, vol. 27,1893,
Pp. 659-662.
Preliminary description
——— The later Tertiary lacustrine formations of the West. Geol. Soc. America,
Bull., vol. 5, 1893 (1894), pp. 594-595. »

Nebraska formation, Cosoryr beds. Type reference.

———— The Mammalia of the Deep Riverbeds. Am. Philos. Soc., Trans., n. s., vol.
18, 1895, No. 2, pp. 55-185.

Geology, pp. 55-63. European homotaxis with Sanson and Simorre (mniddle Miocene).

and Ossorx, H. F. Preliminary account of the fossil mammals from the
White River formation contained in the Museum of Comparative Zoology.
Mus. Comp. Zool. Harvard Coll.; Bull., vol. 13, 1887, pp. 152-171.
ScupbpER, S. H. The Tertiary insects of North America. U. S. Geol. Survey Terr.,
Rept., vol. 13, 1890.

Map of the Tertiary lake basin at Florissant, Colo. Geology of the deposits yielding
Tertiary 1 nsects in America. Florissant=Amyzon beds (Oligocene?). Volcanic origin
of the deposits. .
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Sincrair, W.J. New or imperfectly known rodents and ungulates from the John
Day series. Univ. California, Bull. Dept. Geology, vol. 4, 1905, pp.
125-143. .
SterNBERG, C. H. The Loup Fork Miocene of western Kansas. Kansas Acad. Sci.,
Trans., vol. 20, pt. 1, 1904, pp. 71-74.
Mode of deposition discussed.
WortMAN, J. L. On the divisions of the White River or lower Miocene of Dakota.
Am. Mus. Nat. Hist., Bull., vol. 5, 1893, pp. 95-106.
Description and stratigraphic table of the Titanotherium and Oreodon beds; Proto-
ceras beds; faunal distribution and succession of types.

——— See Ossorn, H. F., and WorTMAN, J. L.

PLEISTOCENE.

BEﬁDE, J. W. See HaworrH, E., and BeebDE, J. W.
Core, E. D. Description of some vertebrate remains from the Port Kennedy bone
deposit. Acad. Nat. Sci. Philadelphia, Proc., vol. 11, 1876, pt. 2,
pp- 193-267.
Pleistocene..
——— The Silver Lake of Oregon and its region. Am. Naturalist, vol. 23, 1889,
pp- 970-982.
Pleistocene. Fauna and geology.
and WorrMaN, J. L. An account of the mammalian fauna of the post-Plio-
cene deposits of Indiana. State Geol. Indiana, 14th Rept., pt. 2, 1884.
Pleistocene.

FurLong, E. L. An account of the preliminary excavations in a recently explored
Quaternary cave in Shasta County, Cal. Science, n. s., vol. 20, July 8,
1904, pp. 53-54.

Faunal lists.

——— The exploration of Samwel Calve. Am. Jour. Sci., September, 1906, 4th ser.,
vol. 22, pp. 235-247.

Pleistocene.

"——— Reconnoissance of a recently discovered Quaternary cave deposit near

Auburn, Cal. Science, n. s., vol. 25, 1907, pp. 392-394.
Faunal lists.

Guserr, G. K. See Hawr, J., and GuuerT, G. K.

Haix,J.,and GmserT, G. K. Notesand observations on the Cohoes mastodon. Notes
of investigations at Cohoes with reference to the circumstances of the depo-
sition of the skeleton of Mastodon. New York State Cab. Nat. Hist, 21st
Ann. Rept., 1871.

Characteristic sections of Pleistocene deposits.

Harcuer, J. B. Discovery of a musk-ox skull (Ovibos cavifrons Leidy) in West Vir-
ginia, near Steubenvﬂle Ohio [by Sam Huston]. Science, vol. 16, 1902,
p. 707.

Faunal changes in the region during glacial period.

Haworrh, E., and Beepg, J. W. The McPherson Equus beds [of Kansas]. Univ.
Geol. Survey Kansas, vol. 2, 1896 (1897), pp. 287-296.
Marruew, W. D.  List of the Plelstocenc fauna from Hay Spnngs, N (,br Am. Mus,
Nat. Hist., Bull., vol. 16, 1902, pp. 317-322.
Hay Springs (Nebraska), Silver Lake (Oregon), Oregon Desert, Washtuckna Lake
(Washington).
56092—Bull. 361—09—2
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MeRcER, H. C. The bone cave at Port Kennedy, Pa. Acad. Nat. Sci. Phila-
delphia, Jour., vol. 11, 1899, pt. 2.

' Referred to the Pleistocene, but without comparison with other cave formations and
faunz.

MerriaM, J. C. Recent cave exploration in California. Am. Anthropologist, n. s.,
vol. 8, 1906, pp. 221-228. .

Mercer’s, Potter Creek, Samwel, and Stone Man caves, probably of Quaternary age.

Scuppker, S. H. The effect of glaciation and of the glacial period on the present
fauna of North America. Am. Jour. Sci., Sept., 1904, 3d ser., vol. 48,
pp- 179-187. .

SuureLpt, R. W. A study of the fossil avifauna of the Equus beds of the Oregon
desert. Acad. Nat. Sci. Philadelphia, Jour., vol. 9, 1892, p. 389.

Sincramr, W. J. A preliminary account of the exploration of the Potter Creek cave,
Shasta County, Cal. Science, n. s., vol. 17, 1903, pp. 708-712.

———— The exploration of the Potter Creek cave. Univ. California, American
Archeeology and Ethnology, vol. 2, 1904, pp. 1-27, pls. 1-14. '

Late Quaternary age.

New Mammalia from the Quaternary caves of California. Univ. California,
Bull. Dept. Geology, vol. 4, 1905, pp. 145-161.
WitnistoN, S. W. An arrowhead found with bones of Bison occidentalis in western
Kansas. Am. Geologist, vol. 30, 1902, pp. 313-315.
Arrowhead in undoubted association with an extinct species, Bison occidentalis, in
beds referred by Williston to the Equus beds. )
——— The Pleistocene [of Kansas]. Univ. Geol. Survey Kansas, vol. 2, 1896, pp.
299-308.

Kansas Pleistocene deposits and faunz. N

WortMaN, J. L. See Corg, E. D., and WortMAN, J. L.



CHAPTER L

GENERAL GEOLOGIC AND CLIMATIC HISTORY OF THE
TERTIARY.

Although, as observed in the introduction (p. 7), we still lack
exact. knowledge, certain broad generalizations are beginning to
emerge from the facts collected chiefly by American paleontologists
since the pioneer studies of Hayden and Leidy in the middle of the
last century.

Among the earlier contributors to our geologic' and stratigraphic
knowledge are Hayden, Leidy, Marsh, Cope, King, Scott, and Osborn.
Among the more recent contributors are Matthew, Hatcher, Wort-
man, Darton, Merriam, Peterson, Douglass, Gidley, Granger, and
Sinclair.®

The most central fact established is that there were during the
Tertiary period two grand natural divisions of geologic deposition
and of animal and plant habitat, similar to the two natural divisions
which exist to-day, namely, (1) the Mountain Region and (2) the
Plains Region. ‘

THE MOUNTAIN REGION.

The mountain and high-plateau region, as a whole, stretched
north through British Columbia to its broad Asiatic land connection,
which was apparently interrupted and renewed more than once dur-
ing the Tertiary period. On the south it terminated, according to
Suess, in the mountains which form the northern boundary of the
southern Mexican State of Oaxaca. We have a few glimpses of the
life of limited areas of this vast region in Tertiary time.

The Eocene Tertiaries of the Mountain Region, lying in and west
of the Rockies, in which the life is best known, were partly formed
by the post-Cretaceous or post-Laramie uplift, accompanied by
great volcanic activity, lava flows, and eruptions of volcanic dust,
and by the formation of a series of lake, river, and flood-plain basins,
filled with volcanic and erosion sediments.

a Six of these observers either have been continuously or were for a time connected with the expedi-
tions sent out by the present writer from the department of vertebrate paleontology of the Amer'can
Museum of Natural History, with instructions to combine very precise geologic and paleontologic
observations. Of the others, Hatcher’s pioneer work for the United States Geological Survey and
for the Carnegie Museum, Merriam’s and Sinclair’s work in the John Day region (University of Cali-
fornia studies), and Douglass’s observations in Montana have been most important. ‘Darton’s report
on the central Great Plains (1905) is the latest and most comprehensive contribution.

19
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The mammalian life of this region from New Mexico on the south
to Montana on the north is fully known from the beginning to the
close of the Eocene epoch, while it is imperfectly known during the
Miocene and Pliocene epochs. It shows four phases in its relations
to Europe.

1. Throughout the lower Eocene epoch it is closely similar to the
far-distant life of western Europe. (See first and second faunal
phases, pp. 33, 35-36.)

2. There follows a middle and upper Eocene interval of faunal sepa-
ration from Europe. (See third faunal phase, pp. 42-43.)

3. Again there is a faunal reunion, near the beginning of the Oligo-
cene epoch; then a divergence, less marked than before; then a
reunion in the middle Miocene, and another in the Pleistocene. But
from the Oligocene onward western America, northern Asia, and
Europe, or Eurasia, form a single great zoologic province until
the late Pleistocene. . (See fourth, fifth, and sixth faunal phases,
- pp- 57-60, 76, 82.)

4. Finally, the present epoch is one of faunal divergence or sepa-
ration. (See seventh faunal phase, p. 84.)

THE PLAINS REGION.

The Tertiaries of the Plains Region lie east of the Rockies from
Montana southward.

During the entire Eocene epoch the country stretching to. the
- Mississippi and eastward to the Appalachians and Atlantic coast is,
with a few exceptions,® a terra incognita so far as its terrestrial
mammalian life is concerned. Glimpses only of its marine or sea-
shore mammalian life are afforded in the Zeuglodon zone® of Alabama
and Florida and in other littoral marine deposits. While this vast
eastern region contains no known Eocene mammal-bearing deposits,
it was undoubtedly the scene of a very active continental® mammalian
life from the time of the emergence of the central area toward the
close of the Cretaceous, or during and after Laramie time. Yet our
knowledge of the life of eastern North America during the entire
Eocene is only what we gain by inference from our knowledge of the
life of the Mountain Region from Montana on the north (47°) to New
Mexico on the south (36° latitude), a relatively circumscribed area.

Our earliest knowledge of the mammalian life of the Great Plains
is that suddenly afforded on its extreme western fringe or border in
lower Oligocene time, and it is indeed a revelation. Again, with the

a For example, Marsh has reported from the supposed Oligocene of New Jersey two species of mam-
mals, Elotherium and Protapirus ( Tapiravus) validus.

b Zeuglodon is an aberrant whale-like form which probably originated in the Eocene of North Africa.

¢ As pointed out by Suess, North America has been a continent since the close of the Cretaceous, and
its great land surfaces are older, more permanent, and more extensive than those of Europe. The
land surfaces of Africa, however. are far older than either.
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exception of important upper Miocene (‘ Peace Creek’” and ““ Archer”
formations) and possibly mid-Pliocene deposits in Florida, the coun-
try east of the Great Plains remains unknown until the lower Pleisto-
cene. ”

These facts, which are often overlooked by paleontologists, have a
very important bearing on theories as to the source or origin of the
new forms of mammals which suddenly appear from time to time.

RESEMBLANCES AND CONTRASTS BETWEEN MOUNTAIN
’ AND PLAINS REGIONS.

Resemblances.—Opening with a moderately warm and humid but
far from tropical climate, with mild winters, the common physio-
graphic and climatic history of both the Mountain and western
Plains regions was that of progressive elevation, slowly progressing
aridity, gradual soil denudation and deforestation, progressively
sharper definition of the winter and summer seasons, concluding
with destruction of most of the larger forms of life during the lower
"Pleistocene glacial epoch. :

Contrasts.—The geologic history of the two regions presents some
strong contrasts.

First, with some exceptions, the Tertiary deposits of the Mountain
Region are in clearly defined basins drained by the same great river
systems which drain them to-day, while those of the Plains Region
are widely scattered over broad areas, with frequent changes in the
river courses, the present river courses being comparatively modern.

Second, it follows that in the Mountain Region, from the basal
Eocene to the summit of the upper Oligocene or John Day formation,
there was little or no working over of the older Tertiary rocks into
newer deposits, but there exist a number of continuous local deposi-
tions. Erosion of these depositions has been retarded fortunately
in the John Day basin of Oregon by heavy cappings of lava, in the
Bridger basin by a dense Pleistocene (?) conglomerate, and in the
Washakie basin by a fine conglomerate. Broad expanses of these
historic strata have thus been preserved in their original purity and
continuity for the geologist and paleontologist.

Third, by contrast, in the Plains Region the original very extensive
Oligocene strata were in part worked over to form Miocene strata,
and these in turn were in part eroded to form Pliocene strata; again,
all three contributed to the Pleistocene strata; and finally all four
are now contributing to the alluvium of the Great Plains. Thus in .
the Plains Region we find Miocene river deposits laid in old Oligocene
- channels, and Pliocene deposits embedded in Miocene channels, as
well illustrated in Gidley’s sections® in the Llano Estacado of Texas

aGidley, J. W., The fresh-water Tertiary of northwestern Texas. American Museum expeditions
of 1899-1901: Bull. Am. Mus. Nat. Hist., vol. 19, 1903, pp. 617-635.
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(fig. 15, p. 82). This succession of depositions and erosions has ren-
dered the Tertiary geologic history of the Great Plains very compli-
cated, and has retarded our geologic and paleontologic solutions.

Fourth, owing to the proximity of the volcanic zones, volcanic ash
and other fine eruptive materials contributed very largely and in
some basins almost exclusively to the Eocene and Oligocene deposits
in the Mountain Region, while in the Plains Region, which was
more distant from the active craters, volcanic-ash deposits were
occasional, and conglomerates, sandstones, and clays make up the
main mass of the deposits. In some Plains deposits, however, vol-
canic ash is a large component.

Fifth, the mammalian life of the Mountain Region was largely
that of plateaus, uplands, and elevated basins, of streams and lake
borders, of hillsides, and more or less of the forests. The mammalian
life of the Plains Region was that of savannas and pampas, of broader
plains and rivers, with more restricted forests. There was, however,
no sharp life demarcation, because then, as now, some of the Plains

types penetrated the Mountains and some of the Mountain types’

penetrated the Plains.

General homotazis of some of the Mountain and Plains formations.

MOUNTAIN BASIN DEPOsITs, | GREAT PLAINS DEPOSITS.
Geologic.—Largely of wa-
ter-erosion and wind-ero-
sion materials; partly of
volecanic materials.
Faunistic—Extinct mam-
mals, chiefly of an open-
lains country, traversed
y broad, slow-moving
rivers, savanna, partly
forested, with shallow |-
lakes and decreasing rain

Geologic.—Partly of erosion
materials; largely of vol-
canic materials, partly
eolian, partly deposited
in water,

Faunistic.—Extinet mam-
mals, chiefly inhabiting a
mountainous, hilly, for-
ested, lake- and river-
border, well-watered

country. supply.
Middle Pliocene....l...... ... ... Blanco, TeX................ N
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upper Miocene.
Upper Miocene. .. ..

Middle Miocene. ...

Lower Miocene and
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Lower Eocene.....

Basal Eocene......
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Deep River,Mont.: Mascall,

Oreg.
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spread fluviatile,
flood-plain, and eoli-
an deposits, chiefly
erosion and volcanic
materials, on the
Great Plains of Da-
kota, Nebraska
Colorado, and west-
ern Kansas. Limit-
ed and "scattered
deposits in the
Rocky  Mountain
region.

First deposition (or
Eocene) period of
lacustrine, river, and
flood-plain deposits,
largely of volcanic
materials in the
Rocky Mountain ba-
sin, chiefly in the
ancient drainage ba-
sin of Colorado Riv-
er. Plains deposits
of this period eroded
away, buried, or un-
known,
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GEOLOGIC HISTORY OF MOUNTAIN BASIN DEPOSITS
OF THE EOCENE AND OLIGOCENE.

The combination by faunistic correlation of all the Eocene sections,
as represented in fig. 1, gives a total thickness of 7,200 feet.

The deposits are distinguished by the following chief characters:

1. The axes of the mountain ranges were the same as at present.
The mountain ranges, in relation to the surrounding country, were
probably higher than at present, because we must allow for two to
three million years of erosion.

2. The Eocene drainage systems were broadly the same as the
modern, namely, the systems of Colora<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>