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SYNOPSIS OF THE FLORA OF THE LARAMIE GROUP.

INTRODUCTION.

The object of this paper is twofold: first, to offer, as its title im-
plies, a synopsis, or condensed account, of the flora of the Laramie
group, as that formation is now understood ; and, secondly, to give a
few illustrations of this flora from new material or from material more
ample and abundant than has heretofore existed.

Mr. Leo Lesquereux, in his * Tertiary Flora,”' describes a large
number of plants belonging to this group, but he here argues for the
Tertiary age of these plants and regards the group as Eocene; he
therefore makes no attempt to keep them separate from those derived
from higher and still acknowledged Tertiary beds. TIn his last work,
on “The Cretaceous and Tertiary Iloras,”® he attempts to introduce a
“table of distribution” of the plants of the Laramie group, but in doing
80 he fails to recognize the Fort Union forms as belonging to that group,
although the identity of the two groups had been admitted by Dr.
Hayden in his annual reports and was reasserted in his letter trans-
mitting Mr. Lesquereux’s * Tertiary Flora” to the Secretary of the In-
terior for publication. He preferred to accept the view of Mr. Clarence
King (who admitted that he had not visited the Fort Union beds), as
expressed in hiz Report of the Geological Exploration of the Fortieth
Parallel, Volume I, pp. 353, 354, and which rested upon the determina-
tions by Dr. Newberry of certain vegetable remains of Miocene type.
Mz, King believed this formation to be equivalent to the White River
Miocene, and Dr. Newberry referred all his Fort Union plants to the
Miocene. The only localities which he admits as constituting the plant
beds of the Laramie gronp known at that date are those of Colorado,
the Raton Mountains, Placiére, Henry’s Fork, Barrel Springs, Fort
Ellis, Spring Canon, Black Buttes, Point of Rocks, and Yellowstone
Lake. This exeludes Carbon and Evanston, which I shall also embrace
in the Laramie, and there are several other loealities from which fossil
plants have been obtained that belong with little doubt to the same
great system.

"1 Coutributions to the Possil Flora of the Western Territories, Part II. The Ter-
tiary Flora. By Leo Lesquereux. Report of the United States Geologieal Survey of
the Territories, ¥. V. Hayden, United States geologist-in-charge. Vol. VII. Wash-
ington, 1878,

2 (fontributions to the Fossil Flora of the Western Territories, Part III. The Cre-
taceous and Tertiary Floras. By Leo Lesguerenx, Report of the United States Geo-
logieal Survey of the Territories, I. V. Hayden, geologist-in-charge. Vol. VIIL.
Washington, 1883. (405)
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406 FLORA OF THE LARAMIE GROTUP.

HISTORICAL REVIEW OF OPINION.

The history of the Laramie group, as now understood, is a long one,
and the literature is scattered through a series of reports in a manner
very perplexing to any one who desires to gain a comprehensive knowl-
edge of it. From the circumstance that at nearly all places where it
has been recognized it consists to a greater or less extent of deposits of
lignite or coal, this condition was for a time inseparably associated
with it to such an extent that there was a disposition to regard all the
lignitic deposits of the West as belonging to the same geologie forma-
tion ; but when this had been disproved by the discovery of extensive
beds of coal in the middle Cretaceous, the reaction against this view
carried many too far, and resulted in the quite general belief that the
lignite beds of the Upper Missouri River were of widely different age
from those of Colorado and Wyoming. Even Mr. King, who correlated
all the beds along the 40th parallel, and first gave them the name of
“Laramie group,” still denied the identity of the Fort Union beds with
them, and as late as 1878 regarded these as Miocene and the equivalent
of those of the White River. Tt is remarkable that he should have ex-
pressed such an opinion in 8o prominent a place as his final report (Re-
port of the Geological Survey of the Fortieth Parallel, Vol. I, p. 353),
while admitting that he had not personally examined this region.

The northern portion of the extensive area now embraced under the
name Laramie group was the first to attract attention. It was nat-
ural that the earliest transcontinental voyages should follow the largest
water-ways, and notwithstanding the extremely slow development of
the Upper Missouri River region we find that its exploration was begun
in the first decade of the century by parties provided with appliances
for scientific observation and has been continued at intervals ever
since. Leaving the merely geographical aspects out of the account, we
find that the coal beds attracted the attention of Lewis and Olarke in
1803 and of every subsequent expedition down to the epoch of true
geologic investigation, which dates from the commencement of the
protracted researches of Messrs, Meek and Hayden in the year 1854,
the earliest publications of which are contained in Volume VIII of the
Proceedings of the Philadelphia Academy of Sciences, 1856. The inves-
tigations of Harris and Audubon in 1844! added scarcely anything
to the knowledge of the geological age of these regions. As much
might be said of the explorations of Frémont, who observed the lignite
beds of Wyoming in 1842, and of the expedition of General Emory
who noted those of Eastern New Mexico in 1848. But the large col-
lections brought by Hayden from Nebraska and the Upper Missouri and
Yellowstone regions in 1854 furnished the data for profitable seientific in-

! Proceedings of the Academy of Natural Sciences, Philadelphia, Vol. II, 1845, pp.
235-240.
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vestigation, which they soon received at the competent hands of Messrs.
Meek and Leidy. In the first of the papers above referred to,! in which
all the species deseribed are mentioned as Cretaceous, the authors
remark : *Itis worthy of note that some of the species contained in the
collection from the most recent Cretaceous beds of the Upper Missouri
country appear referable to genera which, aceording to high European
authority, date no farther back than the true chalk, while many of them
are closely analogous to Tertiary forms ; so close, indeed, that, had they
not been found associated in the same beds with Ammonites, Scaphites,
and other genera everywhere regarded as having become extinet at the
close of the Cretaceous epoch, we would have considered them Tertiary
species.” A section is given, at the top of which 400 to 600 feet of
“Tertiary” are placed, which is deseribed as * beds of eclay, sandstone,
lignite, &e., containing remains of vertebrata, and at places vast num-
bers of plants, with land, fresh-water, and some times marine or estuary
mollusea.”

At the next meeting of the Academy, Dr. Joseph Leidy read a paper
in whieh he described the vertebrate remains which Dr. Hayden had
obtained from the Bad Lands of the Judith River. He is silent as to
the age which these remains indicate nuntil the close of the paper, where
he names a speeies of Lepidotus in honor of the discoverer, and says:
“This species is named in honor of Dr. Hayden, who collected the re-
mains characterized in this paper; and which remains, I suspect, indi-
cate the existence of a formation like that of the Wealden of Euarope;”
a remark which has sinee been mueh quoted in support of the Mesozoic
age of the Judith River beds.

On June 10th of the same year a second paper was presented to the
Academy by Messrs, Meek and Hayden, entitled ¢ Descriptions of new
species of Acephala and Gasteropoda, from the Tertiary formations of
Nebraska Territory, with some general remarks on the Geology of the
country abont the sources of the Missouri River.”

These ‘ general remarks,” which were  based upon the observations
and collections of Dr. Hayden,” contain some very interesting state-
ments and certain somewhat remarkable adumbrations of the conclu-
sions to which the latest investigations have led respecting the geology
of this region. The lignitic deposits are regarded as Tertiary, but they
are very clearly distinguished from the fresh-water deposits of the
‘White River group as well as from the underlying Cretaceous formation.
“Although there can be no doubt,” the authors say, “that these deposits
hold a rather low position in the Tertiary system, we have as yet been
able to arrive at no very definite conclusions as to their exact synchro-
nism with any particular minor subdivision of Tertiary, not having
been able to identify any of the mollusea found in them with those of
any well marked geologieal horizon in other countries. Their general

! Proceedings of the Academny of Natural Sciences, Philadelphia, Vol. VIII, 1856, p.
G3. (Read March 11.)
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resemblance to the fossils of the Woolwich and Reading series of En-
glish geologists, as well as to those of the great Lignite formations of
the southeast of France, would seem to point to the lower Eocene as
their position.” In view of the fact that eminent geologists with abun-
dant material before them have until very recently regarded the Fort
Union group as of Miocene age, this early hint at their lower position
seems to deserve mention in passing. On the other hand, the extremes
to which certain vertebrate remains from the Judith River beds farther
up the Missouri had led paleontologists in the opposite direction were
fairly anticipated in this carly paper. After commenting upon the
facts which prompted Dr. Leidy to liken the Judith River deposits to
the Wealden of Kurope, the authors add: ¢ Inasmueh, however, as
there certainly are some outliers of fresh-water Tertiary in these Bad
Lands, we would suggest that it is barely possible these remains may
belong to that epoch, though the sheils appear to be all distinet speecies
from those found in the Tertiary at all the other localities in this
region.”

In & sabsequent paper, read November 11th of that year and pub-
lished in the same volume (pp. 265-286), yielding to the weight of author-
ity of the eminent paleontologists who had studied the vertebrate and
vegetable remains, these authors, in the section drawn up on page 269,
place the yellowish sandstones of the Judith in their lowest member of
the Oretaceous (No. 1), along with the darker sandstones of the Big
Sioux, now so well known to characterize the Dakota group,' while the
lignite deposits of the Lower Yellowstone and Fort Union region are put
at the fop of the Tertiary system and designated as Miocene. In an
elaborate paper by Messrs. James Hall and F. B. Meek in the % Memoirs
of the American Academy of Arts and Sciences” communicated June
27, 1854,” a section is given in which the Cretaceous series is subdivided
into five members, corresponding substantially with that published in the
Proceedings of the Philadelphia Academy by Messrs. Meek ani Hayden
(Vol. VIII, 1856, p. 269), as also with that which appeared in the same
publication for December, 1861 (Vol, XIII y P 419), and was reproduced
in Hayden’s First Annual Report of the United States Geological Survey
of the Territories for 1867, where, for the first time, the names by which
the groups have since become so widely known were attached. In this
earliest section of Meek and Hall the Bad Land formation of the Upper
Missouri is placed above the Cretaceous series, and is not subdivided
bat is designated as “ Eocene Tertiary ” and assigned a maximum thick-
ness of 250 feet.

On May 26, 1857, Dr. F. V. Hayden laid before the Philadelphia

' This view seems to have been maintained by Mr. Meek as late as 1860, See Pro-
ceedings of the Academy of Natural Sciences, Philadelphia, Vol. XII (April), 1860,
p. 130.

? Descriptions of new species of fossils from the Cretaceous formations of Nebragka,
&e., Vol. V, 1853, Part IT, Art. xvii (extras dated 1356).
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Academy a rough geological map of the eountry bordering on the
Missouri River, from the mouth of the Platte to Fort Benton, with
explanations.! Aeccording to this map the * Great Lignitic Tertiarvy
Basin” begins at the mouth of Heart River and extends to near the Mus-
cle Shell. 1t also stretehes back on the Littie Missouri to near the base
of the Black Hills and on the Yellowstone to the month of the Big
Horn. He alsolays down ap extensive ¢ Tertiary ” tract lying between
the South Fork of the Cheyenne and the Platte and extending east and
west from the 100th meridian to Fort Laramie. The Judith River Bad
Lands ave also treated as Tertiary, the too deep colorin g of the map being
explained in a foot note on page 110,  Of the Great Lignitic deposit he
remarks that the collections of fossils now obtained show most con-
clusively * * * that it cannot be older than the Miocene period.”
Of the Judith River basin he says that “the impurity of the lignite
forms the most essential lithological difference between this deposit and
the Great Lignite basin below Fort Union.”

Immediately following this communication in the same volume is a
more extended one by Messrs. Meek and Hayden, devoted primarily to
the deseription of new paleontological mateiial from the same general
region, but containing an introductory discussion of the geological
problems involved. Besides sections of the beds above Fort Clarke,
and near the mouth of the Judith, this paper gives a general one for
the whole of this country, in which the “Tertiary system” is now classed
as Miocene.

The first complete section of the “Tertiary ? formations of the West
was drawn up by Messrs, Meek and Hayden, and also published in the
Proceedings of the Academy of Natural Sciences of Philadelphia, for
December, 1861 (Vol. XTII, p. 433). The series is subdivided into the four
familiar groups: 1, Fort Union, or Great Lignitic; 2, Wind River; 3,
White River; 4, Loup River. We are concerned here only with the first,
or lowest member of this series, the so-called Great Lignitic. This is
defined as “ Beds of elay and sand, with round ferrnginous coneretions,
and numerous beds, seams, and loeal deposits of lignite ; great num-
bers of dicotyledonous leaves, stems, ete., of the genera Platanus, Acer,
Ulmus, Populus, ete., with very large leaves of true fan palms.  Also,
Helix, Melania, Vivipara, Corbicula, Unio, Ostrea, Potamomya, and
scales of Lepidotus, with bones of Trionyx, Emys, Compsemys, Croco-
dilus, ete.; thickness: 2,000 feet or more; localities: occupies the whole
country around Fort Union, extending north into the British posses-
sions to unknown distances; also sonthward to Fort Clarke. Seen an-
der the White River group on North Platte River above Fort Laramie.
Also on west side Wind River Mountains.”

Although nothing is said either here or in the more general deserip-
tion which follows of the relation of the Judith River beds to this
formation, we learn from a foot note appended to page 417 that the

! See Proceedings of the Academy of Natural Seiences, Philadelphia, Vol, IX, p. 109,
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idea that it eould be Jurassie had now been wholly given up by the
authors, who had come to regard it as the lower part of the Fort Union
group. This note is as follows: “At the time we published these facts,
we were led by the discovery here of fresh-water shells in such a posi-
tion to think that some estuary deposits of doubtful age near the
mouth of the Judith River on the Missouri, from which Dr, Leidy had
described some saurian remains resembling Wealden types, might be
older than Tertiary, TLater examinations, however, have demonstrated
that the Judith beds contain an entirely different group of fossils from
those found in the rock under consideration, and that they are really
of Tertiary age, and hold a position at the base of the Great Lignite
series of the Northwest.”

In diseussing this same section in the Firgt Annual Report of the Geo-
logical Survey of the Territories, 1867, Dr. Hayden distinetly classes
the Judith River basin with the Fort Union group, and says: ‘ This
basin is one of much interest, as it marks the dawn of the Tertiary pe-
riod in the West by means of the transition from brackish to strietly
fresh-water types. It is also remarkable for containing the remains of
some curious reptiles and animals, reminding the paleontologist of those
of the Wealden of England.”

By this time the more southern extension of the coal-bearing beds
had begun to receive the attention of geologists, and they had been
traced into Wyoming and Colorado and as far sonth as Raton Pass
in New Mexico. Fossil plants had been found at nearly all points, and
their testimony was considered the most unanswerable for the Tertiary
age of the entire group. Indeed, down to 1868, with the single excep-
tion of the alleged Wealden facies of the Judith vertebrates, there was
substantiz! harmony upon this point. The array of names of those
who had committed themselves to this view after thorough study of
the different kinds of fossils is truly formidable, and there ean be no
wonder that when their position was at Iength challenged and the Cre-
taceous age of this great series asserted the confliet of opinion resulting
was sharp and the resistance stubborn. Messrs. Meek, IHayden, Les-
quereux, and, ag Dr. IHayden states,! Leidy, all conceded this. Capt. B,
L. Berthoud had studied the formation in Colorado and inelined to take
the same view.? He says: “Bverything that I have so far seen points
out that the coal is either Uretaceous or Tertiary, but I believe it to be
Tertiary, or of the same age as the coal near Cologne, on the Rhine.”
In an artiele contributed by Dr. Hayden to the American Journal of
Seience for March, 1868 (Vol. XLV, p. 198), he reiterates his views in a
form that indicates that thus far they had met with no serious opposition.

The first dissenting voice to this general current of belief seems to
have been raised by Dr. John L. LeConte, who had investigated the

! Annual Report United States Geological and Geographical Survey of the Terri-
tories, 1874, p. 21.
:irst Annnal Report United States Geologieal and Geographical Survey, 1867, p. 57,
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coal and plant bearing beds lying along the Smoky Hill Fork of the
Kansas River. In his report of a survey of this region! he gives it as
Lis opinion that the lignitic strata of this region are older than those
of the Upper Missouri, which he admits to be Miocene (p. 653). He
states that specimens of Inoceramus were found with the coal in Raton
Pass, indicating its Cretaceous age, and then proceeds to adduce rea-
sons for diserediting the evidence furnished by vegetable remains.

The following year (1869) Prof. E. D. Cope, in an exhaunstivé paper
on the vertebrate paleontology of Ameriea, published in the Transac-
tions of the American Philosophical Society (Vol. XIV), in comment-
ing upon Ischyrosaurus antiquus, Leidy, from Morean River, Great Lig-
nitic of Nebraska, speaks of that formation as “perhaps of the Cre-
taceous age” (p. 40), and with more confidence later on assigns Hadro-
saurus ? occidentalis, Leidy, to the “?Cretaceous beds of Nebraska,”
although Palwoscincus costatus, Leidy, is still kept in the “ upper Juras-
sic Bad Lands of Judith River.” In the tabular exhibit at the close of
this memoir the first of these species is placed in the Cretaceous col-
umn ; the seeond is also placed in that column, but with an accompany-
ing mark of interrogation, while the third is assigned to the Jurassie
column.

The Third Volume of the United States Geological Exploration of
the 40th Parallel, relating to Mining Industry, bears date 1870, and con-
tains an important chapter (VII) from the pen of Mr. King on the Green
River Coal Bagin, in which he maintains that the extensive coal-bear-
ing deposits of this region are chiefly of Cretaceons age, but admits
that the uppermost strata pass into the Tertiary and become fresh-
water beds. He also declares that the true fresh-water Tertiary strata
of the Green River group overlie the coal beds unconformably at all
points. *The fossil life,” says Mr. King, ¢ which clearly indicates a
Cretaceous age for the deepest members up to and ineluding the first
two or three important coal beds, from that point gradually changes
with a corresponding alteration of the sediments, indicating a transition
to a fresh-water period. The coal continued to be deposited some time
after the marine fauna had been succeeded by fresh-water types. The
species of fossils are in no case identieal with the California Cretaceons
beds, whieh oceupy a similar geological position on the west of the
Sierra Nevada. Their affinities decidedly approach those of the Atlantic
slopes, while the fresh-water species, which are found in connection with
the uppermost coal beds, seem to belong to the early Tertiary period.”
And, speaking of the unconformity of strata above referred to, he re-
marks : % Whatever inay be the relations of these beds in other places,
it is absolutely certain that within the region lying between the Green
River and the Wahsatch, and bounded on the south by the Uintah

! Notes on the Geology of the Survey for the extensiou of the Union Pacific Rail-
way, E. D.,from the Smoky Hill River, Kansas, to the Rio Grande. By John L,
LeConte, M. D. FPhiladelphia, February, 1368
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range, there is no single instance of conformity between the coal beds
and the horizontal fresh-water strata above them.”

This ehapter also contains a list of the fossil invertebrata collected
in that region and named by Mr. Meck, accompanied by an interest-
ing letter explanatory of their geologic significance. The fact that
several species of Inoceramus, and some which seemed referable to
Anchura, were positively credited to the coal series, led Mr. Meek to
speak with the greatest cantion as to the age of these rocks; but it is
clear that, but for these facts, conpled with the stratigraphical consid-
erations urged by Mr. King, he would have scarcely hesitated to pro-
nounee it Tertiary. But he lays great stress upon ¢“the fact that these
fosgils are all marine types,” and says: “ From all the facts now known
I ean, therefore, scarcely doubt that you are right in referring these
beds to the Cretaceous.” A paragraph on page 462 gives his reasons
for this conclusion more in full, together with certain gnalifications
which he feels obliged to make, and closes with the remark that the
facts seem to indicate “that these beds belong to one of the very latest
members of the Oretaceous; or, in other words, that they were probably
deposited when the physical conditions favorable to the existence of
those forms of Mollusean life peculiarly characteristic of the Oretaceous
period were drawing to a close or had in part ceased to exist.”

Relative to the age of the so-called Bear River estuary beds, Mr.
Meek expressed himself in this communication with still greater reserve.
These beds had been referred by him and Mr. Henry Engelmann to the
Tertiary in 1860, in a ecommunication made by them to Capt. J. H.
Simpson, and published in the Proceedings of the Academy of Natural
Seiences of Philadelphia for April of that year (Vol. X1I, p. 130). He
admits, however, that they may be Cretaceous, as they belong to the
lower disturbed system elsewhere regarded as Cretaceous. He says
that some of the fossils deseribed by him from the mouth of the Judith
River “are identical with those found in these Bear River estunary beds,”
expresses doubt that the saurian remains from there were really from
the same horizon, and concludes as follows: “While I am, therefore,
willing to admit that facts may yet be discovered that will warrant the
conelusion that some of these estnary beds, so widely distributed here,
should be ineluded rather in the Cretaceous than in the Tertiary, it
geetns to me that such evidenee must either come from included verte-
brate remains or from further discoveries respecting the stratigraphical
position of these beds with relation to other established horizons, since
all the molluscan remains yet known from them (my own opinions are
entirely based on the latter) seem to point to a later origin.””

Prof. O. C. Marsh, in giving an aceount, in the Ameriean Journal of
Science for Mareh, 1871, of an expedition conducted by him the pre-
vious season throngh a portion of the Green River Valley and Eastern
Utah, describes the ceal deposits met with by the party on Brush Creek
with special reference to their geologic age. He says (p. 195): ““As the
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age of the coal deposils of the Rocky Mountain region has of late been
much discussed, a careful examination was made of the series of strata
containing the present bed and their Cretaceous age established beyond
a doubt. In a stratum of yellow calearcons shale which overlies the
coal series conformably, a thin layer was found full of Ostrea congesta,
Conrad, a typical Cretaceous fossil; and just above, anew and interest-
ing crinoid, allied apparently to the Marsupites of the Euglish Chalk.
In the shales directly below the coal bed, eycloidal fish scales and
coprolites were abundant; and lower down, remains of turtles of Cre-
taceons types, and teeth of a Dinosaurian reptile, resembling those of
Megalosaurus, were also discovered.”

The gradual aceeptance ol the Cretaceous character of the coal-bear
ing series of the central and southern distriets did not thus far shake
the opinion of geologists as to the Tertiary age of the Fort Union group.
This is reaffirmed in a very positive manner in the Fourth Annual Re-
port of the Geological Survey of the Territories, 1870 (published in
1871), by Dr, J. 8. Newberry, who bad been long and carefully studying
the vegetable remains collected near Fort Union and along the lower
Yellowstone, and had already published desecriptions of the species.!
At the time this paper was presented there was no difference of opinion
and the evidence of the plants was regarded as simply counfirmatory of
Meek’s conelusions as to the Miocene age of these beds.

Further on in this report (pp. 164, 165) Dr. Hayden discusses the age
of the Wyoming coal strata, and says: ¢ So far as we can determine, the
coal beds of the Laramie plains are of Iocene age, although the plants
are more closely allied to those of the Miocene period of the Old World ;”
amnd again: “That there is a connection between all the coal beds of
the West I firmly believe, and I am convinced that in due time that
relation will be worked out and the links in the chain of evidence joined
together. That some of the older beds may be of upper Cretaceous
age I am prepared to believe, yet until much clearer light is thrown
upon their origin than any we have yet secured I shall regard them as
belonging to my transition series, or beds of passage, between the troe
Oretaceous and the Tertiary.”

In the same report Mr. Lesquereux discnsses the fossil plunts from
Raton Pass, collected by Dr. LeConte, whose views have already been
stated, as well as those brought in from points along the line of the
Union Pacific Railroad and from other parts of the West. He considers
them all Tertiary and ranging from the Eoceue to the Miocene.

In the eorresponding report for 1871, published in 1872, Mr, Les-
quereux describes a mass of new material, and from all the data at
hand essays a number of important generalizations. As he still regards
all the loealities in the great coal bearing series of the West as belong-

INotes on the Later Extinet Floras of North America, with Descriptions of some New
Species of Fessil Plants from the Cretaceous and Tertiary Strata. Annals of the
Lyceum of Natural History, New York (April), 1868. (Read April 22, 1867.)
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ing to the Tertiary formation, the only point of special interest brought
forth is his attempt to subdivide the Ameriean Tertiary into subordi
nate groups based upon the analogies afforded by their floras with
those of established horizons in Europe and elsewhere, Thus to the
Eocene he refers Raton Pass and Purgatory Caiion, in New Mexico;
Marshall’s Mine, in Colorado; Washakie Station and Evanston, in Wyo-
ming; and Spring Cafion, near Fort Ellis, in Montana, as well as Yellow-
stone Lake, which also belongs to the upper district. To the Lower
Miocene he refers Oarbon Station, Junction Station, Medicine Bow,
Rock Creek, and the Washakie group, in Wyoming; and the Fort Union
group, in Montana and Dakota. To the Middle Miocene are referred
Barrel Springs and Muddy Creek, in Wyoming; Henry’s Fork of Snake
River; and Blko Station, Nevada. Among the localities the geological
position of which is marked as unknown are the important, and now
well known ones, Point of Roeks and Green River. In a table of dis-
tribution the data are assumed to exist to Jjustify this classifieation,

Notwithstanding these efforts to sustain the argument for the Ter-
tiary age of the central coal formation of the West, it had been go weak-
ened by the blows of King and Marsh, coupled with the admissions of
Meek, that little remained but the evidence afforded by the fossil plants
in its support, and this, though abundant in quantity, was naturally dis-
trusted, and had been enfeebled by the considerations urged against it
by Le Conte. Meek himself did not hesitate to refer forms of Ostrea
and Anomia, from Point of Rocks on the Union Pacific Railroad and in
the typical Bitter Creek district, to the Cretaceous,’ and now there was
destined to come forward a new discovery of great importance, the full
weight of which fell upon that side of the question. In the summer of
1872 Messrs, Meek and Bannister discovered the bones of a large saurian
near Black Buttes Station in the Bitter Creek series, and Professor Cope
soon after visited the spot and studied the fossils. He laid his results
before the American Association for the Advancement of Science at
Dubugue in August of that year, and published his deseriptions in the
Proceedings of the American Philosophical Society for September 19,
* In this paper he remarks (p. 483) : ¢ From the above deseription it is evi-
dent that the animal of Black Buttes is a Dinosaurian reptile. * * *
It is thus conclusively proven that the coal strata of the Bitter Creek
Basin of Wyoming Territory, which embraces the greater area yet dis-
covered, were deposited during the Cretaceous period, and not during
the Tertiary, though not long preceding the latter.” And, commenting
upon the same subject in the American Naturalist for November, 1872, Le
says: ‘“This discovery places this group without doubt within the limits
of the Cretaceous period.”

Mr. Lesquereux was also in the field this year (1872), and his inves-
tigations, at the request of Dr. Hayden, were specially directed to “ posi-

! Fifth Annual Report United States Geological Survey of the Territories, 1871, p.
376,
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tively ascertaining the age of the lignitic formations.” He visited most
of the important points in Wyoming, Colorado, and New Mexico, and
prepared an elaborate report, in which, it is needless to say, he confirmed
and reasserted his former conelusions as to the Tertiary age of the en-
tire coal bearing series, which he denominates the American Eocene.!

The reports of Messrs. Meek and Bannister were also published in
the same volume. The former expresses himself with his usual caution,
admitting that the invertebrate fossils were inadequate to determine
the age of this group, and that his former reference of certain species
to the Cretaceous was not prompted by the evidence afforded by the
forms themselves (po. 457, 458). Some of the statements made in this
report have aequired special interest in the light of recent investiga-
tions and in view of the gradual settlement of opinion which seems to
be now going on respecting this mueh disenssed question. He says

(p- 460): “The most surprising fact to me, supposing this to be a Cre-
taceous formation, is, that we found directly associated with the reptil-
ian remains at Black Buttes a shell I cannot distinguish from Viviparus
trochiformis, originally described from the Lignitic formation at Fort
Clarke, on the Upper Missouri, a formation that bas always been re-
garded as Tertiary by all who have studied its fossils, both animal and
vegetable. * #* * The ocenrrence of this last mentioned species here,
along with a Cretaceous type of reptilian, and a Corbicula apparently
identical with C. eytheriformis of the Judith River brackish-water beds,
together with the presence of Corbiculas very closely allied to Judith
River species, at, lower horizons in this series, and the oceurrence of
some vertebrates of Oretaceous affinities at the Judith River localities,
would certainly strongly favor the conelusion, not only that this Judith
formation, the age of which has so long been in doubt, is also Creta-
ceous, but that even the higher fresh-water lignite formation at Fort
Clarke and other Upper Missouri localities may also be Upper Creta-
ceous instead of Lower Tertiary.”

From these and other expressions in this report Mr. Meek may be
fairly said to have conceded the Cretaceous age of the Bitter Creek
series, but he insists that the Judith River deposits must go with it
into that formation, while of the Fort Union group his position may be
summed up by quoting his remark that it would take very strong evi-
denece to convinee him “that the higher fresh-water Lignite series of
the Upper Missouri is more ancient than the Lower Eocene.”

The year 1874 found the disenssion of the age of the so-called Ameri-
can Lignitic at its height, A paper in the American Journal of Science
for April of that year, by Dr. Newberry, and a reply to it by Mr. Lesque-
reux in the same journal for June, deserve special attention. The for-
mer malkes bold to say that to his ¢ certain knowledge ” a considerable
portion [that of New Mexico] of the flora which the latter had called

!Annual Report of the United States Geological Survey of the Territories, 1872, pp.
339, 343,
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Eocene in his last report is Cretaceons, and that another considerable
portion [that of the Upper Missouri] is of Miocene age, and he denies
that the flora of any part of the American coal series possesses an Eo-
cene facies. Mr. Lesquereux’s reply is of course a defense of his former
position and is supported by a vast array of faets.

In the first bulletin of the Geological Survey of the Territories, pub-
lished in 1874, Professor Cope, from evidenee sapplied by vertebrate
remains, refers the Great Lignitic of the Upper Missonri to the same
section of geologie time as the Bitter Creek coal series, now settled in
his mind as Cretaceous, and in Bulletin No. 2 (pp. 5-19) appeared an
elaborate report by the same author (reproduced, apparently without
change, in the Annual Report for 1873, also published in 1874 and
later than the Bulleting, pp. 431-446),in which he sums up the evidence
from the side of vertebrate paleontology. In this report Professor Cope
gives Mr. Lesquereux full credit for aceurately co-ordinating the data
furnished by the vegetable remains, and coneludes * that a Tertiary
fora was contemporaneous with a Cretaceous fauna, establishing an wnin-
terrupted succession of life across what is generally regarded as one of
the greatest breaks in geologie time.” His further remark that “the
appearance of mammalia and sudden disappearance of the large Meso-
zoie types of reptiles may be regarded as evidence of migration and not
of ereation,” embodies a thought that has been sinee revived and ex-
tended. s

To this report of Professor Cope, as published in the Annual Report
for 1873, he appends a short disenssion, not eontained in the Bulletin,
in the nature of a reply to the article of Dr. Newberry above referred
to. In the course of this disenssion the following remarks oceur: ¢ If
a flora below the Cretaceous of New Mexico resembles a Tertiary one,
how much more probable is it that the floras of the Lignites of Colorado
and Wyoming are such, as they are known to be of later age than those
of New Mexico, and to be at the summit of the Oretaceous series, as indi-
cated by animal remaing; and if the flora of the Fort Union beds be
Miorcene, that of the identical horizon in Colorado must be Miocene
also ; and if the vegetation below this lora be so distinet from it, what
is more probable, according to the evidence adduced by Dr. Newberry,
than that they are Bocene, as maintained by Mr, Lesquerenx ? That
guch should be the ease is in harmony rather than in confliet with the
facts presented by the existing life of the earth, where we have the
modern fauna of the northern hemisphere contemporary with a partly
Eocene and partly Mesozoic faana in the southern.”

The same volume containg a report by Mr. Archibald Marvine of his
operations during the season of 1873 in the park districts of Colorado.
In treating the ¢ Lignitic formation,” as observed by him, he reviews
the evidence from the plant remains, as interpreted by Lesquerenx, as
well as that furnished by vertebrate life, and says: “ It must be sup-
posed, then, that either a Cretaceous fauna extended forward into the
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Eoecene period, and existed contemporaneously with an Eocene flora, or
else that a flora wonderfully prophetic of locene timnes anticipated its
age and flourished in the Cretaceous period to the exelusion of all Cre-
taceous plant forms. * * * In either case, the fact remains that
here the physical and other conditions were such that one of the great
kingdoms of life, in its progress of development, either lost or gained
upon the other, thus destroying relations and associations which ex-
isted between them in those regions from which were derived the first
ideas of the life boundaries of geological time, cansing here apparent
anomalies.” Ile adds the following important paragraph: “Much of
the confusion and discrepaney has, in my opinion, arisen from regard-
ing different horizons as one and the same thing. It must be dis-
tinetly understood that this group as it exists east of the mountains
in Colorado is very different from, and must not be confounded with,
the horizon in which muneh of the Utah and New Mexican lignite
oceurs, and which belongs undoubtedly to the Lower Cretaceous; and,
further, that the extended explorations of Hayden and others would
seem to prove almost conclusively that the Colorado lignitie group is
the direct southern stratigraphical equivalent of the Fort Union group
of the Upper Missouri, which is considered generally to be no older
than the Eocene, while Newberry asserts it to be Miocene.”

Mr. Lesquerenx returns again, in his contribution to this same
volume, to the defense of his former position. He disposes in a man-
ner of the statement that characteristic Cretaceons molluscan fossils
had been found “above the beds of the lignitic formations” by quot-
ing Messrs. Cox and Berthoud, the collectors of the specimens about
which so mueh had been said, who both show that the conditions nnder
which they oceurred were such as to render their stratigraphical posi-
tion too doubtful to form the basis for such important generalizations.
He reasserts his Delief in “the unity of the Lignitic forination in its
whole,” and reargues the whole case. He also revises his “ groups” and
gives lists of all the species found in each.

In Volnme V11 of the Canadian Naturalist, p. 241, published in 1874,
Mr. George M. Dawson discusses *The Lignite Formations of the West,”
now discovered to extend far up into Canadian territory. He regards
them as of later age than the Cretaceous and accepts the view of Messrs.
Hayden and Lesquereux that the Fort Union group is EHocene. Re-
ferring to the opinions of Cope, he says: “The evidence does not appear
to show that the Oretaceons species were of themselves becoming rapidly
extinet, but that over the Western region, now forming part of this
continent, the physieal conditions changing drove the Cretaceous
maring animals to other regions, and it is impossible at present to tell
how long they may have endured in oceanic areas in other parts of the
werld, This being so, and in view of the evidence of the preponderant
animal and vegetable forms, it seems reasonable to take the well marked
base of the Lignite series as that of the lowest Tertiary, at least at
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present. The formation deseribed belongs to this lowest Tertiary,
being, in fact, an extension of Hayden’s Fort Union group, and from
analogy may be ealled Focene.”

In a more formal paper! published the same year, he also says:
“The formation is, however, undoubtedly an extension of the Great
Lignite or Fort Union group of strata of Hayden, as developed in the
Western States and Territories, * * * These strata immediately sue-
ceeding the Uretaceous rocks are the lowest American representatives of
the Tertiary series and have been called for this reason Locene, though
it is impossible to affirm that their deposit was more than approxi-
mately synchronous with that of the Hocene as constituted in Europe”
(p- 20).

Returning to the same subject a year later in his final report of the
Northwest Boundary Commission,? after familiarizing himself with the
discussions going on in the United States, the same author adheres to
his previous views and remarks: ¢ There seems little doubt, however,
that the general tenor of the evidence of these beds, when considered
alone, favors their Lower Eocene age. Their exact synchronism with the
European Bocene is a question apart from the present inquiry” (p. 186).

Barly in 1875 Professor Cope, who had examined the vertebrate re-
mains sent him by Mr. Dawson from near Milk River, on the hounday
of the British possessions, published a note upon them,® in which he
says: “The genus of tortoises Compsemys, Leidy, is peculiar to the
Tort Union epoch, while Plastomenus, Cope, belongs to the Eocene. 1ts
presence in this fauna wounld constitute an important assimilation to the
Lower Tertiary, but the specimens are not complete in some points
necessary to a final reference. The species are in any case nearly allied
to that genus. There are, however, gar scales included in the collection
which closely resemble those of the genus Clastes of the lower Eocenes
of the Rocky Mountains. This is empirically another indication of near
connection with Tertiary time, but not conclusive, sinee allied genera have
a mueh earlier origin in Mesozoic time. * * * Nevertheless, the list of
species, short as it is, indicates the future discovery of a complete
transition from Cretaceous to Bocene life more elearly than any collee-
tion yet obtained marking this horizon in the West.”

1 Report on the Tertiary Lignite Formation in the Vicinity of the forty-ninth parallel.
By George M. Dawson, Addressed to Capt, 1), R. Cameron, R. A., H. M. Boundary Com-
missioner. British North American Bouniary Commission, Geological Report of
Trogress for the year 1873 [in part]. Montreal, 1874,

2 British North American Boundary Commission. Report on the Geology and Re-
sotrces of the Region in the Vicinity of the forty-ninth parallel, from the Lake of the
Woods to the Rocky Mountains, with lists of plants and animals collected, and notes
on the fossils, By George Mercer Dawson, geologist and botanist to the Commission.
Addressed to Maj. D, R, Cawmeron, R. A., IL M. Boundary Commissioner. Montreal,
1875.

3 Proceedings of the Academy of Natural Sciences, Philadelphia, Jun. 5, 1875, Vol.
XXVII, pp. 9,10.
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Professor Cope's article, from which we made quotations a few pages
back, appeared for the third time in his final report on fossil ver-
tebrates' with very foew changes. It is to be noted, however, that he
no longer proposes to call the lignite deposit the sixth member of the
Cretaceous formation of the West, and referring to the fossils from the
Milk River distriet last mentioned we find him saying ¢ that there are
present two genera in this collection which arve diagnostic of the Fort
Union epoch, but no species eertainly so, though two species are prob-
ably identical with species of that epoch; also * * * that the species
referred to Plastomenus constitute an indication of affinity with corre-
sponding Eocene forms. The presence of gar fishes of the genus Clastes
in this formation is as yet peenliar to this and the Judith River localities.
As these gars have not heretofore been found in North America below
the Eocene, they constitute the first case of apparent commingling of Ter-
tiary and Oretaceous animal life yet clearly determined.” He is careful
to add, however, that the evidence of the Dinosaurs ontweighs these
considerations. '

At this time, when at least one vertebrate paleontologist was begin-
ning to concede that this formation, though apparently Mesozoie, yet
possessed a marked Tertiary facies, Mr. John J. Stevenson came forward
with several papers? from the stratigraphiecal side in support of the
Cretaceous theory. His language is the most positive of any yet em-
ployed, but a eareful examination of his statements shows that his
argument acquired its chief force from the form in which it was put
forward. Such statements as that “everywhere the sandstones of the
Upper Cretaceous present the same lithological character ;” that “not
a single Tertiary species oceurs in the whole series;” that  wherever
animal remains oceur with this fucoid [Halymenites] they are invaria-
bly characteristic Cretaceous species;” that “the evidence in favor of
Cretaceous age is abundant;” that the record of plant life is “little bet-
ter than a blank, with here and there a few markings, many of which are
too indistinet to be deciphered ; 7 that * the only fossils characteristic of
No. 5 ever obtained from Colorado were procared from rocks which are
most probably the very highest strata of the Lignitic series”—would, if
the question were at all one of credibility, as it is not, clearly invalidate
this witness and make his own charge, “ falsus in uno, falsus in omni-
bus,” peculiarly applicable to himself. Mr. Stevenson’s writings, how-
ever, have the merit of defending the essential unity of all the lignitic
deposits,

'Report of the United States Geological Survey of the Territories, Vol. [T, 42, 1875,
pp. 25-41. '

* Proceedings of the Society of Natural History, New York, 2d ser., No, 4, 1874, p. 93
Age of the Colorado Lignites, Reports upon Geographical and Geological Exploration
and Survey West of the One Hundredth Meridian, in charge of First Lieut. Geo, M.
Wheeler, Vol. 111, 1875, pp. 404-410; The Geological Relations of the Lignitic Groups,
Proceedings of the American Philosophical Society, Vol. XIV, pp. 447-475.
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The Annnal Report of the Geological Survey of the Territories under
Dr. Hayden for 1874, published in 1876, contains three very important
papers upon this subject. The first is by Dr. Hayden himself, who
labors effectively to “conneet the coal-bearing. beds of the Laramie
Plains and Colorado with the vast group in the Northwest,” but con-
cedes the Cretaceous age of the Bear River and Coalville deposits. He
says that “above the upper Fox Hills group there are about 200 feet of
barren beds which may be regarded as beds of passage to the Lignitie
group, which more properly belong with the Fox Hills group below. In
this group of transition beds all trace of the abundant invertebrate life
of the great Cretaceons series below has disappeared. * # # Whatever
view we may take with regard to the age of the Lignitic group, we may
eertainly elaim that it forms one of the time boundaries in the geological
history of our western continent. It may matter little whether we call
it Upper Cretaceous or Lower Eocene, so far as the final result is con-
cerned. * * * [Jiven the vertebrate paleontologists, who pronounce
with great positiveness the Cretaceous age of the Lignitie group, do not
claim that a single species of vertebrate animal passes above the horizen
I have defined from the well marked Cretaceous group below.”

The second of these papers is by Dr. A. C. Peale, who has here per-
formed good service in preparing tables to illustrate the progress of
opinion on this subject. In addition to this, however, after stating the
character of his own investigations, he gives it as his opinion that ‘‘the
lignite-bearing beds east of the mountains in Colorado are the equiva-
lent of the Fort Union group of the Upper Missouri, and are Eocene-Ter-
tiary ; also, that the lower part of the group, at least at the locality
two hundred miles east of the mountains, is the equivalent of a part of
the lignitic strata of Wyoming;” but he thinks that “ the Judith River
beds have their equivalent along the eastern edge of the mountains,
below the Lignite or Fort Union group, and also in Wyoming, and are
Cretaceons, althongh of a higher horizon than the coal-bearing strata
of Coalville and Bear River, Utah. They form either the upper part
of the Fox Hills group (No. 5) or a group to be called No. 6.”

Finally we lhave another exhaustive paper by Mr. Lesquerenx, in
which he divides the arguments against the Tertiary theory into five
propositions and answers each in detail. Important discoveries of fos-
sil plants had been made during the year at Point of Rocks, and these
-are made to lend their weight to his argunment. It is needless to say
that his eonclusions remained unchangeid.

The ninth volume of the final quarto reports of the Geological Suar-
vey of the Territories, consisting of Mr. Meek’s report on the inverte-
brate Cretaceous and Tertiary fossils of the Upper Missouri country,
appeared in 1876. In this report Mr. Meek takes the ground that the
Judith River beds are distinet from the Fort Union group proper and
of Cretaceous age, or at least probably so; but he is inelined to believe,
from the oceurrence of similar forms in both, that they are the equiva-



wanp.] HISTORICAL REVIEW OF OPINION. 421

lent of the Bitter Creek series in Wyoming. As to the Fort Union beds,
he adheres to his former opinion, that they represent the lower Eocene.
He depreeates the attempt to unify all the lignite-bearing rocks, and
remarks: #The presence or absence of lignite proves nothing ot itself,
as lignite undonbtedly oceurs in both Uretaceons and Tertiary rocks in
the far West.” In his comparisous of the Fort Union with the Wyoming
deposits he states that the species of the former are all different from
those of the Bitter Creck group, and concludes that these groups at
least cannot be equivalents. Mr. Meek’s eoncluding remarks upon the
conflicting testimony of fossils and its lessons (pp. 1x, 1xi) are a model
of scientific reasoning, and doubtless went far to mitigate the agerbity
of this prolonged debate.

Powell’s Geology of the Uintah Mountains was published the same
year (1876) as the report iast mentioned, and contains an important con-
tribution to the present subject. Professor Powell and Dr. 0. A. White
had gone carefully over the disputed ground of the Bitter Creek dis-
triet, tracing it up to its junction with the Washakie and Green River
beds on the west, and in this volume both these anthorities record their
conclusions, which are in substantial accord. The former remarks (p.
67): “The relation of these groups to those established by Professors
Meek and Hayden on the Upper Missouri is not well determined. * * #
All the evidence that has been published by Dr, Hayden and members
of his corps coneerning the Park Provinee, and all my own observations
in that region, lead me to the conelusion that a long chain of islands
stretehed in a northerly and southerly direction through that region of
country, separating the Cretaceous sea of the Platean Provinee from
the Cretaceous sea of the Upper Missouri.”

Between Black Buttes Station and Point of Rocks Station, on the
Union Pacifie Railroad, these gentlemen discovered a “physical break”
in the series, exposing at the latter point a lower formation; and at this
point they fixed the line between Mesozoie and Cenozoie strata, assign-
ing, in the table of groups on page 40, the Point of Rocks gronp to the
Cretaceous and the Bitter Creek group to the Tertiary. On this subject
Professor Powell says (p. 71): “On account of the discussions which
have arisen concerning the age of certain beds of lignitie coal, the plane
of demarkation between the Cenozoic and Mesozoic may subject me to
criticism; but, geologically, the plane is important, as it represents a
decided physical change, and it certainly harmonizes with the opinion
of paleontologists to a degree that is somewhat surprising. All of the
piants described by Professor Lesquereux and collected by himself and
others within this province have been referred by him to divisions in the
Tertiary, and are found in strata above this physical break, and hence
I agree with him in considering them Tertiary. * * * The conclusions
reached from a study of the vertebrate paleontology by Professors
Leidy, Marsh, and Cope entirely harmonize with this division of the
Cenozoie and Mesozoic. There is a single exception to this: Professor
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Cope deseribed a Dinosaur found near Black Buttes Station as Creta-
ceons. I have verified the determination of the stratigraphie horizon
by examining the place and finding other Dinosaur bones; but this hori-
zon is above the physical break, and the evidence of the Dirnosaur seems
to be contradicted by the evidence furnished by many other species
deseribed by Professor Cope from about the same horizon.”

Dr. White also discusses this question in the same volume, and states
his reasons for regarding the Point of Rocks beds as Cretaceous in the
following words (pp. 83, 84): ¢“There is no physical break between this
group aud the Salt Wells group below it. Its strata contain at least
three species of Inoceramus, which genus has never been known in
strata of later date than the Cretaceous period. Odontobasis, a species
of which has been obtained from near the summit of the group, is re-
garded as a Cretaceous genus ; and in view of the facts before stated,
that land and fresh- and brackish-water mollusks are comparatively
valueless as indices of the passage of geological time, the presence of
no known forms in its strata forbids the reference of this group to the
Cretaceons period.”

On the other hand, the Bitter Creek series proper is referred to the
Bocene, and to the question “ Why has the dividing line between the
strata of the Tertiary and Cretaceous periods been drawn where it is
rather than at some horizon either above or below it?” his answer is:
“There is no physical break in the Cretaceous strata from the base of
the series to the top of the upper, or Point of Rocks group, at which
horizon there is at all observed points, extending over a large region, a
considerable unconformability by erosion of the lower strata of the
Bitter Oreek group upon the upper strata of the Point of Rocks group
(p- 87).2

The second volume of the Reports of the Geological Exploration of the
Fortieth Parallel by Mr. Clarence King, which appeared in 1877, contains
exhaustive papers upon the geology of this region by Messrs. Arnold
Hague and 8. F. Emmons, who had studied the rocks with great care,
Both these gentlemen agree in referring the entire lignite-bearing series
to the Oretaceous. They do not draw the nice distinetion made by
Messrs. King, Powell, and White, but Mr. Hague seems to have no
doubt that even the Carbon coals belong there, while Mr. Emmons sim-
ilarly disposes of those of Evanston. In this report the term Lignitic
is abandoned altogether and the term Laramie is applied to this forma-
tion. Mr. Emmons constantly speaks of the ¢ Laramie Cretaceous” and
the ¢ Laramie group,” the latter of which terms has now been generally
adopted and extended over a much wider area.

In his vice-presidential address, delivered before the American Asso-
ciation for the Advancement of Science, at Nashville, Tenn., August 30,
1877, Prof. O. C. Marsh expressed himself as follows upon the general
subjeet under discussion : “The boundary line between the Cretaceous
and Tertiary in the region of the Rocky Mountains has been much in
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dispute during the last few years, mainly in consequence of the uncer-
tain geological bearings of the fossil plants found near this horizon.
The accompanying invertebrate fossils have thrown little light on the
question, which is essentially, whether the great lignite series of the
West is uppermost Cretaceous or lowest Eocene. The evidence of the
numerous vertebrate remains is, in my judgment, decisive, and in favor
of the former view.”! :

At about this time the researches of Dr, C. A, White, who had be-
come deeply interested in this formation, began to bring forth important
results. His “Paleontological Papers” commenced to appear in 1877,
as contributions to the Bulletins of Dr. Hayden’s Survey,in the third of
which he drew up tables of the groups of the Green River and Upper
Missouri River regions. It was here that he employed the term ¢ Post-
Cretaceous,” to inelude the Laramie group of the King Reports and the
lower third of the Wasatch group, and correlating the Judith River
with the Laramie and the Fort Union with the Wasatch group. In
the fifth of these papers, published the same year, he enters more
fully into the discussion of the age of these groups and remarks:
“With a few doubtful exceptions, none of the strata of the Laramie
group were deposited in open sea waters ; and, with equally few excep-
tions, none have yet furnished invertebrate fossils that indicate the
Cretaceous rather than the Tertiary age of the group. These latler
exceptions are some Inocerami that have been obtained upon the lower
confines of the group, and doubtfully referred to it rather than to the
Fox Hills group below; and also a species of  Odontobasis from strata
near the top of the group, two miles west of Point of Rocks Station,
Wyoming. The latter genus, established by Mr. Meek, is compara-
tively little known, but it was regarded by him as characteristic of the
Cretaceous period. This constitutes the slender evidence of the Cre-
taceous age of the Laramie group that invertebrate paleontology has
vet afforded.

“Again, the brackish- and fresh-water types of Mollusca that are
afforded by the Laramie and the lower portion of the Wahsateh group
are in most cases remarkably similar, and some of the species of each
group respectively approach each other so nearly in their characteris-
ties that it is often difficult to say in what respect they materially differ.
Moreover, they give the same uncertain indieation as to their geologi-
cal age that all fossils of fresh- and brackish-water origin are known
to do. '

“Itis in view of the faets here stated, and also beeause I believe that
a proper interpretation of them shows the strata of he Laramie group
and the base of the Wahsateh to be of later date than any others that
have hitherto been referred to the Cretaceous period, and also earlier

! Proceedings of the American Association for the Advancement of Heience, 1877,
page 220,
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than the Eovene epoch, that I have decided to designate those strata
a8 Post-Cretaceons, at least provisionally.”

By a remarkable coincidence this term Post-Cretaceous was applied
to the lignitie beds of the Trinidad district, New Mexico, by Dr. F. M.

indlich, in the Annual Report of the Geological Survey of the Territo-

ries for 1875 (p. 206), published in 1877; but it is impossible to say
which of these reports should have priority, and as the term has now
been generally abandoned this is quite unimportant.

In the death of Mr., F, B, Meek the science of invertebrate paleon-
tology lost one of its ablest votaries, and but for the fact that Dr. C. A,
White had already enfered the field in this réle as well as in that of
stratigraphical geologist, this department of research in our western
formations might have been sadly neglected. But the now rapidly in-
creasing writings of the latter author fully supplied the place of the
former, and the contest went on. In the Annunal Report of Dr. Hay-
den’s Survey for 1876, published in 1878, Dr. White reports his opera-
tions doring the years 1876 and 1877 in Colorado, in which paper he
takes occasion to draw up a seection of the rocks and to prepare a table
of correlated general sections which are highly instructive. Confining
ourselves to the Laramie group, we see that he adopts that term and
makes it commensurate with his Post-Cretaceous, to which he still ad-
heres, and also with the Laramie of King and the Lignitie of Meek and
IMayden. The Point of Roeks gronp of Powell begins with the Laramie,
but stops at a lower horizon, his Bitter Creek group oceupying the re-
mainder, and the whole of the Wasateh (the Vermilion Creek group
of King). In defense of his course in receding from his former posi-
tion, in which his views agreed with those of Powell, he says: “ After
a careful examination of the extensive exposures of this series of strata,
as well as those of the Wasateh group above it in this distriet, I have
failed to diseover any unconformity such as exists in the valley of Bit-
ter Creek, Therefore, the greatest nneonformity that is now known to
exist among any of the strata from the base of the Cretaceons to the
top of what I here designate as the Post-Cretaceous, is found among
the strata of the latter group, and not at its top. In this district and
the region immediately adjoining it, whatever catastrophal or secular
changes may have meanwhile taken place elsewhere, or even extending
within its limits, sedimentation was evidently continuous and unbroken,
not ounly through this series itself, but also into and through the whole
Wasateh group. ‘

% The fact that this series passes insensibly into the Fox Hills group
below, and into" the Wasatch group above, renders it diffienlt.to fix
upon a stratigraphical plane of demarkation, either for its base or sum-
mit. L have, therefore, decided to regard this group as essentially a
brackish-water one, referring all strata below that eontain any marine
Cretaceous invertebrate forms to the Fox Hills group, beginning this
series with those strata that contain brackish- and fresh-water forms,
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and ending it above with those strata in which the brackish-water forms
finally cease. Thus defined, the whole series seewms to form one natural
paleontological group, as well as to be a sufficiently distinet strati-
graphical one, for which I have adopted the name of Laramie group of
King.”

In giving his reasons for adhering to the name Post-Cretaceouns, Dr.
White further says: “The flora of this group is understood to be wholly
of Tertiary types, according to Professor Lesquerenx. None of its in-
vertebrate fossils are of distinetive Cretaceous types, although fossils
of similar types are known to oecur in Cretaceous as weil as Tertiary
strata. So far, then, as the flera and invertebrate fauna are eoncerned,
there is nothing to indicate the Cretaceous age of the group. Tn faet,
invertebrate paleontoliogy is utterly silent upon the subject. On the
contrary, Professor Cope finds reptilian remains, even in the uppermost
strata of the group, that he regards as of Cretaceous type. I believe
that, upon the evidence of invertebrate paleontology, the Fox Hills
group is later than the latest Cretaceous strata of Europe; and I there-
fore regard the Laramie gronp as oecupying transitional ground be-
tween the well marked Cretaceous and Tertiary groups, but this opinion
is only tentatively held until further facts are obtained.”

The term Post-Cretaceous is employed by both Endlich and Peale in
their reports in this volume (pp. 77, 109, 181).

In his seventh Paleontological Paper (Bulletin U, 8. Geological Sur-
vey of the Territories, Yol. LV, No. 3), distributed in 1878, Dr. White
greatly extends the boundaries of the Laramie group, making it em-
brace “both the Judith River and Fort Union series of the Upper Mis-
souri River; the Lignitic series east of the Rocky Mountains in Colorado;
the Bitter Creek series of Southern Wyoming and the adjacent parts
of Colorado; and also the ‘Bear River estuary beds. together with the
Evanston eoal series of the valley of Bear River and adjacent parts
of Utah,” as well as strata known to exist in other large and widely
separated distriets of the western portion of the National domain, and
he gives a list of species characteristie of the group, showing their dis-
tribution throughout these several districts.

Mr. Leo Lesqnereux's so-called ¢ Tertiary Flora” constitutes the
seventh volume of the final reports of the Geologieal Survey of the Ter-
ritories under Dr. F. V. Hayden, which, of course, embraces the plauts
of the Laramie group. In it Mr. Lesquereux has given full seope to the
expression of his views upon the age of this group, and it is naturally
here that we must look for the most able and exhaustive treatment of the
subjeet thus far presented by this author. In the letter of Dr. Hayden
to the Secretary of the Interior transmitting this report, and which bears
date January 1, 1878, he again reviews this subject and remarks: *The
author states that his final coneclusions do not differ materially from
those already advanced by myself, and he regards the evidence as con-
clusive that the Lignitie group is of Tertiary age. This resultis grati-
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fying, not only as settling the question at issue, but as silencing eriti-
cism of the value and reliability of the general work accomplished by
the survey under my direction.” But in this same letter Dr, ITayden
also declares his conviction, more than once before expressed, but not
as yet, so far as I know, acecepted by either Lesquereux or Newberry,
‘“that the FPorf Union beds of the Upper Missouri River are the equiva-
lent of the Lignitic formation as it exists along the base of the Rocky
Mountains, in Colorado,” as well as of the Bitter Creek series west of
the Rocky Mountains, as argued by Dr. White, and he says: It is
also probable that the brackish-water beds on the Upper Missouri must
be correlated with the Laramie, and that the Wahsateh group as now
defined and the Fort Union group are identical as a whole, or in part
at least.”

As Mr. Lesquerenx's conclusions expressed in this report are the same
as he had held throughont the disenssion, and the arguments not new,
no farther elucidation of them is necessary.

Volume I of Mr, Clarence King’s Geological Reports of the Survey of
the Fortieth Parallel, treating of the systematic geology, and written by
Mr. King himself, did not appear until 1878. His views upon this ques-
tion were looked for with great interest, though it was, of course, to be
expected that they would coincide generally with those of his assistants
already published in other volomes. Notwithstanding the tendency,
- which had been marked for several years, to regard the attempt to as-
sign the Laramie group to either the Cretaceous or Tertiary age as not
only profitless but rather puerile, inasmuch as its relative position in the
western American system was so well settled, Mr. King did not eonsider
it beneath the dignity of this stately report to approach the subject
much from the old standpoint and record his position in nearly conven-
tional terms. He says (p. 350) : “Asgide from the Taconie system, no
single geological feature in all Ameriea has ever given rise to a more
extended controversy than the true assignment of the age of this group.
On data which will presently be set forth, it is assumed by us to be the
closing member of the Cretaceous series, and the last group of the
great conformable system which east of the Wahsateh stretches upward
from the base of the Cambrian.”

The views that had been pot forth in opposition to this he then ar-
ranges into a geries of seven “ assumptions,” which he proceeds to con-
sider and dispose of in the order laid down. As some of these points
are admitted and others not vital, they need not be noticed seriatim ; a
few extracts muost suffice. ITe says (p. 352): “A complete refutation of
assumption three, that the fauna proves a Tertiary, not a Cretaceous age,
is found in the fact that the evidence of a meagre mollusean life and a
large range of plants cannot be held to weigh against the actual pres-
ence of Dinosawria in the very uppermost Laramie beds, and, as will
appear in the sequel, of an abundant lowest Focene mammalian fauna in
the unconformably overlying Vermilion Creek group. * * * Ag-
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sumption number five, as to the conformity of the Laramie with the
Wahsateh group, I shall presently proceed to show, is based upon im-
perfect knowledge, and is abundantly disproved by repeated sections.”

Relative to the Fort Union group, he admits that he had never visited
that locality, but notes the conflieting evidence of vertebrate and vege-
table remains, and Mr. Lesquereux’s silenee upon the latter in his Tertiary
Flora, and remarks (p. 353) that * the further correlation of the upper
plant-beds of Fort Union with the Wahsateh (my Vermilion Creek)seems
the most prodigious strain. The Wahsateh (Vermilion Creek), or un-
mistakable lowest Hocene, is nonconformable with the Laramie. The
relations of conformity or nonconformity between the plant-bearing
beds of Fort Union and the Dinosaurian beds are not given, and there
is reason to believe that the plant beds represent a horizon of the great
White River Miocene series, which underlies the Pliocene over so large a
part of the Great Plains. * * * T apprehend that the plant horizon
at Fort Union will be found to be nothing but the northward extension
of the White River Miocene.”

Professor Cope’s paper on horizons of extinet vertebrata, in the fifth
volume of the Bulletins of the United States Geological and Geo-
graphical Survey of the Territories (No. I, Art. IT), which appeared early
in the year 1879, is of special value as the first attempt to correlate the
Laramie group with Buropean strata upon the evidence of vertebrate
remains. This discussion was repeated without essential change in his
great work which forms Book I of the third volume of the final quarto
reports of that Survey, published in 1884. The general result is a still
further yielding on the part of the writer to the views of the inverte-
brate and vegetable paleontologists against the decidedly Cretaceous
character of the group. He shows in an instruetive way that it bears
a very close relation to the Sables of Bracheux and Conglomerates
of Cerny, which are Hocene, but with this difference, * that the ehar-
acteristic genera of reptiles and fishes of the Laramie of North Amer-
iea are in America associated with Cretaceous Dinoseuria and not
with Mammalic ; while in BEurope they are associated with Mammalia and
not with Dinosauria.” And he adds: “In arranging the Laramie gronp,
its necessary position is between Tertiary and Cretaceous, but on the
Cretaceous side of the boundary,if we retain those grand divisions, which
it appears to me to be desirable to do;” and he admits *that another
formation must be added to the series already recognized in France,
viz, the Laramie, or Post-Cretaceous.” This he does in Lis table of
correlated general sections, on page 50, making the Post-Cretaceons
embrace the Laramie and the Puerco, the former in turn being equiv-
alent to the combined strata of .the Judith River and Fort Union
deposits.

Dr. C. A. White’s elaborate report upon his extensive field researches
made in 1877 appeared in the Annual Report of the Geological Survey of
the Territories for that year, whiel, however, did not see the light till
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1879. Dr. White had spent the entire season in the exhaustive study
of the various outerops of the Laramie in Colorado and Wyoming on
both sides of the Rocky Mountains, and had made large and valnable
collections, which he had worked up with care, and which form the sub-
stantial basis for his conelusions as here set forth. In his * general
diseassion,” which follows the detailed report, starting with *the unity
of all the prineipal brackish-water deposits hitherto known in the
Western Territories, and * * * their recognition as a comprehensive
gronp of strata nnder the name of the Laramie group, which represents
a great period in geological time, and especially such in the geological
history of North America,” he proceeds to diseuss, not so much the age
of the group, as the econditions of its deposition and the geological
history of the western part of the continent following the close of true
Cretaceous time. Into this diseussion, though confessing its superior
importance, we ¢annot here enter, but must be content to cite a passage
or two to show to what eonclusions he had now come relative to the age
of the Laramie group, its geographical boundaries, and the thickness
of its deposits. He says:

« Resting directly upon the strata of the Fox Hills group are those
of the Laramie group, the latter, as already shown, having been, at
least in part, deposited continuously with the former. The geographi-
cal boundaries of the great Laramie formation are not known, but its
area embraces many thousand square miles, for it is known to extend
from Southern Colorado and Utalh nerthward beyond the northern
boundary of the United States, and from the Wahsatch Mountains east-
ward far out on the great plains. It reaches a maximum thickness of
about 4,000 feet, and its general lithological characteristics are similar
to those of the Fox Hills group, a known marine formation. Its fanna,
however, has been shown to be largely of brackish- and parfly of fresh-
water origin, and not marine. Furthermore, the brackish-water species
are distributed throughout its entire thickness and its whole geograph-
ical extent. These facts, together with the absence from all the strata
vet examined of any true estuary charaeters, show that the Laramie
group was deposited in a great brackish-water sea. * * *

“In the foregoing report I have purposely avoided an expression of
opinion as to the trne geological age of the Laramie group, because,
~ notwithstanding the positive opinions that have been expressed by oth-
ers upon that subject, Iregard it as still an open question. * #* * The
claim that Cretaceous types of vertebrates are found in even the higher
strata of the Laramie group is freely conceded, and I have no oceasion
to question the reference that bas been made of its fossil plants, even
those of the lowest strata, to Tertiary types. The invertebrate fossils
of the group itself, as I have elsewhere shown, are silent upon this
snbject, because the types are either unique, are known to exist in both
Mesozoie and Tertiary strata, or pertain to living as well as fossil forms.
Every species found in the Laramie group is no doubt extinet, but
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the types have collectively an aspect so modern, that one almost in-
stinctively regards them as Tertiary; and yet some of these types are
now known to have existed in the Cretaceous and even in the Jurassic
period.

“In view of the conflicting and silent eharacter, respeetively, of these
paleontologiecal oracles the following snggestions are offered: Itisa
well-known fact that we have in North America no strata which are,
according to Kuropean standards, equivalent with the Lower Creta-
ceous of Europe, but that all North American strata of the Cretaceous
period are equivalent with those of the Upper Crefaceous of that part
of the world. That the Fox Iills group is of Upper Cretaceous age
no one disputes, the only question being as to its place in the series,
A comparison of its fossil invertebrate types with those of the Euro-
pean Cretaceous indicates that it is at least as late as, if not later than,
the latest known Cretaceous strata in Europe. If, therefore, that par-
allelism is correctly drawn, and the Laramie group is of Cretaceous
age, we have represented in America a great and important period of
that age which is yet unknown in any other part of the world. DBe-
sides this, we may reasonably conclude that the Fox Hills group of
the West is equivalent with the Upper Cretaceous strata of the Atlan-
tic and Gulf coasts, between which and the Eocene Tertiary of those
regions there is no known equivalent of the Luramie group.

“ If paleontologists should finally agree upon regarding the Laramie
group as of Cretaceous age, it must be because of the continuance of
certain vertebrate Cretaceous types to the elose of that period, and
the presence of mammalian Tertiary types in the strata immediately
following; but the following faets, in addition to those which have been
already stated, should be carefully considered before any such agree-
ment is made :

“With rare and obscure exceptions no mammalian remains are known
in North A werican strata of earlier date than that of those which were
deposited immediately after the close of the Laramie period and npon its
strata. Immediately from and after the close of the Laramie period
their abundant remainsg in the fresh-water Tertiaries of the West show
that highly.organized mammals existed in great variety and abun-
dance; all of which may be properly regarded as constituents of a Ter-
tiary fauna, and many of which are by aceepted standards of distinet
ively Tertiary types. If the presence of these forms in the strata re-
ferred to, and their absence from the Laramie strata immediately be-
neath them, together with the presence of Dinosaurians there, be held
to prove the Tertiary age of the former strata, then was the Tertiary
period ushered in with most nnnatural suddenness. Sedimentation was,
at least in part, unbroken between the Laramie group and the strata
which contain the mammalian remains referred to, so that the local con-
ditions of the origin of all of them were substantially the same, and
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yet, so far as any accumulated evidence shows, those mammalia were
not preceded in the Laramie period by any related forms. Such sud-
denness of introduction makes it almost certain that it was cansed by
the removal of some physical barrier, so that ground which was hefore
potentially Tertiary beeame so by aectual faunal oceupaney. In other
words, it seems certain that thoge Tertiary mammalian types were
evolved in some other region before the close of the Laramie period,
where they existed contemporaneously with at least the later Laramie
Dinosanrians of Cretaceous types, and that the barrier which separated
the faunme was removed by some one of the various movements con-
nected with the evolution of the continent. The climate and other
physical conditions which were essential to the existence of the Dino-
saurians of the Laramie period having evidently been continued into
the Tertiary epochs that are represented by the Wahsatch, Green River,
and Bridger groups, they might doubtless have continued their exist-
ence through those epochs as well as through the Laramie period, but for
the irruption of the mammalian horde, to which they probably soon
succumbed in an unequal struggle for existence.”

From the above extracts it will at once be seen that Dr. White had
now sueceeded in raising this discussion from the comparatively trivial
question as to the name which should be given to the age oceupied by
the Laramie group to one invelving not only the manner in which the
continent was formed, but also the origin, development, extinetion, and
succession of the different forms of life which have left in the rocks a
trace of their former presence as constituting its inhabitants. The
cousiderations last urged have an espeeial interest from the point of view
of vegetable paleontology, which presents a close parallel, though at a
considerably lower horizon.

In the next annual report Dr. White goes over the same ground
and sets forth his views anew, supported by fresh facts. In fixing the
boundaries of the Laramie sea, he says(p. 49): “The geographical limits
of the Laramie group are not yet fully known, but strata bearing its
characteristic invertebrate fossils have been found at various localities
within a great area, whose northern limit is within the British Posses-
sions and whose southern limit is not further north than Southern Utah
and Northern New Mexico. = ILts western limit, so far as known, may be
stated as approximately upon the meridian of the Wahsateh range of
mountaing, but extending as far to the sonthwestward as the southwest
corner of Utah, and its eastern limit is far out on the great plains, east
of the Rocky Mountains, where it is covered from view by late forma-
tions and the prevailing débris of the plains. These limiis indicate for
the ancient Laramie sea a length of about one thousand miles north
and sonth, and a maximum width of not less than five hundred miles.
Its real dimensions were no doubt greater than those here indieated, es-
pecially its length ; and we may safely assume that this great brackish-
water sea had an area of not less than fifty thousand square miles.”
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He reiterates his statement that “ With the exception of one species of
Awxinea, one of Nuculana, and one or two of Odontobasis, no species
usually regarded as of warine types have been found in any of the
strata of the Laramie group,” and pronounces all statements in confliet
with this, even though made by himself, as the result of errors in strati-
graphical determination. Healsorepeats the remark (p.51) that “among
all the invertebrate fossils which have yet been discovered in the strata of
the Laramie group, none of the types are distinetively characteristic of
the Cretaceous period according to any hitherto recognized standard,”
and he addunces a mass of facts in support of the view previously ad-
vocated, ¢ that the Laramie is really a transitional group between the
Cretaceous beneath and the Tertiary above (p. 52).”

In the sixth volume of Prof. Oswald Heer’s gréat work on the Arctic
fossil flora,' the eminent Swiss paleontologist approaches this question
of the age of the American plant-bearing beds. As might be expected,
he strongly defends Mr. Lesquereux’s position as to the Bocene age of
the Laramie group against the arguments of those who would refer it
to the Cretaceous, ITe characterizes the doctrine that the Dinosaurs
became extinet at the close of the Mesozoic as a ¢ dogma,” and, speaking
of Cope’s Agathaumas, says that it by no means proves that a Tertiary
flora was contemporary with a Cretaceous fauna,  for a single animal
does not make a fauna any more than one plant makes a flora,” and
instances the animal forms also found by Cope and others at the same
horizon, which agree better with the Eocene faunas of France.

In the supplement to the third volume of the reports of Lieutenant
Wheeler’s Survey, which bears date 1881, Mr. John J. Stevenson again
discusses the age of the Laramie group, adhering as warmly as ever to
his previous views. As in his former reports, notwithstanding frequent
denials in the meantime, he still insists (p. 154) that “ farther northin Col-
orado characteristic Fox Hills fossils were obtained in abundance near
the summit of the fully recognized Laramie.” This and the further state-
ment (p. 154) that “the fauna is either marine or brackish-water” are
both contrary to the definition of the Laramie group as laid down by
Dr. White, and indicate that this geologist had been unable to distin-
guish the warine from the brackish-water strata. In his final con-
clusion that the Laramie merely eoustitutes the upper part of the Fox
Hills group (p. 158), Mr. Stevenson seems to be sustained by no other
authority, even the stratigraphical geologists, fully aware of the con-
formity of the deposition, not being willing to regard a marine and a
brackish-water deposit as a single homegeneous group.

The Third Annual Report of the United States Geological Survey,
published in 1883, contains Dr, White’s * Review of the non-marine
fossil mollusca of North America,” illustrated by 32 plates, 22 of which
are devoted to species of the Laramie group, all of which are deseribed

! Beitriige zur miocenen Flora von Nord-Canada.  Zilvieh, 1380, pp. 6-10.
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in the text, and which furnish a thorough and complete aceount of the
invertebrate fauna of that group. Inthe “Introductory remarks” which
precede and the “General discussion 7 that follows this “ Annotated
Catalogue,” Dr. White again sets forth his views upon this great series
of rocks, which, however, had nndergone no change. Although he now
drops the term Post Cretaceous, he still regards the Laramie group ‘as
a transitional group between the Cretaceons and Tertiary series, and
therefore as representing a period partaking of both the Mesozoic and
Cenozoie ages.” 1n defining the group anew, he says that “the ¢Judith
River group, ‘Fort Union group,’ ‘Lignitic group, ¢ Bitter Creek coal
series, ¢ Point of Rocks gronp,” and ‘Bear River estuary beds,” are all
parts of the great Laramie group,” but that “the ¢ Wahsateh group,’
¢ Vermilion Creek group,’ and *Bitter Creek group’ are regarded as at
least approximately equivalent strata, constituting the oldest member
of the purely fresh-water Eocene Tertiary series of deposits in the West.”

The most important part of this paper is the acute and suggestive
geognostico biological discussion it contains respecting the origin and
evolution of these brackish- and fresh-water invertebrate forms, but this
is outside of our present limits, and need only be referred to.

The appearance of Prof. Archibald Geikie's new Text-Book of Ge-
ology, containing allusions to western American deposits, ealled forth
from Dr. White s vigorous protest in his article on « Late Observations
concerning the Mollusean Fauna, and the Geographical extent of the
Laramie Group,” in the American J ournal of Science for March, 1833,
in which he pronounces some of these statements erroneous, and says:
I do not hesitate to assert that not one of the molluscan species men-
tioned in that statement was ever found in strata of the Laramie group,
the non-marine forms which he mentions being evidently those which
were discovered by Mr. Meek in an estuary deposit of true Cretaceous
age, at Coalville, Utah. Furthermore, not one of the numerons species
which do characterize that group are anywhere mentioned in the book;”
and, referring to Mr. Stevenson’s writings, Lie says in the sane article:
“That any true Laramie strata ever alternate with those of the Fox
Hills group, or any other marine Cretaceous group, or that any true
marine fossils were ever collected from any strata of the Laramie group,
I cannot admit. I regard all such statements as the result of a misun-
derstanding of the stratigraphical geology of the region in which such
observations are said to have been made.”

Having received a collection of typical Laramie fossils from the State
of Nuevo Leon, Mexico, Dr. White is now able to extend the southern
limit of the Laramie group to that point, and he states that the facts
“glhiow more and more clearly the integrity of the molluscan fanna of
the great ancient intra-continental sea in which the Laramie group was
deposited, and its separateness {rom the faunw of all other North Ameri-
can groups of strata (op. cit., p. 209).”

The latest utterance of this protracted debate is that of Mr. Lesque-
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renx, in his new work just issued from the press on the #Cretaceons and
Tertiary Floras of the Western Territories.”! Ile here consents, in
harmony with the general tendency of the time, to drop the term Eocene
from the title of this chapter and treat simply of the “Flora of the
Laramie group,” without, however, surrendering his convietion that that
group belongs to Eocene time, which he reasserts, although he now
admits that **the flora of the Laramie group has a relation, remarkably
well defined, with that of Sézanne,” to the east of Paris, where the plant
bearing travertines of the Lae de Rilly yield, according to the Marquis
Saporta, the oldest Tertiary flora yet discovered. ITe reviews the re-
cently expressed views of White, Cope, and others, and seems quite
well catisfied with the state of opinion at the date of writing with re-
spect to the age of the Laramie group.

NATURE AND EXTENT OF THE LARAMIE GROUP.

In the foregoing review of opinion I have sought to illustrate the
history of our knowledge of this remarkable formation of American
rocks, and to show how, as that knowledge inereased, the wide fluctua-
tions which eharacterized the period of general ignorance and limited
information gave way to a gradual convergence of views, an equilibra-
tion, as it were, of ideas, whieh is still going on and tending steadily
toward the final settlement of opinion in harmony with all the facts.

I have given speeial prominence to the evidence furnished by animal
remains and by stratigraphy, purposely leaving that from vegetable
remains, generally consistent with itself, undiseussed, because they form
the prineipal subject of this paper and can better be treated by them-
selves in a [uture place and in connection with other problems of greater
real importance than that of their geological age.

Oune of the advantages of the historical method here employed is that
it obviates the necessity of offering any special deseription of the group
under consideration as introductory to the treatment of its flora, the
reader heing now much better prepared to understand such treaiment
than any preliminary explanations of my own could have rendered him.

He perceives, from what has been said, that the Laramie group is an
extensive brackish-water deposit sitnated on both sides of the Rocky
Mountains and extending from Mexico far into the British North
Ameriean territory, having a breadth of hundreds of miles and repre-
senting some 4,000 feet thickness of strata. He can readily see that
when this deposit was made an immense inland sea must have existed
whose waters occupied the territory now covered by the Rocky Mount-
ains. These waters were partially cut off from the ocean by intervening
land areas, through which, however, one or more outlets existed eom-
municating with the open sea at that time oceupying the territory of

!Report of the United Btates Geological Survey of the Territories (Hayden), Vol.
VIII, 1833, pp. 109-114.
6 GEoL——28
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the Lower Mississippi and Lower Rio Grande Valleys. That this great
inland sea spread over this entire territory is not at all disproved by
the absence of Laramie strata from large parts of it, since these parts
are situated, in most cases, in mountainous regions where the upper
strata might be expected to have been generally eroded away.

This Laramie sea existed during an immense period of time and was
finally but very gradually drained by the elevation of its bed, through
nearly the middle of which lengitudinally the Rocky Mountains and
Black Hills now ruu. The exceeding slowness of this event is shown
by the fact, so elearly brought ont by Dr. White, that the marine forms
of the Fox Hills strata, as they gradually found themselves surrounded
by « less and less saline medium on the rising of the intervening land
area, had time to become transformed and adapted to brackish-water
existence, while these new-formed brackish-water species, when the sea
at length became a chain of fresh-water lakes, had time again to take
on the characters necessary to fresh - water Tife.

Dr. White recognizes the fact that the upheaval of the strata that
formed thebottom of this sea took place, not in onenniform process of ele-
vation, but in a prolonged series of rhythmie fluctuations of level, whose
algebraic sum constituted at length a mountain uplift. But the numer-
ous coal seams one above another that characterize the greater part of
these beds, and equally the successive deposits of vegetable remains at
different horizons, spealk even more eloguently than any animal remains
can do of the oscillatory history of the Ded of this sheet of water.

There may have been, and doubtless were, as Major Powell believed,
many islands scattered over the surface of this sea in Laramie time, and
the evidenece generally warrants us in assuming that a low, level conntry
surrounded the sea, with marshy and swampy tracts. The islands and
shores were heavily wooded with timber that can be as certainly known
in its general chavacter as we can know the timber of our present for-
ests.  But that for the greater part of the Laramie period there also
existed at no great distance a large amount of elevated land, there can
be no doubt. The deposits are chiefly siliceous in the southern distriets
and argillaceous in the northern, but the nature of their deposition
points nnmistakably to the existence of large and turbulent rivers that
fell into the quiet sea and brought down from areas of rapid erosion
immense quantities of silt corresponding to the nature of the country
over which they flowed in their course. Where these elevated sources
of this abnndant detritus were then located is one of the great problems
for the present and the future geologist to work ont.

The deposition of this material was almost always quiet, the particles
suspended in the turbid waters of the streams silently settling from
the buoyant waters of the sea as fast as they became distributed abont
the mouths of the rivers, and thus embedding the leaves that periodically
fell in vast numbers into it. The marked absence of fraits, stems, and
other objects that possess considerable thickness shows that this was
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the case, and also affords a rude index to the rate of deposition, since
only such objects could be preserved as succeeded in being eovered ap.
Thus by ascertaining the average rate of decay of vegetable substances
and noting the objects of maximum thickness which are found pre-
served, the time necessary to form a deposit of that thickuess becomes
approximately known,

The discussions with regard to the age of the Laramie group which
have been rapidly passed in review have, perhaps, sufficiently shown
that it is impossible to refer that group either to the Cretaceous or to
the Tertiary and in so doing harmonize all the facts that the group
presents with those in econformity with which other deposits in other
countries of the world have been so referred; but they have also suffici-
ently shown that this is. not the fault of the investigators, but, so to
speak, of the facts, and that the real disagreement is in the organic
forms and the natare of the deposits, so that omniscience itself could
never harmonize them with all kinds of forms and deposits in all parts
of the world. Tt is, therefore, futile, and indeed puerile, longer to dis-
cuss this question, and we can well afford to dismiss it altogether and
settle down to the more serions study of the real problems which still
lie before ns.

One of these problems is often confounded with the question of age,
which should be rigidly distinguished from it. This is the question of
synchronism. If it could be satisfactorily proved that the Laramie
group was deposited at the same absolute time as the iron sands of
Aix-la-Chapelle, the Credneria beds of Blankenburg, or the travertines
of Sézaune, this would indeed be a great gain to science. But as the
animmal and vegetable remains cannot be made to agree, it seems hope-
less to attempt to arrive at complete harmony in this respect. - The
most that ¢an be profitably undertaken is to find two or more deposits
widely separated geographieally in which either the floras, the inverte-
brate faunas, or the vertebrate faunas substantially agree. With regard
to the invertebrate fannas this seems hopeless so far as the Laramie
group is concerned. If that group was deposited in the manner above
deseribed, it would be difficnlt to find another which owed its existence
to identical conditions; and if this state of things has oceurred at more
than one point upon the globe, the chances are again greatly dimin-
ished for it to have occurred at the same period of geologice time. But
even supposing such a combination of coincidences possible, if the
Laramie forms are the modified descendants of antecedent marine
forms, there is no probability that the conditions at any other point on
the earth’s surface could be so nearly identical with those obtaming
there that precisely the same modifications would take place to adapt:
the marine forms to the brackish-water habitat. The chances are.
therefore infinity to one against the existence of other beds that shall
contain an invertebrate fauna identical with that of the Laramie group..
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1t is therefore truly surprising to learn that ¢ several of the species
found in the brackish-water layers at the base of the Bitter Creek
group are closely related to species found in similar deposits in Slavonia
and referred to the Eocene Tertiary by Brusina.”!

With regard to vertebrate remains, this objection does not apply, and
could they be made to harmonize with themselves they might, perhaps,
be trusted to some extent as indices of synchronism in widely separated
localities. But, as shown by Cope, they do not thus agree, for the Lara-
mie forms inclnde genera that are regarded as charaecteristic of Creta-
ceons and others that are regarded as characteristie of Tertiary strata.
This should surprise no one. The law that has been laid down by
paleontologists, that the same epochs in geologic time produced the
same living forms—which is the converse of the assumption commonly
acted upon, that the occurrence of the same forms proves the beds
containing them to be of the same age—is contrarvy to the now well
established principles of geographical distribution, aceording to which
the earth is subdivided into a large number of faunal areas more or less
clearly marked off one from another. The peculiarity of this principle
which is of most importance to paleontology is that these territorial
subdivisions represent fannas not merely different from one another,
but showing different degrees of biologic development as development
is supposed to have gone on in the animal kingdom. Every one knows
that the fauna of Australia belongs to an undeveloped type, being
marsupial in aspeet so far as its mammals are concerned. The types
of South America are lower than those of North America, and the lat-
ter lower than those of Asia and Europe. 1f all the present faunas of
the globe were buried under its soil it is clear that it wonld not only
be impossible to harmonize the deposits of different continents, but
that the inference now freely drawn by paleontologists that the less
developed forms demonstrate their existence at earlier epochs would
lead to grave mistakes and be generally false. New Zealand is now in
ity age of birds, while the Galapagos Islands are still in that of reptiles,
or the Mesozoic age.

VEGETATION OF THE LARAMIE AGE.

Confining ourselves, then, for the future to the other kind of land
life and the only remaining form of life, that of plants, we may look at
the question of synehronism by the light of this class of data from the
same genercal point of view as we have done by the light of the two
kinds of animal life which we have just considered. And, first, what
ought we to expect the flora of the Laramie group to tea ch respecting
the synchronism of its deposits with those of other parts of the wor 1 ?
{(leatly, as in the land vertebrate life, there is no special obstacle to this
form of inquiry, such as the invertebrate aguatic life presents, arising

' D, White, in *‘ Geology of the Umtu. Mountains,” p. 86.
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out of the manner in which the Laramie sea was produced and the
changing constituents of its waters. But all the other difficulties pre-
sent thewselves here as in the case last considered. While the vege-
table remains seem to be more harmonious in pointing to a somewhat
later period of time for their deposition than do those of vertebrate
animals, the impropriety of inferring absolute synchronism from sub-
stantial agreement of forms is here even greater than in the other ease.
Taking the present flora of the globe as a eriterion, we find that the
geographieal distribution of plants is more uneven than that of animals.
Floral realms are more numerous and distinet than faanal realms, and
the more serious obstacle that some areas furnish types representing
less developed floras than others exists here as in the case of animals.
The Proteaceous and Myrtaceons flora of Australia may be regarded as
rudely corresponding to its marsupial fauna.

It is true that the paleontological doefrine of synchronism already
stated is snpported, as against the facts of geographical distribution,
by the well established principle that older faunas and floras were char-
acterized by less variety and greater nniformity of distribution over
the eartl’s surface, which is verified in a remarkable manuver by the
well known uniformity of the flora of the Carboniferous epoch at all
points where it has been discovered. And Baron Ettingshansen has
shown that this principle continued in operation down to the close of
the Tertiary age, though, of course, in a redueed degree, so that the
present extraordinary variety in the floras of ditferent countries mus
be largely attributed to the ageney of the snceessive glacial epochs
which have oceurred since Tertiary time in driving the floras south-

rard and cut on the southern plaing to be destroyed on the return of
warmer climatie influences or compelled to intrench themselves upon
the summits of the mountain ranges, while new and constantly vary-
ing forms became developed o take their places in the lowlands,  Still,
the uniformitarian law, that in its more general aspects the phenomena
taking place on the earth in past geologic ages were the same as those
which are still taking place, forbids us to assume that even as far back
as Laramie time fhe sime or any very similar flora oceupied different
hemispheres of the globe.

This much, however, can be said in favor of the flora of the Laramie
group as affording data for the study of its deposits: that its remains
oceur far more abundantly than do those of any of the other forms of
life. The low forest-clad shores and islands of the Laramie sea, which
probably extended back at many points into extensive lagoons and vast
swamps, were peenliarly adapted for receiving, as its muddy waters
were for embedding, the varions kinds of vegetable matter that found
their way into them. The swamps formed extensive beds of peat, and
vast marshes densely covered with eane, bamboo, and scouring rush
left thick annual aceumulations of vegetable matter which, at points of
slow temporary subsidence, formed the coal beds. The plant beds which
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usnally overlie these coal beds tell us that the rate of subsidence had
now exceeded that of the growth of the deposit and the shallow sea had
gained access, burying the last of the plants under its siliceous or argil-
laceous precipitations where they were preserved. Almost everywhere,
even when mno leaves or twigs are present, we find the stont subter-
ranean rhizomas of the cane and the scouring rush, which, not having te
be eovered up, stood a far better chance to be preserved. But in num-
berless places the profusion of leaves is so great that there is too little
rock between them to render it easy or even possible to separate them
and obtain complete specimens. Above the plant beds, and oceupying
the intermediate strata between these more carbonaceous deposits of
coal, reeds, and leaves, we find thicker and often massive beds of sand-
stone or marl, which seem to denote the presence over the former de-
posits of deep water produced by continued subsidence and the reces-
gion of the shore lines to distances too great for the access of the falling
leaves, and the continuance of these conditions through prolonged pe-
riods of time.

1If now we compare the flora of the great Laramie group, as thus de-
seribed, with its invertebrate fauna, as elaborated by Dr. White, we
find that in its ensemble the former is much more variable than the lat-
ter. The dicotyledonous species differ greatly at different parts of the
area covered by the rocks of this group, so greatly, indeed, that it is
not surprising that both Mr, Lesquereux and Dr. Newberry regard the
TFort Union plants as belonging to a different age from those of the
‘Wyoming and Colorado Laramie. Still, as 1 shall endeavor to show,
this difference is not so great as it at first appeass, and not sufficient
to warrant this conclusion. In the first place, this difference appears
chiefly in the dicotyledonous species, the only marked exception being
that palms occur much more abundantly in the southern than in the
northern districts. The same forms of reed-like plants are common at -
all points, while the Conifera do not differ more than might be ex-
pected on the theory of synchronism. The same is true of the abund-
ant Bquisetums, while very few ferns are found within the group.

Aside from the presence of palms the flora of the lower distriets in-
dicates a difference of climate greater than can be accounted for by the
small difference of latitude. This is proved by the great prevalence of
the genns Fiens and the presence of Cinnamomum, both of which are
rare or wanting in the Fort Uniou group. while in the latter occur a
great variety of Populus common to cold elimates and the genus Corylus
in abundance, absent from the Wyoming and Colorado beds. There are
two ways in which these differences may be explained, or at least an
explanation of them aftempted, without denying the great ditference
of elimate. In the first place, it is probable that the more southern
parts of the Laramie sea were also much nearer the ocean on both the
east and the west sides, and hence enjoyed a more eguable climate, as
well as one more moist, such that few of the trees and shrubs would
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lose their leaves by the action of frosts and that subtropical species,

like the palms, the figs, and the cinnamons, could snbsist. In the second

place, it must be remembered that the Laramie period was a very pro-

longed one, and within it there was time for considerable alteration of

climate on this continent or even on the whole globe. But even ad-

mitting that this was too slight to be perceptible, the changes that took
place in the form of the continent and the distribution of land and

water on it during that time might have been sufficient to produce

marked effects and render the later floras of the Laramie age quite dif-

ferent from its earlier floras.

The Fort Union beds, containing the genera Corylus, Sapindus, and
other forms of recent aspeet not found in the Bitter Creek and Golden
deposits, are believed to be high up in the series; and T have myself
found and explored others within the general district ineluded by that
group which I have proved stratigraphieally to ocenpy a considerably
lower horizon, and in which these forms ol recent aspect not only do
not oceur, but some of the most characteristic Laramie types, such as
Trapa microphylla and Pistie corrugata, do oecur, together with other
forms not previously known as Laramie. In fact, it is well known that
the Fort Union Laramie is everywhere thinner than the more southern
deposits, none of the sections making it over 3,000 feet in thickness.
The beds to which I refer rest immediately upon the typieal Fox Hills,
and therefore represent the lowest strata present in that section. I am
not yet prepared to speak upon the precise aftlinities of this lower Fort
Union flora, not having completed the elaboration of my material, but
1 can say this much, that besides eontaining some of the more southern
Laramie forms, its general aspect indicates a much warmer elimate than
that which prevailed at the time of the deposition of the Corylus and
Viburnum beds above.

Fully eonceding, as I do, that the geological age of the Laramie
group cannot, for the reasons stated, be proved by its flora alone, and
holding that even great similarity of flora would not be conclusive as
to synehronism of deposit, I have still thought it instructive, in view
of the warmth with-which the Cretaceous and Tertiary theories for
the age of this group have been respectively advocated, to make some
general comparisons of its flora with those of the extreme upper Creta-
ceous and lower Tertiary of those parts of the world where the strati-
graphieal position has been settled. In the several elaborate tables of
distribution of the species of the Laramie group which Mr. Lesque-
reux has drawn up and employed to demounstrate its Eocene age, it is
noticeable that he has seemed to ignore almost altogether the existence
of a large upper Cretaceous flora lying entirely above the Cenomanian
and its American equivalent, the Dakota group. In a paper which ap-
peared in the American Jonrnal of Science for April, 1884, I succeeded
in getting together 260 species of Dicotyledons alone from this forma-
tion, which I designated as Senonian, and in a table published in the
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last Annual Report of the Geological Survey (1883-'84, p. 440) I showed
that 354 Senonian speecies were then known, a flora slightly larger than
that of the Laramie group. The principal localities from which this
flora is derived arve: the Iron-sands of Aix-la-Chapelle, the Credneria
beds of Blankenburg and Quedlinburg in the Harz Mountains, numer-
ous deposits in Westphalia, the Gosau formation in Austria, the Lig-
nites of Fuveau in Provence, France, the beds of Patoot, Greenland,
and those of the Peace and Pine Rivers, British America, and of Van-
couver and Orcas lslands on the Pacific coast. All of these beds are
quite definitely fixed in the upper Cretaceous, those of Kurope being
well known. Asregards the others, Professor Heer states that those of
Patoot possess a molluscan fauna identical with that of the Fox Hills
group of North America, and Mr. G. M. Dawson correlates those of ihe
interior of British America with the Niobrara of Meek and IHayden, and
those of the Pacific coast with the Fox Hills. All anthorities agree,
however, that all these beds are lower than the Laramie, and Dawson
makes our Fox Hills the equivalent of the Maestricht and Faxoe beds,
the white chalk, Danian, or extreme upper Cretaceous of Europe.

EXPLANATION OF THE TABLE OF DISTRIBUTION.

The tollowing table aims to give all the fossil plants which have
been thus far anthentieally deseribed and recorded (1) in the Laramie
group as above defined, (2) in the Senonian as last deseribed, and (3)
from the beds that have been unanimously referred to the Eoeene.
This last naturally exeludes the Green River group, which is regarded
as the American Focene of the West by nearly all anthorities except
Mr. Lesquereux. As this one prominent author assigns the Laramie
gronp (as defined by him) to the Eocene and places the Green River
deposits in a higher formation, and as it is chiefly to test this question
that the table and its discussion are intended, it would manifestly viti-
ate the argument to prejudge the guestion by adding the Green River
group to the accepted Eocene.

In preparing this extensive table it hag been my aim to embody in it
as large an amount of information bearing not only upon the age and
synchronism of the Laramie group but also upon all the collateral
problems arising out of a study of the flora of that group as could be
condensed into that amount of space. The plants are systematically
arranged according to the latest botanical classifications, the names of’
the subordinate groups being entered in their proper places and dis-
tingnished by different type. The genera oceupy separate lines and
the number of species represented in each genus is given in each col-
nmn on those lines, the oceurrence of species in the several formations,
being denoted by the customary sign (+) employed by most authors
for this object.

In the vertical arrangement the Laramie group is placed first merely
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becanse it is the gronp under immediate consideration, the Senonian
next, because lowest, and because it is to its flora that it is especially
desired to direct attention; the Eocene properly coming last. The first
subdivision of the Laramie is intended to cover all the beds recognized
by Mr. Lesquereux ag belonging to that group., The Carbon and Evans-
ton coal beds, excluded by him, follow, the two columns covering all
the plants from the central and southern arveas, the third being reserved
for those of the northern districts, generally ineluded under the name
of Fort Union group. To this latter group, as undoubtedly belonging
to a still more northern extension of it, I have assigned the species
named by Sir J. W. Dawson,' as having been found in the Laramie of
the British Provinees. These I have distinguished by the letters B. A.
and the frequent coincidence of these letters with the regular sign for
the species sufficiently attests the eorrectness of this conclusion. Most
of the interrogation points occurring in this column represent eases
where the fossils have been reported from the localitics denominated
“Six miles above Spring Cafion, near Fort Ellis, Montana,” ¢« Yellow-
stone Lake,” “ Elk Creek,” and “Snake River.” These plants arve all
classed by Mr. Lesquereux in his first and lowest group, or true Laramie,
but npon eareful investigation I am tolerably well satisfied that they
belong to the Fort Union deposits. Their northern position and the
known fact that these deposits extend far up the Yellowstone and Mis-
souri Rivers would naturally favor this view, but it is the internal
evidence afforded by the species themselves which is most convineing,
A large proportion of the forms from this loeality are also found in the
true Fort Union beds and among these oceurs Platanus nobilis, other-
wise wholly characteristic of these beds. If iy true that one species of
Fieus and one palm ocenr here, but the genus Ficus is no longer ex-
claded from the Fort Union group, while the ocenrrence of palms in
that group has been recognized from the first.

The several acknowledged upper Oretaceous beds enumerated on a
previous page are each given a separate column, and five of the most
characteristic Eocene localities are also thus distinguished, the sixth
column being devoted to several less important and some outlying beds
referred to that age. In the last eolumn the several localities which
have been set off by some authors from the true Eocene and classed as
Paleocene are grouped together. The prineipal beds of this class are
the Travertines of the Lac de Rilly near Sézanne, to the east of Paris;
the supra-lignitic deposits about Soissons, the “ Sables de Bracheux;”
and the so-called “Marnes Heersicnnes” of Gelinden, all situated in
Northern France and adjacent Belgian territory and immediately join-
ing the only slightly lower Maestricht deposits.

The three broader columns which complete the body of the table

YOn the Cretaccous and Tertiary Floras of British Columbia and the Northwest
Territory. Transactions of the Royal Society of Canada, 1883, pp. 15-34, P1. I-VIII
(see list of Laramie plants on page 32).
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merely sum np the data contained in these more detailed entries and
exhibif the three formations side by side in compact form for ready
comparison.

To this are added eleven columns for the purpose of indicating the
verfical range of both the genera and the species. The first of these,
in whieh the letter referring to the foot-note is substituted for the con-
ventional sign, shows those forms which oceur below the Cretaceous,
the foot-notes showing the formations in which found. The headings
of the other ten eolumns sufficiently explain themselves.

The geographieal distribution of living genera, so far as practicable,
and of genera closely allied to extinet ones, is also given in foot-notes, and
the number of species of living phenogamous genera, as estimated by
the highest botanical authorities, is indicated by figures in parenthesis.
The importance and significance of this feature will be discussed in the
“proper place.
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DISCUSSION OF THE TABLE OF DISTRIBUTION.

In attempting to compare and discuss a few of the more salient points
which this table brings to light, it will perhaps be most convenient to
consider the several groups of the systematic arrangement in their de-
scending order from the primary subdivision into the two great series
down to the ultimate subdivision into species. Preliminary to this a
few of the leading facts need to be set down.

The whole number of species enumerated in the table is 1,540, of
which 286 are Cryptogams and 1,254 are Phanerogams. The Crypto-
gams congist of 119 cellular and 167 vascular, and the Phanerogams of
115 Gymnosperms and 1,139 Angiosperms. The Angiosperms embrace
160 Monocotyledons and 979 Dicotyledons, and this last subelass is
made up of 467 apetalous, 406 polypetalous, and 106 gamopetalous
plants. These are the primary groups into which the vegetable kingdom
isdivided in the natural system, and, with the occasional exeeption of the
last two, vegetable paleontologists almost unanimously adopt the orderin
which they have just been stated, which is also that of the table. They
do this chiefly becanse it best represents the orderin which these groups
have appeared in the geological history of the earth, and their relative
abundance in the several ascending strata. This, however, is true only
as a general proposition, and may not hold in special cases, particularly
when adjacent formations are compared. It cannot, therefore, be ex-
pected to prove literally true of the three formations we are here consid-
ering, nor to have any very great weight in determining the age of the
Laramie group. Doubtless if we knew the entire flora of that group, and
also the floras of the upper Cretaceous and the Eocene, snch a compari-
son would have considerable weight and serve in large measure to fix
the time at which the first of these floras flourished relative to that of
the other two. But while we need not anticipate great results in this
direetion with things as they are, our table enables us to make this com-
parison, and it will be interesting, to say the least, to do so.

In comparing the leading floral elements of these three formations,
however, it is evident that we cannot nse the net figures as given above,
on account of the ocenrrence of a considerable number of species in
more than one of them, sometimes in all three. The number of such
coincidences amounts in our table to twenty-four, making the gross en-
tries in the three columns 1,564 instead of 1,540, and the former of these
numbers must be taken as a basis of comparison. These slight additions
will be scattered through the different groups, affecting them all more or
less. The changes will not, however, at all vitiate the conclusions to be
drawn. It is clear that the element to which we must attend is the
proportion which the several vegetable groups bear to the total num-
ber from each formation, and that a comparison of these percentages in
the same group for the three formations will afford us all the basis there.
is from which to draw conclusions.
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The data may be econdensed in the following form :

| Laramie, Senonian. Focene.
Systematic groups. =3 =3
Number. | Parcent. | Number. | Per cent. | Nwmbern | Per cent.
ANl plants . ..ove i i e | 823 100. 0 362 100.0 879 100, 0
Crylogamin. . ..oousin | 48 14.9 a7 26.8 143 16.2
BEHRIED, oo e sz | 13 4.0 18 5.0 89 10 1
WRBCHIAT =2 - ootz at g 43 10.9 7 21.8 o4 151
PHE®nogams se e, ianmyasorens . 275 85,1 265 | 73.2 736 83.8
Gymnosperms ........ 18 5.6 43 122 58 6. 6
ANLIOSPETIS ©covvnsann | 957 0.5 299 ‘ 61.0 BTE 7.2
Monocotyledons coeevsvanaas | 31 9.6 28 6.4 107 12.2
Dicotyledons . .....__._...... 226 60.9 109 ‘ 546 Y1 | 65.0
Apetald cueen . 119 36.9 116 a7 241 27.5
Polvpetale ... - B4 26,0 46 l 18,2 263 20,9
Gamopetal ........... ‘ 93 7.0 17 & 67 I 7.6
I

An examinafion of these percentages shows that little light is thrown
by them upon the relative age of the Laramie group. While in the Se-
nonian, as theory would require, the Cryptogams have a higher propor-
tion than in the other formations, it will be observed that they have a
smaller proportion in the Laramie than in the Eocene, which is confrary
totheory. This anomaly, however, is caused by the irregnlar represen-
tation of the eellular Cryptogams, which generally have inereased with
the later epochs and do not represent the waning types of the ancient

- floras. The vasenlar Cryptogams, however, do this, and itis to them that
we must look for the confirmation of the theory, if it is to be confirmed.
We find that it is here confirmed with sufficient accuraey, the Laramie
oceupying a position intermediate between the Senonian and the Hocene,
though considerably nearer to the latter.

In the Gymnosperms we find the same anomaly as in the total Cryp-
togams, which in both cases is evidently due to the great predominance
in the Laramie group of dicotyledonous forms. That group is, however,
exceptionally rich in Monocotyledons, approaching the Eocene in this
respect, while this type is meagerly developed in the Senonian. It is
the great predominance of palms in the lower Laramie that has led Mr.
Lesquereux to insist upon its Eocene facies, and this is certainly evi-
dence not to be ignored. It is known that this type reaches its maximum
development in the Eocene, and that to its predominance the special
character of the Eocene flora is largely due. If, however, the Laramie
group includes the Fort Union beds in one great deposit, with an exten-
sive north and south range, its combined flora will certainly greatly
reduce the percentage of these Hocene types, for we must recollect, and
I hope soon to demonstrate this fully, that, so far as now published, the
flora of the sonthern districts is given a wholly undue prominence and
that of the northern remains as yet for the most part undeseribed. Still,
this is an anticipation which is out of place here, since the object of
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our present research is to inguire into the characteristics of the Laramie
flora as hitherto published and made known.

The great profusion with which the Dicotyledons are represented in
all these floras—amounting to considerably over half the species even
in the Seuonian, over two-thirds in the Laramie, and nearly two-thirds
in the Eocene—makes this group of plants a somewhat more reliable
term of eomparison than any of the less abundantly represented types
thus far considered. Whatever may be thought of the proper place of
the Gamopetalse, so sparingly preserved for us in the fossil state, it is
universally admitted that the Apetalie,or Monochlamydese, with their nu-
merous amentaceous genera, furnished the earliest representatives of
dicotyledonous vegetation, and that the forms with two floral envelopes
(Dichlamydea:) came later and form a higher type of plants. If we ex:
amine the percentages here, we find that the law holds true for the Poly-
petalie and Gamopetal®, which are the rising forms, or at least were
so during all three of the epochs under consideration. The percentage
is least in the Senonian, intermediate in the Laramie, and highest in the
Eocene. In the Apetala, however, the maximum development appears
in the Laramie instead of in the Focene, which is not easily explained
and probably will not continue to hold true with the mmore complete
elaboration of that flora. These comparigsons ave with the total floras
of the several groups, but perhaps a more interesting result will be ob-
tained if we consider the Dicotyledons by themselves, and then find the
relative proportions which the snbdivisions bear to the whole in the
three formations, Sueh a comparison will show that in theé Laramie
group the Apetal® are 53, the Polypetalee 37, and the Gamopetals
10 per cent. of the Dicotyledons; that in the Senonian the Apetalse arve
58.5, the Polypetal® 33, and the Gamopetala 8.5 per cent. of the Dico-
tyledons ; and that in the Eoecene the Apetale are 42, the Pelypetale
46, and the Gamopetala 12 per cent. of the Dicotyledons. On the theory
that these types progressed in the order named and that the Laramie
is intermediate between the other two formations, the relative number
of apetalous speecies should diminish as we pass from the Senonian to
the Eocene, which is the case, viz: Senonian,58.5; Laramie, 53; Eocene,
42, The relative number of Polypetala, ou the other hand, should rise
with the age of the strata, and this we also find to be the case : Senonian,
33; Laramie, 37; Hocene, 46. The Gamopetala should also rise with the
strata, but more rapidly. The figures are: Senonian, 8.5; Laramie, 10;
Eocene, 12. These eoincidences of fact with theory are interesting, and
in view of the circumstance that they continue to hold from the Ceno-
manian below to the Miocene above,' they can scarcely be regarded as
wholly without significance.

The advantage of comparing such large elasses eonsists in the tend-

1 8¢e Fifth Annnal Report of the United States Geological Snrvey, 188384, pp. 449,
460, For similar data lor the eomparison of the floras of other formations, sec table
on pages 440 and 441,
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ency of this method to eliminate the disturbing element of geographical
distribution, which, as we shall soon see, is the chief obstacle to exact
results in the consideration of genera and species. The species may all
differ, the genera may be more or less local, even the orders may pre-
vailin certain continents or hemispheres, but the relative predominance
of such great types as the vaseular Cryptogams, the Gymmnosperms, or
the Dicotyledons may depend chiefly upon the period in the history of
their development, and, therefore, afford a measure of time which is as
much more reliable as it is more rade and general than that afforded by
the narrower groups of vegetation. Viewed in this light, the data thus
far considered, while suggesting nothing more definite, may be fairly
claimed to prove that the Larainie age was considerably later than that
of the Benonian, and somewhat earlier than that of the Eocene flora.

In the classification of plants according to the natural method the
next subdivision after the ones we have just considered is that into
natural families or Orders. In certain large systematic works, it is true,
an intermediate group is often introdneed, usually called the Colort,
but it will not be necessary or convenient in the present case to treat
this subdivision separate from the Order. In the cellular Cryptogams
the clagsification is very unsettled, and the several groups receive dif-
ferent systematic values. The Fungi, Lichens, and Algw® are not always
regarded as orders, but they are so rare in a fossil state and of so small
importance from the chronological point of view that they may he ¢on-
veniently so regarded here. Four species of Fungi, consisting chiefly
of spots on dicotyledonous leaves (Spharia, Tall) have been deseribed
from Laramie strata, while only one such has been reported from the
Senonian and only two from the Eocene. The only lichen referred to
any of these formations is an Opegrapha from the Laramie. Nearly a
hundred species of supposed Alga have been published from the three
horizons, three-fourths of which are Eoeene, embracing a large number
of doubtful forms described (and often not figured) by Massalongo from
Monte Bolea, ete. The Laramie tarnishes only eight and the Senonian
seventeen, Their diagnostic value may be set down as nil. Twelve
Charace:e (all belonging to Chara) and fonr Muscinem all from the
Eocene, complete the cellular Cryptogams, which, for our present pur-
pose, might as well have been omitted from the table.

The Filices, or Fern family, constitute an important order from the
point of view of this discussion, furnishing 154 species. As the wanin z
deseendants of Carboniferous types that predominated throughout the
earlier history of the globe, we naturally expect them to eontinue to
bear in point of abundance some relation to the age in which they are
found, the earlier to have precedence over the later. The assumed
position of the Laramie group between the other two is borne out by
this order, for, although a larger actual number of species oceurs in the
Hocene than in the Laramie, this number is less in proportion to the
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total of the two floras. The Laramie flora is 21 per cent. of the three
sombined floras, the Senonian is 23 per cent., and the Eocene 56 per cent.
The quota of each, therefore, were they all of the same age, would be:
Laramie, 32; Senonian, 36; Eocene, 87. It will be seen that the Seno-
nian far exceeds its proportion, even assuming for’it a considerably
lower position. We are thus foreed to see in the Senonian flora a much
stronger Mesozoie facies than in either of the other groups. No family
of plants brings out this fact more clearly than that of the Ferns, but it
also speaks with equal anthority upon the position of the Laramie below
the recognized Hocene plant beds as thus far known.

The Rhizocarpee, Equisetaces, and Lycopodiaces can best be men-
tioned when we come fto consider the genera, and we will now pass to
the two gymnospermous orders, the Cycadacer and the Coniferse. The
Cyeadaces, although they have barely survived into modern time, are,
as is well known, a characteristic Mesozoie type of vegetation, having
attained their maximum development in the Jurassie. They form an
insignificant part of the Cretaceous flora and nearly disappear with
the Tertiary. The only Laramie species rests upon a single specimen
found at Golden, Colorado, and referred by Mr. Lesquereux to the
genus Zamiostrobus. Yet seven species belonging to almost as many
genera are recorded from the Senonian, again reminding us of the Meso-
zoic age of this flora.

We are thus brought to the consideration of the Coniferse, which is
one of the most important orders in the vegefable kingdom for the pa-
leontologist. In the three formations under eonsideration this order has
thus far yielded 107 species, of which 17 are found in the Laramie, 36 in
the Senonian, and 58 in the Eocene, there being four coincidences.
The even quota of each would be: Laramie, 23; Senoniau, 26; and
Hocene, 62.  As the Coniferse probably attained their maximum devel-
opment in the middle Cretaceons, that is, earlier than any of the three
epochs we are considering, the older of these epochs should show an
excess over this quota and the younger a defieit. The Senonian shows
sueh an excess and the Eocene sueh a defieit, but the Laramie also falls
below even farther than the Hocene, which, in so far as the evidence of
this order goes, gives it a more modern aspeet than the Eocene.

Passing to the monocotyledonous orders, we find them, with the ex-
ception of the Palm Family, too small to afford any reliable ¢riterion
for the settlement of questions of age. The Naiadacer and Graminese
are the only other orders at all approaching the palms, and both these
display deeidedly modern characteristics, compared with any of the types
hitherto considered. 1t the palms reached their highest state and great-
est abundance in Hocene time, the grasses did not probably attain this
position before the close of the Miocene, and it may be doubted whether
they have attained it at the present time. The same may be said for
the Cyperaces and perhaps for the Naiadacese. The Liliacem and Sei-
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tamine® may have deeclined somewhat, as have more probably the
Aroides. 1t is at least evident that in considering the monocotyledo-
nous orders we are confronted by a set of conditions the reverse of those
we mot with in the ferns and the Coniferwe, viz: all our formations are
now below the period of maximum development of the group under
consideration, and the opposite results must be expected. These, in
fact, we find. The palms furnish 60 speeies, which, evenly distributed,
would give the Senonian 14, the Laramie 13, and the Eocene 333 bug
the Senonian gets ouly 4, while the Laramie gets 17, the Eocene afford-
ing the remaining 39. In this important order, therefore, the Laramie
is about as fully represented as the Bocene, a tact which has been used
to its full extent in argning for the Bocene age of the Laramie group.
If, however, we take the other monocotyledonons orders together, we
find that the Laramie (14) falls considerably more below its quota (21)
than the Senonian (19) falls below its quota (23), which might eqmally
be taken to argue its Cretaceous age.

In discussing the numerous dicotyledonous orders, we can only select
those which are most important, either from their abundance in the fos-
sil state or from certain peculiarities or anomalies which they present.
As all trace of the earliest beginnings of this great subelass is still with-
held from human observation, it is difficult to describe the rise and de-
cline of its several subdivisions, but it seems probable that the mono-
chlamydeous forms were not only the earliest to appear, but that at the
period when we first make their acquaintance (the middle Cretaceous)
they had nearly attained their acme of growth and diversity. We then
find the large families Salicinere, Cupuliferwe, Urticacew, and Laurinese
in great profusion and highly developed, while many forms which are
now dichlamydeons, though they might net then have been 80, had
already come upon the scene. TIn examining some of these large orders,
the prineipal question we have to ask is, Does their occnrrence in
the Laramie group more nearly resemble ‘that in the Focene or in the
Benonian, or rather, assuming that the divergence of the Senonian and
Eocene; as known guantities, indicates difference of age, does the diverg-
ence of the Laramie from the Eocene indicate for that group an age at
all earlier than the latter? The comparison, as in former cases, must
be with even quotas and not with the actual figures. The Salicines
farnish 56 species to the three formations. The quota of the Eocene
would be 31, and we find 16 ; that of the Senonian should be 13, and we
find 14, An intermediate position would make the Laramie fall some-
what short of its quota (12). As a matter of fact it more than doubles
it (26). So far as this order would indicate, therefore, the Laramie
would be decidedly sub-Senonian. This is due to the great predomi-
nance of the genus Populus in the Laramie group, of which more will
be said hereafter.

The Cupuliferee furnish 146 species. Of these the Eocene has 58,
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a number about one-third below its quota (82), while the Senonian has
52, a number as much above. The Laramie occupies a strietly inter-
mediate position, yielding 36 species, or five more than its quota. In the
Urticace® the Laramie deviates more from the Eocene than does the
Senonian and in the same direction as in the Salicinew, while in the
Laurinea the deviation is again intermediate. In the Joglandew we
again have the Laramie showing an exaggerated Mesozoic tendeney.

We thus see that none of the apetalous orders give the Laramie the
same position, from this numerical point of view, as the Eocene, all
placing it lower and either intermediate Letween the Eocene and the
Senonian or below the latter.

The principal polypetalous orders are the Araliaces, the Myrtacess,
the Rosacew, the Anacardiaces, the Sapindaces, the Rbamne:s, the
Celastrinews, the Sterculiacew, and the Magnoliace. They are mueh
more decidedly Eocene in aspeet than the apetalous orders, but less so
than they appear with the proportionally large figures in that columnn.
In fact, the Eocene generally only slightly exceeds its quota for the three
groups after equalization as explained above, and in the Rhamnez and
Magnoliacew it falls below it. A eareful inspection of these nine orders
shows that in two eases (the Rosace® and the Sterculiaces) the Laramie
holds an intermediate place between the Eoeene and the Senonian, that
in four cases it holds a place below the Senonian, while in three cases
(the Anacardiacew, Sapindace:w, and Magnoliaces) its position is indi-
cated as slightly higher than the Eoeene,

The gamopetalous orders are small and their indications are readily
deduced from a casual inspection of the table. The two largest, the
Ebenacew® and Oaprifoliacese, consist entirely of the two genera, Diospy-
ros and Viburnum, respectively, and can be treated under the head of
genera. Taking all the gamopetalons orders {ogether, the Laramie is
seen to oecupy an intermediate position between the Senonian and the
Eocene.

In examining the orders represented in the three formations under
consideration, especially the smaller orders, a marked tendency is visi-
ble toward the confinement of entire ones to one formation. This is
due to geographical peculiarities, a characteristic which, when we come
to study the genera, ean be no longer ignored.

We are now prepared to eonsider our subject from the point of view
of the genera, and before going further it will be necessary to point
out some of the difficalties of this method. In vertebrate paleontology
the genera are nearly all extinct, and thervefore the paleontologist
may here legitimately employ his genera as rveliable data for the
determination of the age of the formations to which they are confined.
In vegetable paleontology this is by no means the case. Of the 854
genera represented in the three formations only 165 are extinet, and
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many of these are so similar to living genera as to be designated by
the same names with modified terminations, such as ites, opsis, ete., and
such forms are, with better material and more careful study, being con-
stantly made to take their places as true living genera. The vertebrate
paleontologist, therefore, deals with genera as the paleobotanist does
with speeies, and in faet, as is well known, in this department of zoology
the term “genus” is given a much more limited meaning than it is in
botany, and a rank not far above that of *species” among plants. This
is doubtless in great part necessary, and due to nature having drawn
classilicatory lines, so to speak, at somewhat different points in different
scales of being. But it is elear that the paleobotanist cannot compare
his genera as the vertebrate paleontologist compares his for the seide-
ment of questions of geologic age. It is, however, true that certain
genera which flonrish at the present day predominate in certain forma-
tions and are rare or absent in others of later age, 80 asin a true sense
to be characteristic of such formations. This does not prove that they
subsequently dwindled away and then revived at a still later date,
although this might, and probably sometimes does, occur. But the ox-
planation is that several beds of different age are usually in different
parts of the world, and the flora of the globe in past time, as at present,
has sustained different types of vegetation at different points on its
surface. Or, if the beds are nearly over each other, 4. e., not far sep-
arated geographically, the predominance of certain genera in lower that
are rare or absent in higher strata must be explained on the hypothesis
of migration or by supposing that the nature of the conntry at the two
points was very different at the time of the respective deposits. It
thus comes about that when we speak of the Laramie tlora we refer to a
definite geographical area at a definite period of time, and when we speak
of the Hocene flora we mean the beds ocenrring at the localities named
on our table and a few others grouped together in the last column but
one, It the reader will take the tronble to inspeet the columns of the
table in which the Senonian speeies are set down he will find that a very
marked distinetion exists between those of Burope on the one hand and
those of America and the Arctic regions on the other, and that the lat-
ter resemble mnech more closely those of the Laramie group. This is
entirely beecause they are in nearer geographical relationship with them.

But it must not be forgotten that genera are capable of great modi-
fications without rendering a change of name necessary, and the prae-
tice among paleobotanists has beento erowd everything into living gen-
era that they will contain without doing violence to their accepted at-
tributes. Therefore, an Bocene ora Oretaceons genus, thongh still living,
may embrace forms widely divergent from those now recognized under
the same name, so that such genera may really be characteristic of those
formations as strictly as though they had become extinet at their elose.
The principal intereést, therefore, centers upon these characteristic
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genera, by which term we do not here mean either that they are extinet
genera, or that they do not oecur in higher strata (e. g., Miocene), or
in lower (¢. ¢., Cenomanian), or that they are wholly excluded from
either of the three formations, but simply that they predominate in some
one relatively to the other two. ‘

As already stated, the whole number of genera represented in the
three formafions is 354,  Of these, 32 are confined exclusively (so far
as these formations are eoncerned) to the Laramie group, 62 to the Se-
nonian, and 155 to the Eocene; 49 are common to all three formations,
6 are found in the Laramie and Senonian, but not in the Hocene, 23 are
found in the Laramie and Hocene and not in the Senonian, and 27 are
absent from the Laramie and found in both the other formations. The
number found at only one horizon is therefore 249, the number ocenr-
ring at two horizons 56, and the number at all three 49. The number
ranging from the Senonian to the Eocene, and therefore, regardless of
the Laramie, certainly belonging to both Mesozoic and Cenozoic time,
is T6.

The discussion of the genera may be conveniently separated into two
parts, one of which shall be devoted to the consideration of the evi-
dence in faver of synehronism, and the other to the subject of geograph-
ical distribution. The first of these subdivisions will have nothing to
do with any of those genera which are, in the sense here employed,
characteristic of any one of the three formations, but must be confined to
those that are common to two or all three. Such genera, moreover, as
are nearly equally represented in each of the three formations can Liave
no weight in establishing the affinity of the Laramie with the one rather
than the other, and must also be excluded from our primary compari-
sons. A [arther exclusion must be made of those genera which are
common to the Senonian and the Eocene but absent from the Laramie,
since both these formations are treated as known quantities, and com-
parison of their common elements could lead to no new results. We are
therefore really reduced to such genera as are either confined to the
Laramie and Senonian or to the Laramie and Hocene, or are so nearly
thus confined as to be fairly characteristic of the two. Indeciding such
eases we may also properly exclude very small genera, such for instance
as are represented by only one or two species in each formation, unless
these species be specially diagnostic or very abundant; but we must
not at any time lose sight of the fact that it regnires about two and a
half species in the Eoeene to have the same weight as one in either of
the other formations.

After carefully scanning the table, I have selected such genera as I
think fairvly illustrate this point, and they may be set down in their
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systematic order in two opposing columns, with the number of species
belonging to each :

=
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(zenera. L. | 8 | B Genera. I. i B | B.
= T =0 o T

ZatiORECObE - « vaws swmmwmen=| 1| 1 |oe.| Halymenites .o voeeooer cne- Bl | T4
ADTEtItes e e s as s e = 21 1|.... Caulinites ................ 2 o8| =
1S 57 e e SRR I S (0538 e U e B 542 e s S e el 4 1 9
BEqIo18, <55 e on a o ais vemaie 6| 9| 4| Flabellaria..ccae eercnanus 2l R 4
PRAXOGAITII 225 osomn nemvenine S T . U T S e e 21 1 6
Phragmitos To0 Dol o I U OO 5 50 O e T C S OO 5 1 <)
51 e Dk (SR R e S 23| B | 7| Bapmdug - o.lllseannd 4 1 5
TN <x o= —iram = b miee s e 8 28| RN e e S
PUREA T o mem iz o i O W [ [P g 1 - e I e 3 | L 8
(h7v oo e g A e 4| 2| B | Celastrinites :.-coouusnes- 2 4
AGBT o o nin s i e wiaiarslas 3| 2| 2 f GITEWIOPBIB oo <= s mesinmimiees 2=z 6
Rhamnug, .- e donana 12| 2 3 | Dombeyopsig..-..-coceomn- 4| 34
1L o e e A N U S ol B e e e 6| B8 9
Hrasinus cos. o i st ssmsawey | 21 1| 1 |

NEITNUNT: -5 s coilesmensum e 15 | 4| 2 ‘

We thus have fitteen genera belonging to the first class and thirteen
to the second. Both lists would admit of reduection, but some good
reason can be urged in each ease for retaining if.

We may examine these several characteristic genera somewhat in
detail. Beginning with the first list we find a single species of Zami-
ostrobus in the Laramie and in the Senonian. The latter oceurs in the
Gosan formation at St. Wolfgang, Austria, the geological position of
which is now believed to be definitely settled as upper Cretaceous. The
Laramie plant is of a somewhat deubtful character, but is elearly cyca-
daceous. It was found at Golden, Colorado, lying on the surface in
the vicinity of Laramie beds, and is believed to belong to that formation.
The genus, like all fossil cycadaceons genera, is strongly Mesozoie, being
found as low as the Oolite.

Abietites, two speeies of which oceur in the Laramie, one being found
in both the lower and the upper district, is one of the most ancient of
the typical coniferous forms, being found all the way from the Wealden
to the Miocene, except in the Locene, where it is thus far absent. The
only Senonian species comes from the ITarz district.

The form distinguished as Taxites seems to belong to the norfhern
portion of the western hemisphere, the two Laramie species heing re-
ported from British America, and the Senonian species from the beds of
Patoot, Greenland. A true Taxus occurs in the London clay, and this
seems to be a geographieal variety.
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No coniferous form is more abundant in the Laramie than Sequoia,
six speeies of which are distinguished. Of the nine species from upper
Cretaeeous strata all but one ave found in the western hemisphere. This
furnishes an excellent illustration of the extent to which certain types
persist with modifieation in the same or adjacent territorial aveas, There
is no doubt that should upper Cretaceous beds be found within the
United States these forms will oceur as the direet ancestors of the Lara-
mie species. Their rarity in the Old World is seen also to he a fact of
geographical and not of geological significance, for it is true of both the
Cretaceons and the Hoeene.

The genus Taxodium, two of the species of which are so abundant in
the Laramie, Senonian, and Miocene, is curiously searce in the Eocene,
and therefore elaims a place in our first eolumn.

It is in the Gymnosperms, therefore, that those characters appear
which give to the Laramie flora such a strong Cretaceous facies. We
find this quite otherwise in the next group, the Monocotyledons. Only
in one genus (Phragmites) of this subelass do we find the Tocene want-
ing. This genus occurs abundantly in the Laramie, and the only Seno-
nian species reported is from the Pacific coast of America, so that it
seems that in pre-Miocene time the type was confined to the western
hemisphere.

It is, however, among the Dicotyledons, and chiefly in the Amentaces,
that the most notable examples oceur to show the similarity of the Lar-
amie to the Senonian flora, and also its unique character as compared
with any other formation. Its 23 species of Populus form one of the
greatest of its anomalies, and stamp it with a special character, The
nine speeies of the Senonian canse that formation to partake somewhat
of this character, but when we see that all but two of these come from
the Vancouver beds or from Greenland we see that this is a distinetly
American type.

The genus Juglaus, with its eight Laramie, one Vancouver, and one
Patoot species, is of special interest in the light of the numerous forms
of Carya and Juglans which persist in the American flora, The fossil
forms of Juglans may well have been the ancestors of our hickories as
well as of our walnuts.

Neither of the two last-named genera, however, can claim as great a
share of our interest as does the genus Platanus. With its eight Lara-
mie and two Greenland species, and its entire absence from the Eocene,
it seemed to constifute in pre-Miocene time one of the characteristic
vegetable types of America.

Passing over the two polypetalous genera, Cornus and Acer, which in
like manner belonged during this epoch almost entirely to the west, we
come to Rhamnus, with twelve Laramie species; one of the Senonian
species is also western (Patoot). Paliurus is an allied genus and is
similar in its range to Khamnus.

Of gamopetalous genera, Fraxinus, though small, belongs to the class
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we are considering, while Viburnum is, next to Populus and Platanus,
the largest and most characteristic of that class. With fifteen species
in the Laramie, four in the Senonian, and the two Eocene speeies from
the lowest beds of that age, it seems to be a very ancient type, and one
which goes far to separate the Laramie flora from that of the Hocene.

If there were no cases which could be eited to offset this array of evi-
dence, it might seem that no two floras could be more distinet than those
of the Eocene and the Laramie, but as we pass rapidly down the op-
posite column we shall see that there certainly are some bonds of union.

It was long maintained that the peculiar fucoids called Halymenites
were characteristic of the Eocene, being so abundant in the Flysch of
Switzerland, and their presence in the Laramie strata was put forward
as a proof of the Eocene age of that group, but they are now known to
ocenr in the Cretaceous, though absent from the Senonian beds, and as
low as the Jurassie. They also extend upward to the Miocene.

The two species of Caulinites from the Laramie differ widely from
those of the Paris Basin, but probably belong to that type of plant and
in so far assimilate the Laramie to the Eocene flora. 1t is, however,
the palins that have been chiefly relied upon to establish the Eocene
character of the Laramie. The evidence here must be admitted to be
strong, and their absence from the Senonian beds serves to add to its
force, The Eocene was the age of palms. The numerous fruits refer-
able to that family found in the London elay and also at Monte Bolea,
constitute one of the leading features of the flora of that epoch, and
these are in a manner paralleled in some parts of the Laramie, notably
in the tufa beds at Golden, by the many nut-like bodies which Mr,
Lesquerenx has designated by the term Palmocarpen. But aside from
these, and probably from the same trees that bore them, we have four
species of Sabal and two of Flabellaria represented by leaves in the Lar-
amie flora, thongh nearly all these palms are found in the lower distriets.
It is only this lower Laramie that has been claimed as Eocene, and if
we restrict the term to this flora its affinity to that of the European
Eocene is greatly strengthened.

The genus Alnus is well represented in the Eocene, especially in the
Paleocene, and one abundant species is found in the Laramie group.
The Senonian species is from Greenland and may have been the progen-
itor of the wide-spread arctic form A. Hefersteinii, GOpp., so celebrated
in the Miocene beds of the North.

The Marquis Saporta finds eight species of Rhus in the gypsum beds
of Aix in Provence, and the genus also oceurs in all the Laramie hori-
zons. The type therefore is common to the two formations and serves
to assimilate the two floras. The one Senonian species is from the
Quedlinburg beds.

Sapindus predominates in the Fort Union group and in various
Hocene localities, and in so far tends to identify the upper Laramie with
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the Hoecene ; but such evidence is very feeble. Vitis is a strong Laramie
genus, but it oecurs sparingly in the Hocene., It therefore scarcely
belongs iu this list. Zizyphus differs from the other two prominent
rhamunaceons genera, Rhamnas and Palinrns, in extending into the Fo-
cene. Itis a fair representative of the elass we are now considering
that indicate a resemblance between the Laramie and the Eocene floras.

The Celastracem are highly characteristic of the Eocene, and one
form which has been distinguished as Celastrinites is found in the
Laramie. The Hocene species of this genus are all from Sézanne, and
furnish another evidence of the truth of Mr. Lesquereux’s statement in
his ¢ Cretaceous and Tertiary Flora” that the flora of the Laramie re-
sembles that of Sézanne more closely than it does that of the Eocene
proper. A still more striking illustration of the same fact is found in
Grewiopsis, which is the Paleocene form of the Miocene genus Grewia,
also oceurring in the Laramie,

Dombeyopsis ig one of the best marked Eocene genera, bat it is al-
most exclosively confined to Monte Bolea. Its oceurrence in the Lara-
mie group is a singular fact and one that has often been brought for-
ward in support of the Hocene age of that group.

The Magnoliacea are a very ancient type of plants, species of Lirio-
dendron being abundant in the Cenomanian. The genus Magnolia,
which ocenrs in the upper COretaceous beds of the Peace and Pine
Rivers in British America, is abundant in both the Lara mie and the
Eocene. It is simply a persistent type.

We have thus rapidly run over the evidence furnished by these two
classes of genera for and against the view that the Laramie flora hears
such a resemblance to the Eocene flora as to suggest the substantial
synehronism of the two series of deposits. It is perhaps best to leave
the reader to form his own judgment as to the result, but in the light of
former diseussion of this question the caution against mistaking hori-
zontal for vertical distribution, may not be out of place. In the greaf
majority of cases, as has been pointed out under each genus, the types
persist. through different ages in the same or adjacent parts of the
the world, and the absence of Laramie types in the Bocene, and wice
verse, is due to the wide geographical separation of the beds of the
two formations. Closer study of the table will show that most of
the European genera can be traced from the Cenomanian up to the
Miocene of that continent, while most of the American genera can be
traced from the Dakota group up to the Miocene of Alaska and Green-
land. That some genera should be common to both hemispheres was
to be expected, but that these distinetly argue either the Eocene or the
Uretaceons age of the Laramie beds caunot be reasonably maintained.

This is the proper place, before descending to specific details, to con-
sider this interesting subject of geographical distribution in its relation
to the present plant life of the globe. The present distribution of vege-
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table forms upon the eartl’s surface, as all know, is' very varied, and
several learned and largely successful attempts have been made to
trace the lines of migration of plants during their long and often tor-
tuous pilgrimages sinee Miocene times, driven as they have been by
successive alterations of climate, of sea and land surface, and of mount-
ain and plain. But we have seen that the flora of the globe, even as
early as the Cretaceous, was far from uniform at all points, and that
that of the eastern and western hemispheres in late Cretaceous and
early Tertiary time was widely different. We now find that the de-
gree of change sinee those epochs has been different at different points
“and far greater in Europe than in America. The data contained in the
foot-notes to our table enable us to demonstrate this, and also to show what
parts of the globe contain at the present time the leading elements of
each of the fossil floras under consideration. If we exclude those gen-
era which are abundant in all three formations, and take only those that
are either wholly or principally confined to one of them, we shall per-
ceive that the greater part of the properly Laramie genera are repre-
sented to their fullest extent in the present flora of North Ameriea or
castern Asia, thongh many belong to the warmer parts of Aﬁ:erica,
and to India. On the other hand we are struck by the very large num-
ber of Australian and African forms in the Boecene flora. The Pro-
teacere and Myrtacem abound in the Eocene as do the Legnminosa,
the latter chiefly of South African types. We also find that the Seno-
nian fora must be separated into two classes, those from British Amer-
ica and Greenland falling into the same general geographical group as
those of the Laramie, while those of the Huropean beds resemble the
Eocene lora in this respect. T had intended to elaborate these ehoro-
logical features more at length and to give a detailed analysis of the
three floras from this point of view, but space will not admit of this in
the present paper, and as all the data for such an analysis exist in the
preceding table of distribution the work of compilation may be left to
such as are particalarly interested in this feature of the diseussion. The
results upon their face fully bear out the statement alread y made that
the flora of the Laramie group furnishes evidence ot having descended
more or less directly from that of the Cretaceous of this continent, and
in many cases the lines of descent can be traced through the upper, or
Senonian beds to those of the Dakota group, or American Cenomanian.

We are now prepared to compare the three floras under considera-
tion from the usual point of view of their specific relationships, and if
the treatment of this part of the subject is brief it is for the very rea-
son that it has already been largely accomplished hy others, Still, as
already remarked, Mr. Lesquereux only embraces the flora of the lower
districts, exelusive of Carbon and Evanston and a few Upper Yellow-
stone localities, in his Laramie group, while our table combines all
these beds with the entire Fort Union deposit of the Upper Missouri
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and Lower Yellowstone. As these latter were, and by many are still,
regarded as Miocene, and certainly contain a flora differing in many re-
spects from the rest, the general complexion of the whole will be con-
siderably modified by including them.

By inspeeting the table we observe thatonly a single species, Sequoia
Langsdorfit, is common to all three of the formations. This species is
generally northern in the western hemisphere, but it is found in the
Laramie at Black Buttes, in the Fort Union group, and in the northern
extension of this latter in British America. It also occurs in the Cre-
taceous deposits of Nanaimo, Vancouver Island, and in the Senonian
beds of Patoot, Greenland., Professor Gardner finds it in the Hocene
deposits of the Isle of Mull, and Massalongo enumerates it in his Mio-
cene flora of Senegal.

Only one other Laramie species, Ginkgo polymorpha, is found in any of
the Senonian beds, and this oceurs also at Nanaimo. Its Laramie lo-
cality is the place near Fort Ellis in Montana designated as ¢ six miles
above Spring Cafion,” which we have seen reason to regard as a west-
ern member of the great Fort Union deposit.

The number of Laramie species that also oceur in the Eocene as de-
fined in the table is quite large, amounting in all to thirteen or fonrteen,
Seven of these are confined to these two formations, which might afford
strong prima facie evidence of the close affinities of the Larawie and
Eocene floras, This evidenee, however, is greatly weakened when we
perceive that of these seven four occur in the supposed Eocene beds
of Mississippi and not in any of the Old World deposits. This is cer-
tainly strong proof of the close relationship of these Mississippi beds
to those of the Laramie, as well as of their similarity of age, but it
is more interesting as showing that in those early times one great ho-
mogeneous flora stretehed all the way across the North Ameriean con-
tinent, and that similar forests fringed the waters of the Gulf of Mex-
ico during their southward retreat, and those of the Laramie Sea as it
shrunk to the proportions of inland lakes. The difference of time be-
tween the two deposits, though it might have been great, was not suf-
ficient to alter the specific identity of these four forms and doubtless
of very many others, while in other cases the Laramie species may
represent the ancestors of the Eocene species found or fo be found in
the more eastern deposits. These species are, Sabal Grayanus, Populus
monodon, Magnolia Hilgardiana, and B, Lesleyana, all of Lesquerenx.
All except Magnolin Hilgardiana oecur only in the typieal Laramie
deposits of the more southern districts, but this species has now been
reported also from the Yellowstone Valley, which, of course, relegates
it to the Fort Union group.

The other three Laramie species which are otherwise confined to the
Eocene are Halymenites minor, found in the Flysch of Switzerland, Ficus
Dalmatica, found in the supposed upper Eocene beds of Monte Promina
in Dalmatia, which some authors place higher, and Sterculia modesta of

6 GEoL——34
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Saporta (not of Heer) found at Sézanne. These three Kocene localities
represent the highest and lowest Koeene, and fairly exhibit the degree
of homotaxy subsisting between these formations:

The remaining six species that oceur in the Laramie and the Eocene,
possess less force in this direction from the fact that they are all found
in other and higher formations also. Most of them are plants that
are abundantly represented in nearly all the more recent deposits, such
as Taxodium BEuropeum, found all the way from the Middle Bagshot of
Bournemouth to the Pliocene of Meximieux, Ficus tiliwfolim, Lawrus
primigenia, and Cinnamomum lanceolatum, abundant in nearly all the
Oligocene and Miocene beds of Europe. Quercus chlorophylia oeeurs
in the Mississippi Tertiary as well as at Skopau in Sachs-Thiiringen,
and is also abundant in the Miocene, and Ficus tiliwfolia is found in the
Green River formation at Florissant, Colorado. The only other species
belonging to this class is Goniopteris polypodioides, which occurs at
Monte Promina and in the Miocene of Rivaz. Alnus Kefersteinii, once
reported from Aix in Provence, is considered doubtful, and should prob-
ably be excluded from the list of Eocene plants, but it is found in the
American Hocene of both Florissant and Green River. In the Laramie
it is only known from the Evanston coal beds, and is most abundant
in the arctic Miocene of Alaska, Spitzbergen, ete., but it is also common
in the Miocenes of Northern and Central Europe.

This is all that can be said in favor of the Kocene character of the
Laramie flora, and were it not capable of being farther weakened, the
case might be regarded as somewhat stronger than that of the gen-
era; but there still remain many important considerations which affect
the legitimacy of some of these facts. For example, we have seen that
fourteen species altogether oceur in the Laramie and the Eocene; but
the number oceurring in the Laramie and formations higher than Eocene
is sixty-two. Thirty-five of these are confined to the Laramie and Mio-
cene. Two(Diplazium Miilleri and Flabellaria Zinkeni)are confined to the
Laramie and Oligocene, while twelve oceur in Laramie, Oligocene, and
Miocene strata. These species are by no means confined to those that
have only been found in the northern districts, but, as any one can see
by examining the table, they come largely from the typieal beds, and
include such species as Sabal Campbellii, Saliz integra, Betula gracilis,
Hicus asarifolia, Rhamnus alaternoides, ete.

It would certainly be very unsafe from this to argue that the lower
Laramie is Miocene. With such a vast flora as the M iocene, numbering
as it does (including the Oligocene beds) nearly 4,000 species, it is rea-
sonable to expect that as many Laramie forms as are found common to
the two formations (about 14 per cent.) should persist nearly unchan ged
from one epoch to the other. As a matter of fact, a much larger per-
centage of forms thus persists where the two deposits occupy nearly the
samwe geographic area. Some four or five of the Laramie species are
still found in the living flora, most of them in North America, un-
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changed, so far as can be judged by the organs (chiefly appendicular)
that have been found in the fossil state. The two species of hazel, and
also the sensitive fern from the Fort Union deposits regarded by Dr.
Newberry as identical with the living forms, must be specifically so re-
ferred until fruits or other parts are found to show the contrary. The
bald-eypress of the Laramie swamps seems not to have been specifi-
cally distinet from that of the swamps of the Sonthern States, and, as I
shall soon show, forms of the Ginkgo tree ocenr not only in the Fort
Union beds, but in the lower Laramie beds at Point of Rocks, Wyoming
Territory, which differ inappreeciably except in size of leaf from the living
species,

To the strong evidence against the Eocene age of the Laramie group
afforded by the persistence of so many of its types into periods much
more recent than Eocene may perhaps be added evidence equally ad-
verse but of the opposite nature. A few Laramie forms occur in Cre-
taceous strata. Sequoia Langsdorfii is found, as we have already seen,
in the Oretaceous of both British Colambia and Greenland, and Ginkgo
polymorpha in the former of these localities. Cinnamomum Scheuchzeri
oceurs in the Dakota group of Western Kansas as well as at Fort Ellis.
Sir William Dawson detects in strata regarded as Laramie by Prof. G.
M. Dawson, of the Geological Survey of Canada, a form which he con-
siders to be allied to Quercus antiqua, Newby., from Rio Dolores, Utah,
in strata positively declared to be the equivalent of the Dakota group.

Besides these cases there are several in which the same species oc-
curs in the Eocene and the Cretaceous, though wanting in the Lara-
mie. COinnamomum Sezannense, of the Paleocene of Sézanne and Gelin-
den, was found by Heer, not only in the upper Cretaceous of Patoot, but
in the Cenomanian of Atane, in Greenland. Myrtophyllum eryptoneuron
is common to the Paleocene of Gelinden and the Senonian of West.
phalia, and the same is true of Dewalquea Gelindensis. Stereulia vari-
abilis is another ease of a Sézanne species oceurring in the upper Creta-
ceous of Greenland, and Heer rediscovers in this same Senonian bed the
Eocene plant, Sapotacites reticulatus, which he originally described from
Skopan in the Sachs-Thiiringen lignite beds.

Before commencing this disenssion from the point of view of specifie
relationship it was remarked that it would differ from that Jjust closed,
where the subjeet was treated from the point of view of generic rela-
tionship, in dealing with geological, or time relations, rather than with
geographical, or space relations. But we have already seen that the
latter considerations could not be kept wholly out of view, and we shall
now see that they really form a very important part of this mode of treat-
ment, if it is to be made at all complete. Of the seven species confined
to the Laramie and BEocene it was seen that four were also confined to
this continent. This anomaly arose from having placed the Mississippi
Tertiary in the last column of Eocene localities. But the Green River
group, which is by most geologists regarded as the Eocene of Western
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America, was purposely left out of the body of the table, for reasons
which have been stated. A eolumn, however, was employed to record
the oceurrence in that group of species belonging to any of the three
formations. An inspeetion of this column shows that 21 species are
common to the Laramie and the Green River groups. Admitting this
to be Eocene, as well as the Mississippi Tertiaries, we have 26 species
common to the Laramie and American Eocene against 10 that are
common to the Laramie and European Eocrne; this notwithstanding
that the American Eocene embraces less than a third as many species
as the European. :

We may carry this analysis further. There are 39 species common
and confined to the Laramie and the Miocene (inclusive of the Oligo-
cene),  Of this number 21 are found in the American Miocene. Three
others oceur in the aretic flora of Spitzbergen, Siberia, and other locali-
ties not in the western hemisphere, but the complete unity of the arctic
Miocene, and its almost total dissimilarity from the Miocene of Kurope,
fairly warrant their addition to the American flora. Tifteen of these
are not fonnd at all in the Miocene flora of Europe. This is surprising
when we consider how very small this combined North American and
aretic Miocene flora is compared with that of Europe.

If we now divide the Laramie species that are also found in other
formations and localities into (wo classes, one of which shall embrace
all those occurring in American beds other than Laramie and the other
those occurring in no other American strata than those of the Lara-
mie, we shall have 55 such species out of a total of 80, 30 of which are
confined exclusively to the western hemisphere. The significance of
these figures, let me repeat, is greatly increased when we consider in
the same counection the magnitude of the European Tertiary flora, as
compared with that of America.

We are thus brought once more face to face with the fact that while the
floras of Enrope and America differed widely in character during late

Jretaceous and Tertiary time, the beds of ditferent age in each, respect-
ively, contained floras resembling each other to such an extent as to
warrant the conelusion that the later ones had descended from the
earlier without more than the natural amount of modification. When,
therefore, we couple these facts with those presented above as to the
relationships of the fossil to the living flora of the globe (where it ap-
peared that the American fossil flora resembles that of eastern North
America and southeastern Asia, while the European fossil flora re-
sembles that now found in Australia and the eastern half of the south-
ern hemisphere generally), we must conclude that some great disturb-
ing agencies have been at work since Miocene times which have caused
extensive migrations and profound alterations in the plant life of the
globe. It is no part of my purpose at present to discuss this problem,
and I need searcely say that it is to the influence of a series of great
fluctnations of temperature, causing glacial epochs, that these changes
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are principally attributed, and that a thorough study of the living flora
in comparison with the Tertiary flora not only bears out this conelu-
sion to a remarkable degree, but renders it possible to trace many of
the lines of migration and to fix with some precision both the space
and the time relations of glacial phenomena.

We may now briefly revert once more, and for the last time, to the
question of the age of the Laramie group, in so far as this is indicated
by the similarity of its flora to that of other formations, Thus far I
have confined mysell’ to the published flora of that gronp in order to
ascertain how the case stood at the close of the prolonged discus-
sion which has been outlined relative to its age, in which discussion
Mr, Lesquereux has had the last word in his recent great work on the
Cretaceous and Tertiary Floras of the West. But I shounld admit that
I was led to consider this side of the subject by the oceurrence in my
own ecolleetions from both the northern and the southern districts —in
the Lower Yellowstone Valley and along the Upper Missouri, at Golden
and other points in Colorado, at Carbon, Black Buottes, and Point of
Rocks, Wyoming, and at other localities —of new forms, some of them
unigue and remarkable, but some bearing a striking resemblance to, or
identieal with, forms already figured from other localities whose strati-
graphical position is definitively settled. While some of this latter class
have a Miocene aspect, as does the Fort Union flora in general, there
are others embodying the charaeters that are usually associated with
the Cretaceous flora. As already remarked, it is too early for me to
discuss these forms fully or in detail, although some of the more re-
markable or representative ones are figured in the illustrations at the
close of the paper. At present I can merely call attention to some of
these forms of Cretaceous aspect, as showing that the more familiar
we become with this flora the more closely we find it linked with the
Cretaceous floras below it, and particularly with those of America.

There seems some reason to believe that we now have in Fort Union
strata a somewhat modified representative of the hitherto exclusively
Oretaceous genus Oredneria, so long known from the upper Cretaceons
beds of Blankenburg, in the Harz Mountains, since found in other Euro-
pean strata of the same or earlier age, and now added by Heer to the
middle Cretaceous flora of Greenland. Credneria is the original form
upon which have since been erected the additional genera of the group
Littingshawsenie, Protophyllum, and Aspidiophyllum. These are all char-
acteristic Cretaceous genera, Credneria and Protophyllum being found
both in the Senonian and the Cenomanian, and Aspidiophyllum being
confined to the Dakota group. Our form (Plates LVII and LVIII)
differs somewhat from all that have thus far been deseribed, and may
be sufficiently divergent to warrant the establishment of a new genns,
or it may be necessary to refer it to some other genus, but its resem-
blance to Credneria is sufficient at least to make it a strongly Creta-
ceous type, and should its relationship to that genus be finally settled
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it must certainly possess weight in the general problem of geologic age.
It is also noteworthy that this form comes from the Fort Union beds
on the Lower Yellowstone, and from one of the highest strata of this
formation that are represented in that section.

There ocenr in the collections a large number of querciform leaves,
probably for the most partreferable to the Cretaceous genus Dyryophyllun,
established by Debey as the receptaele for the numerous archaie oaks
which he found in the iron sands of Aix-la-Chapelle. Until quite lately
this genus was very little known, and chiefly from specimens furnished
by him to different museums in Hurope, but within the past two years
he has published a small pamphlet with one plate, illustrating several of
the forms.! The material seemed rather obseure and fragmentary, and
the figures are very rude, but they enable nus to gain a better idea of
the limits of the genus than was otherwise possible. We have from
the Laramie group forms closely allied to several of Debey’s species of
Dryophyllum, sueh as D). Eodrys, D. gracile, D. cretaceum, D. Aquisqra-
nense, ete., although it is hardly probable that any of these species
actually flourished in America.

There can scarcely be a doubt that we have in Figs. 8and 9, Plate XL,
the Cretaceous species Platanus Heerit of the Dakota group and arctie
Cenomanian strata. Compare, for example, fig. 1 of plate vii, in the
sixth volume of Heer’s ¢ Flora fossilis arctiea,” Part IT, Cretaceous flora
of Greenland.

Several forms of Hedera have a Cretaceous aspect, and it is quite
probable that H, primordialis, Heer, from the Greenland beds at Atane,
may be represented by our Fig. 4, Plate XLVIII.

In Fig. 1, Plate X, we have a form which, for so much of the leaf
as is present, resembles the figures of similar portions of Heer’s Populus
Stygia (FL. foss. aret., Vol. III, Kreidefl. v. Grinland, plate xxix, fig.
10; Vol. VI, Abth. II, Kreidefl. v. Gronland, plate xvii, figs. b, 7;
plate xxxix, fig. 5). But for the great resemblance to these figures, I
should have certainly regarded it as a Liriodendron, and notwithstand-
ing this resemblance I am inelined to refer it to that genus. But Lirio-
dendron is rather a Cretaceous genus, although the broad-leaved forms
like this occur also in later strata and form the type to which the living
species belongs.

I have not mentioned the singular eryptogamous form that was col-
lected both at Iron Bluff and at Burns’s Ranch, although I am now eon-
vinged that it is a Cretaceous form, because up to the time when it was
neeessary to submit this paper it had not been sufficiently studied and
the drawings were incomplete; but upon careful comparison I am sat-
isfied that it is the same plant that is figured by Dawson in his paper
in the Transactions of the Royal Society of Canada (plate i, fig. 3) as

18ur les feuilles quereiformes des sables d’Aix-la-Chapelle, par le Dr. M, Debey,
@’Aix-la-Chapelle, Extrait du Compte rendu du Congrés de botanique et d’hortieul-
ture de 1880, Denxidme partie. Bruxelles, 1831
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Carpolithes horridus. To the parts represented there our specimens add
the complete rays showing what is probably the spore-bearing portion
at their extremities.

“Other Cretaceous forms might be mentioned, but the above-named
types are sufficient to show that the flora of the Laramie group certainly
possesses a strong Cretaceons facies, and in very many respects agrees
with that of the Senonian or highest member of that formation where-
ever this is known to contain vegetable remains. I do not wish to be
understood as arguing that the Laramie is a Cretaceous deposit, but
rather agaiust the view maintained by Mr, Lesquereux that it is neces-
sarily Eocene. T am still free to admit that, so far at least as the Fort
Union group is coneerned, the flora is closely in accord with that of the
European Miocene, in which nearly all its genera and many of its spe-
cies are represented ; and but for the occurrence of these anomalous,
archaic forms, which become more and more frequent as the material
for study increases, it would be impossible to deny that the flora at
least was Miocene. In this, however, one fallacy should be avoided,
which is, I think, the one that so strongly biased Professor Heer in
favor of referring new and imperfectly known floras to the Miocene.
The immense number of fossil plants that are known from that forma-
tion—over 3,000 species— greatly increases the ¢hances of finding the
analogue of any new form among its representatives. While, for ex-
ample, there are probably many more Laramie forms that have nesrer
allies in the Miocene flora than in that of any other age, still, relatively
to the number of Miocene species, the Eocene or Senonian types would
outweigh them. But the same eanon must be applied in comparing the
Laramie with these latter. If the relationships were about equal we
should require a larger absolute number of Eocene forms, because the
Eocene flora is larger

Taking all these facts into consideration, therefore, T do not hesitate
to say that the Laramie flora as closely resembles the Senonian flora as
it: does either the Eocene or the Miocene flora. But again, I would in-
sist that this does not necessarily prove either the Cretaceous age of the
Laramie group or its simultaneous deposit with any of the upper Cre-
taceous beds. The laws of variation and geographical distribution for-
bid us to make any sach sweeping deduections, With regard to the
first point it is whelly immaterial whether we call the Laramie Ore-
taceous or Tertiary, so long as we correetly understand its relations to
the beds below and above it. We know that the strata immediately
beneath are recognized npper Cretaceous and we equally know that
the strata above are recognized lower Tertiary. Whether this great
intermediate deposit be known as Cretaceous or Tertiary is therefore
merely a question of a name, and its decision one way or another can-
not advance our knowledge in the least.

With regard to the synchronism, as already remarked, it would cer-
tainly be interesting and important if we could know with certainty
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what other deposits on the earth’s surface were being made at the same
time with those of the Laramie. But we have seen that this eannot be
known for any very widely separated areas. Within the Laramie group,
Liowever, conclusions of this nature are comparatively reliable, and
when more is known of this flora and of the characteristic types of
different horizons within it, and different areas oceupied by it, there
can be no donbt that its value in the determination of the precise hori-
zon of new beds both within and without that group must be very
great. The following words of Mr. Meek, after a careful survey of the
guestion from the point of view of the invertebrate paleontologist, are
equally true for fossil plants: “But it may be asked,” he says, “are we
to regard all such fossils as of no use whatever in the determination of
the ages of strata? Certainly mnot, because, even in case future dis-
coveries in this eountry and the Old World should never modify the
present conclusions in regard to the geologicalrange of * * *  these
types * * * so as to enable us to use them with more certainty
as a means of drawing parallels on opposite sides of the Atlautic, they
will undoubtedly be nseful, when viewed in their specific relations, for
the identification of strata within more limited areas. Thatis, when all
or most of the details of the stratigraphy of the whole Rocky Mountain
region and the vertical range of species have become well known, these
fossils will perhaps be found nearly as safe guides in identifying strata
at one locality with those of others there, as many other kinds.” !

But there is a higher ground on which investigations of this nature
may be justified. However negative the results may prove, in seeking
to make wide generalizations, either for geology or for biology, every new
form discovered widens our knowledge of what has been taking place on
the surface of the earth since its crust was formed, and the additional
knowledge we thus gain of the history of the globe is worth for its own
gake all that its laborious pursuit costs, and this quite aside from the
added value it possesses in furnishing an ever widening basis for the
true laws of both geologic and biologic development.

RECENT COLLECTIONS OF FOSSIL PLANTS FROM THE LARAMIE
GROUP.

I have now completed the review of the flora of the Laramie group
which, as stated at the outset, would constitute the first part of this
memoir, and will now present the concluding portion, also outlined at
the beginming, which will be of a somewhat personal character, and will
consist of an attempt to record so much of the little that I have been
able to contribute to the stock of knowledge relative to the Laramie
flora as has thus far assumed a sufficiently definite form, It is, however,

L Report of the United States Geological Survey of the Territories. T. V. Hayden,
Geologist-in-charge. Vol. IX. A Report on the Invertebrate Cretaceous and Ter-
fiary Fossils of the Upper Missouri country. By F. B, Meek, p. 1xi.
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proper to state that the record I have made will not be complete until
I shall have bestowed a large amount of attention and study upon the
material in hand. The specimens figured can scarcely be said to have
been selected as representative of my collections, althongh they are so
to some extent, but they rather indicate what forms had been suffi-
ciently studied at the time T began to prepare this paper to warrant
publishing the figures. The names which I have affixed to them are
therefore provisional only, and subject to alteration in the course of
the preparation of my final report, which has been merely arrested long
enough to enable me to prepare and present in the present synopsis sowme
general considerations which would necessarily be crowded out of the
detailed work.

My collections were all made in two seasons, that of 1881 and that of
1883. On the first of these oecasions I visited a number of the locali-
ties belonging to the lower series situated in Colorado and Wyoming.
On the second occasion 1 visited the valleys of the Lower Yellowstone
and Upper Missouri Rivers, and found fossil plants in what are un-
doubtedly typical Fort Union strata. The itinerary and a general de-
scription of the field work of these two seasons have been given in my
administrative reports for those years.!

COLLECTIONS FROM LOWER LARAMIE STRATA,

The collections made at Golden, Colorado, have not proved particu-
larly rich, and probably very little will be found in them that has not
already been reported from that locality. Large palm leaves (Sabal
Campbellii) and numerous fragments of leaves of Platanus, Ficus, ete.,
were found in a coarse friable sandstone, either ferrnginous and light
red, or siliceous. and gray or white, in the valley between the Front
Range and the basaltic Table Mountain on the east. These strata
stand nearly vertical and are in immediate juxtaposition to the pro-
ductive coal beds on the west. The coal mines themselves are worked
in vertical beds which have Cretaceous strata on the west and these
coarse sandstones on the east, showing that the direction from east
to west represents the descent through the several layers and that
the coal veins are at the very base of the Laramie at this place. The
strata are conformable, and both the Cretaceous and the Laramie are
tilted so as to be approximately vertical. At the base of South Table
Mountain the strata are horizontal, and the line dividing the vertical
from the horizontal strata could be detected at certain points. A meas-
urement from this line to the base of the coal seam was made at one
place and showed 1,700 feet of the upturned edges of Laramie strata,
It is probable that we here have the very base of the formation.

The geology of Golden is very complicated, but my observations led

! Third Annual Report of the United States Geological Survey, 188182 pp. 26-20.
Fifth do., 1883-"84, pp, 55-59.
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me to conclude that during the upheaval of the Front Range a break
must have oceurred along a line near the western base of Table Mount-
ain, forming a crevice through which issned the matter that forms the
basaltic cap of these hills, The eastern edge of a broad strip of land
lying to the west of this break dropped down until the entire strip of
land assumed a vertical position or was tilted somewhat beyond the
perpendicular. This brought the Laramie on the east side of the Creta-
ceous with its upper strata at the extreme eastern, while the coal seam
at its base occupied the extreme western side of the displaced rock.
The degree of inversion varies slightly at different points and may
have been much greater in some places. This will probably aceount
for the discovery atone time of a certain Cretaceouns shell (Mactra) above
a vein of coal in a shaft about 4 miles north of Golden, and about which
considerable has been said in diseussing the age of the Laramie group,
I visited the spot, but found the strata so covered by wash that I was
unable to determine their nature.

The collections made at the base of South Table Mountain in a dark
and very soft, fine-grained, siliceous-ferrnginous sandstone, commonly
called tufa, were both more abundant and better preserved than those
from the valley, and in them have been found several rare and interest-
ing forms. Fieus irvegularis was one of the most common, and Berche-
mia multinervis was found. Palms abounded, but only as fragments of
narrow portions of leaves. On the surface of the ground, quite well
down toward the bottom of the valley, were found numerous fragments
of palm wood in the silicified state, as ehert, very hard and admitting
ahigh polish. The leaf scars are clearly exhibited, and the vaseular bun-
dles and ducts are beautifully shown in eross and longitudinal sections.

At the locality known as Girardot’s coal mine, some 5 miles east of
Greeley, Colorado, on the open plains, Laramie strata were found con-
taining characteristic mollusks in great abundance, but no plants ex-
cept the wide-spread Halymenites major, which oceurred in profusion
immediately over the shell beds. Large branching forms were found,
as well as forms variously eurved and crooked. They seem to be to
some extent coneretionary, and are composed of iron oxide and sand
with a little caleite.

At the mouth of the Saint Vrain, near Platteville, where a day was
spent, these forms occurred again in equal abundance and variety. Two
speecies were found here, and perhaps three. Specimens of petrified wood
from a large stump, probably coniferous, were collected, but no traces
of any other form of plant life were detected. At this point we scem
again to have the very base of the Laramie overlying a bluish Creta-
ceons elay.

The collections from Carbon Btation, Wyo., are much more satisfactory
than those from the Colorado beds. The station and adjacent track of
the Union Pacific Railroad at this point are located in a monoelinal val-
ley running north and south, or at right angles to the railroad. A faunlt
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oceurs near the station by which the strata on the southwest are lower
than those on the northeast. The coal seams on the east and north are
close to the surface and sometimes crop out, They pass downward {from
south to north with a dip of about 15 degrees, reaching across the mono-
clinal valley throngh which the railroad runs. On the west and south they
grow deeper and have mostly ceased to be worked. The fossil plants,
which are very abundant, are always above the coal, and the strata in
which they are richest lie five to ten feet from the highest coal seams.
Immediately above the coal is a layer of arenaceous limestone, which is
generally shaly, but sometimes solid and very hard (“fire clay”). Even
in this a few plants occur, but it was nearly impossible to obtain them.
The plant beds proper are fine-grained more or less ferrnginous and
caleareons sandstone shales, quite easily worked, and from them some
beautiful specimens of Cissus, Paliurus, and other genera were obtained.,
These beds are doubtless somewhat higher than those of Black Buttes
and Point of Rocks, but they are probably within the limits of the Lara-
mie formation and seem to be the equivalent of the Evanston coal,

The locality denominated Black Buttes alw ays refers to the station
of this name on the Union Pacific Railroad, 140 miles west of Carbon
Station and in full view of the black rock from which it takes its name,
This had been reduced to a mere section house at the time of my visit,
and all traffic was by freight trains. It is in the valley of the Bitter
Creek, and typical Bitter Oreek strata are alone seen. The railroad here
runs nearly north and south. The strata dip to the southeast. Oppo-
site the station on the east there are about 100 feet of fucoidal sandstone
atthe base, above which are two prominent coal seams separated by shales,
The coal varies in thickness in both seams and is from three to eight
feet thick, the lower seam being perhaps the better in quality. Not more
than two feet above the lower coal seam the rocks commence to be plant-
bearing. They are reddish on the exposed outer surface, but bluish-gray
within, somewhat laminated, and consist of a hard, compact, and very
arenaceous limestone. They yield beautifully preserved specimens of
leaves, which form the only planes of cleavage.

Above the upper coal the shales are very thin, and their surfaces,
where not exposed to the weather, are generally eovered with a profu-
sion of very small prints of leaves, stems, culms, fronds, ete., but so
fragmentary that little can be done with them. Half a mile north of
the station thelower coal seam descends to near the level of the railroad,
but the succession of the strata can still be made out. The finest speci-
wens found came from beds a mile or more to the northeast of the sta.
tion, above a coal mine. The fucoids in the sandstone below the coal
at Black Buttes are peculiar and instructive. They seem to consist
chiefly of Halymenites major, which is often weathered out so as to ex-
hibit good specimens, but more frequently these are incased in concre-
tions which attain huge proportions, sometimes having a diameter of
8ix inches. Trom the ends of these pod-like bodies short sections of
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the typical fucoid, with its verrucose surface, often project. These in-
flated concretions vary in shape from cylindrical to globular, and when
the projecting fucoid is absent we have the simple spherical concretion
which is familiar to all. By eareful selection I succeeded in securing a
gootl series of these forms, which seem very clearly to point to the fu-
coidal origin of this class of coneretions.
~ Point of Rocks has become a familiar name to palvontologists since
the discovery there of a thin bed of white sandstone containing very
perfectly preserved specimens of fossil plants that proved, upon ex-
amination, to constitute a florula somewhat different from that of any
other locality in the West. This spot: was visited and most of the muech
discnssed forms— Pistia corrugata, Lemna seutata, Trapa mierophylla,
Ficus asarifolia, ete.— were found, but little was added to the previous
discoveries of others, This loeality is a mile or more east of the station,
and is sitnated quite high up the eliff, which is here steep, and the place
is difficult of access. The lower portion of the cliff at most points near
the railroad consists of white fucoidal sandstone, the fucoids being in
a much less perfect state of preservation than at Black Buttes and more
concretionary, Below the fucoidal sandstone, at one point northwest
of the station, there ocenrs a bed of light gray or nearly lavender colored
clay containing fragments of ferns and conifers, together with Pistia
corrugata, Sequoia biformis, and other species found in the white sand-
stone stratum last deseribed. Tt does not seem possible that this stra-
tum can dip sufficiently to the west to bring it fo the base of the bluff,
and no evidence of a fanlt was discovered. The color and fine-grained
character of the rock are similar, but the mineral constitution is very
ditferent in the two beds, so that the question as to their possible strati-
graphical identity is still open. [f the fucoidal sandstone forms the
base of the Laramie, these clay beds must occupy the summit of the
Cretaceous.

Above the massive white sandstone are several coal seams of good
quality. They vary in thickness and disappear at some points so as
to vary also in number, but about five such seams ecan usnally be seen.
Very few dicotyledonous or phenogamouns plants exist in the strata
between the coal beds, although these resemble those at Black Buttes
in all other respects. On the contrary, the fucoids abound throughout
all these strata, including those that overlie the highest coal beds.

At one point, nearly opposite the station to the north,a bed was discov-
ered which contained fine specimens of dicotyledonous and other plants.
This bed is located just above the lowest coal seam, and is about half
way from the base to the summit of the escarpment. The plants seemed,
therefore, to oceupy a position very similar to those at Black Buftes,
and they ocenrin the same hard gray very arenaceous limestone. They
were found only at this one point and in a single layer a foot or more
thick, and rocks a few feet distant in either direction were barren of
them. This florula proved very interesting and yielded a number of
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forms not elsewhere found. Among these was the small Ginkgo leaf,
which I have called Ginkgo Laramiensis.! (Plate XXXI, Figure 4.)
Several localities within the Green River group were visited, espe-
cially in the vicinity of Green River Station and of Granger, but the
deseription of these will be omitted, and an aceount given only of locali-
ties belonging, with considerable certainty, to the Laramie group as it
has been defined. But one other such loeality was visited in the year
1881, and respeeting the geologieal position of this there is some doubt.
This locality lies very near the boundary line between Wyoming and
Utah, some forty miles northwest of Granger, on the divide between the
Green and Bear River valleys. The Oregon branch of the Union Pacific
Railroad was then in conrse of eonstruetion, and construction trains
were running sixteen or eighteen miles out from Granger. The line of
the railroad survey was followed from this point, and the plant beds
occurred in the ridge through which the tunnel was being excavated.
The place was then known as Hodges Pass, and my specimens are so
labeled. Fresh-water Tertiary deposits prevailed for the first thirty
miles or more, but they were observed to dip perceptibly to the east,
and at last disappeared about seven miles east of the divide. They
were succeeded here by coal seams, with which they were not con-
formable, the latter dipping strongly to the northwest. Very heavy
beds of coal oceur in the vieinity of the pass, and some were reported
to have a thickness of sixty feet. The ridge through which the tunnel
was being constructed contained fossil plants at nearly all points. The
rock cousists of a coarse, very arenaceous limestone, or caleareous
sandstone, the leaves being either scattered without much stratification
through the mass and lying at various angles to one another, often much
crumpled or folded, or else in matted layers upon one another in par-
allel planes, and sometimes so abundant that the rock seems to cousist
almost wholly of them. In either case it was difficult to obtain perfeet
specimens. The impressions are very distinet, being of a dark eolor
upon the light matrix, and showing the presence of the silicified leaf:
substance. Notwithstanding the coarseness of the material the finer
details of nervation are often clearly exhibited. At first sight this flora
seemed to be exceedingly monotonous, owing to the prevalence of cer-
tain lanceolate or linear willow-shaped forms, but a close study of these
reveals considerable variety and the presence of several species and
two or three genera. With these, however, oecur numerouns less abun-
dant forms which lend considerable diversity to the flora of this locality.
There are good reasons for believing that these beds belong to the
uppermost series of Laramie strata, and until more is known of them
they may be regarded as forming a northern member of the Evanston
coal field; the plants, however, differ widely from any found elsewhere.

1Science, Yol. V, June 19, 1885, p. 496, fig. 7.
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COLLECTIONS FROM THE FORT UNION GROUP.

The several localities from which the prineipal collections made in
the season of 1883 were obtained liec along the Yellowstone River, above
and below the town of Glendive, which is sitnated three miles above
old Fort Glendive and on the opposite or right bank of the river, at
the point where the Northern Pacific Railroad first enters the valley
from the east. Sulficiently precise deseriptions of the geographieal
position of each of these beds were given in my administrative re-
port for that year, and these need not be repeated.

The several beds worked for fossils represent, I am convinced, a num-
ber of quite distinct epochs separated far enongh in time fo have al-
lowed important ehanges in the vegetation to take place. The locali-
ties are not far enongh apart geographically to account for the great
differences in the different florulas, the extreme distance between the
remotest beds not exceeding fifty miles. There were only two of the
beds that I was tolerably well satisfied were actnally synchronous, and
these were among the most remote from each other, These beds are
those of Iron Bluft’ and Burns’s Ranch. The plant-bearing stratum at
Iron Blulff is situated about fifty feet above the level of the river at low
water, while that at Burns's Ranch is at the very water’s edge and a
few feet above and below. If the beds at Burns’s Ranch represent a
simple continuation of the strata that appear at Iron Bluff, the dip to
the north must be somewhat greater than the natural fall in the river,
but the distance is about forty miles. Between Iron Bluff and Glendive,
however, there oceurs an outerop of marine Cretaceous strata, contain-
ing characteristic Fox Hills shells. This forms an anticlinal of some five
orsix miles along the right bank of the Yello wstone, and again disappears
beneath true Laramie strata some distance above the town. On the side
toward Iron Bluff the Cretaceons seems to lie entirely below the rail-
roadl cutting at the base of the bluff, hut the talus of red blocks of fer-
ruginous baked marl obseured this portion and prevented its study.
This is the only outerop of Cretaceous rocks in the entire district visited
by me.

The reasons for regarding the Iron Bluff and Burns’s Ranch beds as
equivalent are chiefly paleontological. The characteristic plant of the
Iron Bluff strata was the large cordate leaf which I have designated as
Coceulus Haydenianus. This oceurs also at Burng’s Ranch and has been
found only in these two localities. The characteristic plant of the
Burns’s Ranch locality is Trapa microphylla, and this also occurs at
Iron Bluff and at no other place in the Fort Union group. The remark-
able Cryptogam mentioned above ocenrs in both beds and several of
the celastroid leaves are common to the two localities. None of the
forms found af these two localities occur at any of the others. The
rock differs greatly in appearance, but this difference is mainly due to
the former having been subjected to heat, its carbon driven out, and
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its iron oxidized, turning it bright red, so that it may be regarded as a
ferruginous marl; the other is very caleareous, and may be classed as
an argillaceous limestone.

The Iron Bluff stratum yielded a considerable variety of plant forms,
Besides the large Coceulus leaves, which were present in greatabundance
(though, owing to their great size, usnally in a fragmentary condition),
there oceurred an immense quantity of stems of a gigantic Equnisetum
and of monocotyledonous plants. One of the most striking features of
this bed was the oceurrence almost everywhere of the stems of certain
plants marked all over with very distinet diagonal meshes or eross-lines.
These lines eonsist entirely of deeper colored fine streaks, crossing one
another with great regularity at a constant an gle. They have the ap-
pearance of having wound spirally round the stems in two directions,
those of each set being all parallel to one another, and thus forming
little rhombs where the systems cross. There is no apparent elevation
nor depression, but the fine lines of deeper red are seen in cross-section
to penetrate the general surface of light buff, showing that they possess
some thickness, The diagonal meshes thos formed vary very much in
size, from a millimeter to nearly two centimeters across, and this fineness
or coarseness seems to be approximately proportional to the size of the
stemon which it occurs. This strueture first reminded me of the peculiar
cross-lines that occur in the broader stems of certain Monocotyledons,
such as Sagittaria, Eriocaulon, ete., and Heer has figured a fossil Sparga-
nium stem exhibiting such a structure. Caulinites sparganioides of Les-
quereux (“Tertiary Flora,” plate xiv, figs. 4 and 10) exhibits something
faintly analogous to our plant, and Mr, Lesquereux has sought to ex-
plain the ocenrrenee of the cross-lines (p.100). But the resemblance
is too distant to be of any service in the solution of the problem. Cer-
tain specimens showing a transition to the normal epidermis, with very
fine longitudinal striation, make it next to certain that the parts ex-
hibiting this structure are decorticated, and some evidence exists to
prove that the lines may represent the cell walls of the loose cambium
tissue of an exogenous plant. The peculiar mode of branching of some
specimens also suggests the exogenous rather than the endogenous
mode of growth. Certain it is that the diagonal meshes always occur
in connection with definite vegetable structure, and even should they
prove to be themselves inorganic and to have no connection with the
tissues of the plants on which they oceur, still the faet must remain
that they exist in consequence of such tissues, and are in so far of vege-
table origin. I leave the question uusettled for the present and in-
trust its solution to further research.

The matrix in which the leaf prints found at Burns’s Ranch are em-
bedded is an exceedingly fine-grained argillaceous limestone of a bluish-
gray color, weathering reddish-brown, and having no regular stratifica-
tion, but very brittle, and easily breaking at any point with conchoidal
fracture, leaving very sharp edges. The degree of friability is much in-
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ereased by saturation, whieh was well shown in those fragments that
were taken from below the surface of the water in the river. The sur-
faces of the leaves often form planes of cleavage, and thus many bean-
tiful specimens were obtained, but the tendency to forsake these planes
and break out at other places rendered many of the specimens frag-
mentary. Some very perfect specimens of Trapa were obtained. This
plant, as is well known, grows in deep water, from a long submerged
stem, which reaches the surface and bears at its summit a cluster of
small roundish leaves on petioles of different lengths, which are so ar-
ranged upon the stem that all the leaves can lie upon the surface of
still water. The longest petioles bear the outer circle of leaves and
successively shorter ones those of circles nearer and nearer the cen-
ter, where the leaves are small and sessile. Several of my specimens
as well as some of those ecollected the year previous by Dr. White
show these eoneentric rosettes of leaves in an interesting way.

The Coceulus leaves are rave in these beds, but several of the best
specimens were nevertheless found here. Numerous fine specimens of
Populus were obtained, only a few of which are figured for this paper.
The sharply serrate, more or less elongated, leaves that seem to belong
to the order Celastrines were among the most numerous and are nearly
or quite all new to science. A few very fine specimens of the remarka-
Dble tapeworm-like Cryptogam mentioned above were found here, but this
form is not yet figared. The bulbous tufted base is much smaller than
in the Iron Bluff specimens, but the remarkable serpent-like rays, with
inflated transversely-ribbed heads and finely-toothed middle portion,
are shown with great clearness.

These two beds (Iron Bluff and Burns's Raneh) appear to me to form
the base of the Fort Union deposit, and present a flora entirely different
from that of any other yet discovered. It is remarkable that the Trapa
found in both of them appears to be the same species as that found so
sparingly in the fine white sandstone layer at Point of Rocks, and what
is still more remarkable, T also found at Burns’s Ranch a few specimens
of the characteristie Point of Rocks plant Pistia corrugata. 1 am in-
clined to regard these two beds as syuchronous, and the differences in
the rest of their floras may be accounted for by differences of latitude
and the other conditions previously pointed out. Both seem to ocenpy
the base of the Laramie and to overlie the same marine Oretaceous de-
posit.

In ascending the Yellowstone the next locality is that known as
Seven Mile Ureek, or Gleason’s Ranch. The little stream called Seven
Mile Creek, five or six miles above the mouth of which the ranch is
located, is situated about seven miles below old Fort Glendive, making
it about ten miles below the village of Glendive. Its lower valley is
open and shows no exposures, but at Gleason’s Ranch it has narrowed,
and is bounded by hills that rise on the left bank, by a series of terraces,
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to a height of about 600 feet, At numerous points along this escarp-
ment good exposures oceur, and vegetable remains of one form or another
were seen at nearly all elevations. The lowest of the plant beds was not
over forty or fifty fect above the valley of the creek, and the plants here
consisted almost wholly of the large-leaved Sapindus which is figured
on Plate L, Iigs. 4-8. A few feet above this ocenrs a bed of conifer-
ous plants, and immediately above this one yielding a variety of Dicot-
yledons. Next in order is a stratum of heavy ironstone. This con-
tained a great number of seeds and fruits which are exccedin aly ¢urious,
but; which are as yet wholly undetermined. Mixed with them are leaves
ina bad state of preservation belouging to the genus Platanus, and
probably to several other genera.

The next bed that proved profitable to work was some 400 feet
higher. It was literally filled with leaf im pressions, and among these
was the immense Platanus leaf, which is here figured natural size, Plate
XL1, Fig. 1. Here, too, were found the specimens of Ginkgo, which are
also reproduced in our illustrations, and which appear nearly identical
with G. adiantoides of Unger and quite too near the living plant. Not
less interesting was the discovery of the very perfect Sparganium heads,
especially those borne on the original stem, one of the speecimens of which
is shown in the illustrations (Plate XXXI1I, Fig. 6).

Finally, in the white marl eliff that forms the summit of the series of
terraces another florula was found, differing widely from all the rest
and characterized by the presence in great abundanee of {he remark-
able leat’ which I have called Credneria daturwfolia (Plate LVII, Plute
LVILL Figs. 1-5). Associated with this form were many leaves of Pop-
ulus and Corylus, which were obtained in profusion and in great per-
fection. This eliff showed evidence of having once been eapped by a
vellow ferruginous sandstone containing fucoids. One much weather-
worn specimen was obtained.

This remarkable series of plant-bearing beds begins at the base with
a light-colored and slightly arenaceous limestoue, grows less calcareous
and more argillaceous arid ferrnginous until the iron-stone bed is reached.
It then presents a series of alternating beds of limestone and ferrugi-
nous marl to the Sparganium bed, which is scarcely at all ferrnginous.
The Credneria cliff consists of a soft, white, and nearly pure marl,
slightly tinted on weathered surfaces with iron oxide, The substance
of the leaves imbedded in this wmatrix is clearly visible, and gives the
impressions a very dark carbonaceous or lighter brown or lignite col-
ored appearance.

Judging from the slight northerly dip of the strata from the base of
the Laramie below Iron Bluff, where it is seen to rest on the Fox Hills,
and from Burns's Rauch, where the lowest strata lie beneath the bed
of the river, it seems probable that the summit of the Credneria cliff is
from 1,200 to 1,500 feet above the base of the Laramie.

6 GROL——35
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The locality on Clear Creek, fifteen miles above Glendive and about
three miles back from the river, yielded the largest quantiby of fossil
plants, but the flora was more uniform than that of other points and
consisted chiefly of Viburnum leaves, which seemed when collected to
belong almost entirely to one species, but upon closer study they prove
to vary considerably and embrace a number of distinet forms. The
other kinds of plants, too, which in comparison seemed very few and
meager, prove, when separated from the Viburnum leaves and care-
fully studied, to be quite numerous and varied. Very large and some
quite perfect leaves of Platanus nobilis, and of the species that possesses
the remarkable basal lobe (P. basilobata, Plates XLII and XLIIT),
occurred here, as well as Ulmus leaves, Hquisefum tobers, and Legu-
minosites fraits. In intimate connection with the abundant Viburnum
leaves, and not always easy to distinguish from Equisetum and Legu-
minosites, there were scattered through the shales, always in single
detached form. many ovate or elliptical lanceolate fruits, with deep
longitndinal furrows (Plate LXTI, Figs. 2-6), which, upon careful com-
parison, I am convinced are the seeds of the Vibwrnum. This fact
would not possess so great importance were it not that certain leaves
apparently identical with the most abundant kind found at Clear Creek
had been previously collected from the Fort Union group aud referred
to a ditferent genus. The discovery of these fruits in such immediate
relation to the leaves confirms in a very satisfactory manner the con-
elasion which I had previously reached and expressed that the leaves
published by Dr. Newberry as Tilia antiqua belonged really to the
genus Viburnum.

Most of the plants collected on Clear Creek came from a single stra-
tum ahout three feet in thickness, which could be traced for long dis-
tances along the cliff on the left bank of the creck valley and within
from twenty to fifty feet of its summit. The rocks consist of a limestone
shale which is so argillaceous as alwost to deserve the name of marl,
slightly ferruginous, light gray, and very compact. The layers are quite
thick, sometimes almost massive, so that very heavy specimens had to
be transported; but at some points a true compact marl oceurs, which
breaks with ease in hoth directions and has a conchoidal fracture.

Some nine miles farther up the broad valley of Clear Creek oceur some
elevated ledges, which were visited. On the top of an isolated butte in
this loeality a bed of compaet marl of very friable character was found,
containing leaf impressions. This florula was entirely different from
that of the locality farther down, and in fact from any other met with
on the Yellowstone. The impressions were very elear, but it was diffi-
cult to obtain entire leaves, owing to the ease with which the rock
would break across the plane of stratification. Tt was here that were
found the very remarkable digitate Aralia-like leaves figured below
(Plate XLVILI, Figs. 10-12, Plate XLIX, Fig. 1). Some of the finest
specimens of Corylus also came from this bed, and a peculiar fucoid (Spi-
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raxis bivalvis, Plate XXXI, Fig. 3) was abundant, having spiral stria-
tions, as it twisted. This fucoid always exhibited a tendency to split
open longitndinally into two equal valves, and many of the segments
lay around in halves, the plane of division being always smooth and even
and passing directly through the center of the specimen. Only a small
collection was made at this point.

The characteristic fossil of the Cracker Box Creek beds was a species
(or two very closely related species) of Viburnum (V. asperum, Newhy.,
Plate LXTV, Figs. 4-9, V. Newberrianum, Plate LXI V, Figs. 10-12, Plate
LXV, Figs. 1-3), which, however, differs very much from the abun-
dant forms of Clear Creek and does not occur there, nor does the
Clear Creek form oceur at Cracker Box Creelk, although the two loeali-
ties are only five miles apart and very similarly situated. On the right
banlk of the valley oceurred beds confaining Populus leaves, masses of
Taxodium FEuropewm, not elsewhere met with, and an abundance of
both Equisetum and eane (Arundo?), the latter very large. On the
lett bank oceurred the principal Viburnum bed, and in this a few other
plants were found.

The roek in which the specimens from this locality were embedded is a
highly caleareous marl, sometimes amountin g to argillaceous limestone
and slightly ferruginous. At certain points it is of a dark blue eolor,
sometimes nearly black, and in one fossiliferous bed the outer portion of
a small butte which was eat throngh by a gnleh was of a red color, like
that of Tron Bluff, while the interior was blue or dark, This was of
course due to combustion of the carbonaceons matter, the effect of
which had not penetrated to the center of the butte. This eombustion
did not atfect the echaracter of the plant impressions, but the nnburned
portion was much more easily worked and much heavier. Tu a few of
the oxidized buff specimens from this place, the peculiar diagonal mark-
ing, so striking at Iron Bluff, appears. It seems in these cases to ocenr
on the large gramineous culms.

The several localitics on the Yellowstone River above deseribed were
all visited by Dr. €, A. White and his party the year previous, and their
stratigraphical position determined ; but, nevertheless, wherever it was
possible I observed and eollected the mollusean forms, which, however,
were very rare. The following shells accompany my eollections and
have been kindly named for me by Dr. White :

From Tron Bluff: Sphwrinm (plannm ¥); Physa {(Canadensis ?).

From Burng's Ranch: Acroloxus minutus,

From Seven Mile Creek: Ironstone hed: Viviparus (species indeterminable); Unio
(species indeterminable); seale of a gar. Sparganinm bed: Splarimm {(speeies inde-
terminable).

From Clear Creek: Physa Canadensis, Whiteaves, ined.: Helix (Patula) (species
undeseribed ),

From Cracker Box Creek: Viviparas pradentins, White ; fragments of gasteropods.

Very few fossil plants were collected during the journey that was



548 FLORA OF THE LARAMIE GROUP.

made in August and September down the Missouri River from Fort
Benton to Bismarek; but observations that were made upon the Lara-
mie strata as seen at different points, and upon the vegetable remains
found in them during that journey, may fittingly be recorded here,

This formation was first met with as the Judith River group, near
Birch Creek, about 100 miles below Fort Benton. It here presented
the massive sandstore stratum at its base similar to that of the Bitter
C'reek deposits and appeared about 600 feet above the river, resting
upon the Cretaceous. Above this sandstone a few plant remains were
found in a soft, whitish-gray marl bed, too imperfect for specific identi-
fication, but showing the presence of BEquisetum and eoniferous and
monocotyledonous plants.

Before reaching this point, and much of the way from Coal Banks, an
extensive system of dikes of micaceous basalt was observed cutting
through the white Cretaceous sandstone in all directions and forming
picturesque objects along the river. These seemed to disappear as the
Judith River beds came into view, leaving the question of their age
relative to that of these beds unsettled ; but at a point 18 miles below
Claggett a single one of these dikes was observed to rise entirely
throngh the Cretaceouns and Laramie strata, both of which were here
exposed, thus proving conclusively that the upthrow of lava which
produced these dikes oceurred posterior to the depositi of at least a large
portion of the Judith River strata.

From a point about fifteen miles below Grand Island, where the Judith
River group may be said to end, to the Musele Shell, where the Fort
Union group proper may be said to begin, no Laramie-strata c¢an be
seen, and for much of the distauce from the month of the Muscle Shell
to Poplar Creek, 100 miles above the mouth of the Yellowstone, they
merely cap the hills or are wanting altogether. Below Poplar Oreek they
come down to the level of the river, and some twenty or thirty miles below
that point fossil plants were found, ineluding Populus and other Dico-
tyledons, as well as Conifers, at three different horizons in the eliffs on
the right bank of the river. At other points between this and Fort
Union, stems of eane and Equisetum were common, but no rich plant
beds were found. The Laramie hills here often form uwearly perpendie-
ular walls along the south bank of the river and thick beds of coal
may be traced for great distances. Much of the Carbonaceouns rock
has been burned ; and at one point the fire was still burning, the rocks
in the vicinity of a smoking crevasse being hot, but no actual ignition
being visible from withont. The progress of this combustion could often
be easily traced along a vertieal escarpment and the lines clearly seen
which were formed by its cessation. At one place the transition from
brick-red to dark slate eolor was abrupt along a vertieal line extending
from top to bottom of a wall several hundred feet high, forming a very
striking contrast.

At a point abount thirty miles below Fort Buford an interesting bed of
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northern drift was observed, forming a layer about two feet thick, close
down to the water’s edge. One hundred miles below Fort Buford a fine
deposit of typical Fort Union plants was found, the light slate-colored
marl containing them being, however, quite soft. At Little Knife Creek
another bed was examined. The Fort Union group is the only deposit
in view throughout all this region. Plants were seen at nearly all points
that were examined, and at Fort Stevenson I visited a range of low red
buttes three miles east of the fort, where I collected a number of good
specimens. They closely resembled the forms ot the Lower Yellowstone
and those previously described from various points within the Fort
Union group.

Below this point the coantry is more flat, the hills are lower and
more distant from the river, and there is evidence that the Laramie de-
posits are passing below the surface. Square Butte, eight or nine
miles above Bismarck, is capped by strata that appear to occupy the
summit of the formation.

LIST OF SPECIES ILLUSTRATED.

The proportions whiech this paper has assumed preclude any explana-
tory remarks upon the figures which I have selected to illustrate the
recent collections above desecribed from the Laramie group, and all that
can be added in explanation of them is a simple list of the names of the
species as they have been decided upon up to this time, leaving more
ample discnssion of the nice points involved, and the statement of the
evidence for or against these determinations, for a subsequent publica-
tion, This effort must be regarded as tentative, and subjeet to much
alteration as more thorough study of all the material in hand shall
throw additional light upon the many knotty problems involved,

CRYPTOGAMS.

Fucus lignitwm, Lx. Plate XXXI, Figs, 1, 2,
Pointof Rocks, Wyoming : white sandstone bed east of station (Fig. 1). Burng's
Ranch, Montana (Pig. 2).

Spirawis bivalvis, n. sp. Plate XXXI, Fig. 3.
Tead of Clear Creek, Montana.

CONIFER Ai.

Ginkgo Laramiensis, Ward, Science, Vol. V, June 19, 1885, p, 496, fig. 7.
Plate XXXI, Fig. 4.
Point of Rocks, Wyoming : gray sandstone hed north of station.
Ginkgo adiantoides, Ung. Plate XX XI, Figs. D, 1B,

Seven Mile Creek, Montana; Sparganium bed,
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Sequoia biformis, Lx. Plate XXXI, I'igs. 7-12.
Point of Rocks, Wyoming : white sandstone bed east of station (Figs. 7, 8);
white marl bed northwest of station (Figs. 9-12).

MONOCOTYLEDONS.

Phragmites Alaskana, Heer. Plate XXXITI, Figs, 1-3.
Burns’s Ranch, Montana.

Lemna scutata, Dawson. Plate XXXII, Figs. 4, 5.
Burns’s Ranch, Montana.

Sparganium Stygiwm, Heer. Plate XXXII, Tigs. 6, 7.

Seven Mile Creek, Montana.
DICOTYLEDONS.

Populus glandulifera, Heer. Plate XXXIII, Figs.1-4. Fig. 3a, enlarged.
Burns's Ranch, Montana.
Populus euneata, Newby. Plate XXXIII, Figs. 5-11.

Seven Mile Creels, Montana; Sparganinm bed (Figs, 5-10). Qlear Creek, Mon-
tana (Kig. 11).

Populus speciosa, n. sp. Plate XXXTV, Figs. 1-£.
Clear Creelk, Montana.

Populus amblyrhyncha, n. sp.  Plate XXXIV, Figs. 5-9; Plate XXXV,

Figs. 1-6.

Seven Mile Creek, Montana ; white marl bed,

Populus daphnogenoides, n. sp.  Plate XXXV, Figs. 7-9.
Seven Mile Creek, Montana ; white mar! bed.

Populus oxyrhyncha, n. sp.  Plate XXXV, Figs. 10, 11.
Seven Mile Creelk, Montana; white marl bed.

Populus craspedodroma, n, sp. Plate XXXVI, Fig. 1.
Burns's Ranch, Montana.

Populus Whitei, n. sp. Plate XXXVI, Fig. 2,

Burns’a Ranch, Montuna; colleeted by Dr. C. A. White in 1832 and named in
his honor.

Populus hederoides, n. sp.  Plate XXXVI, Fig. 3.
Seven Mile Creek, Montana; white marl bed,

Populus Richardsoni, Heer. Plate XXXVI, Fig. 4.
Burns’s Ranch, Montana.

Populus anomala, n. sp. Plate XXX VI, Fig, b.
Burns's Raneh, Montana.

Populus Grewiopsis, n. sp. Plate XXXV, Fig. 6.
Seven Mile Creek, Montana ; white marl bed.

Populus inequalis, n, sp. Plate XXXVI, Mig. 7.

Buras’s Ranch, Montana.
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Quercus bicornis, n. sp. Plate XXXVI, Fig, 8.
Seven Mile Creek, Montana ; bed below the ironstone.

Quereus Doljensis, Pilar.  Plate XXXVI, Figs. 9, 10.
Black Bufttes Station, Wyoming,

Querens Carbonensis, n. sp.  Plate XXXVII, Fig. 1.
Carbon Station, Wyoming.

Querens Dentoni, Lx.  Plate XXXVII, Fig. 2.
Point of Rocks, Wyoming; aray sandstone bed north of station.

Dryophyllum aquamaruimn, n. sp.  Plate XXX VIIL, Figs 3-5.
Blaclk Buttes Station, Wyoming.

Dryophyllum Bruneri, n. sp.  Plate XXXVII, Figs. 6-9.
Point of Rocks, Wyoming ; gray saudstoue bed (Figs. 6, 7). IToilges Pass, Wyo-

ming (Figs. 8, 9). Named in honor of Prof. Lawrence Bruner.!

Dryophyllum faleatum, n. sp. Plate XXX VII, Fig. 10.
Hodges Pass, Wyoming,

Dryophyllum basidentatum, n. sp. Plate X XXVII, Fig. 11.
Carbon Station, Wyoming,.

Corylus Americana, Walt. Plate XXXVIIIL, Figs, 1-5,
Seven Mile Creelk, Montana ; white marl bed.

Corylus rostrate, Ait. Plate XXXIX, Figs, 1-4,
Seven Mile Creek, Montana ; white marl bed.

Corylus Fosteri, n. sp. Plate XXXIX, Figs. 5, 6.

Head of Clear Creek, Montana (Fig. 5); Clear Creek, Montana (Fig. 6); the
latter collected in 1882 by Dir. White's party : the first by Mr. Richard Foster,
for whom it is named.

2 Corylus MeQuarrii, Heer. Plate XXXIX, Fig. 7.
Seven Mile Creek, Moutana; bed below the ironstone.
Alnus Grewiopsis, n. sp. Plate XXXIX, Fig. 8,
Hodges Pass, Wyowing.
Betula prisca, Btt. Plate XTI, Fig. 1.
seven Mile Creek, Montana; bed below the ironstone.
Betula covyloides, n. sp. Plate X1, Fig, 2.
Seven Mile Creelk, Montana: white marl bed,
B tula basiserrata, n, sp.  Plate XL, Fig. 3.
Seven Mile Crecls, Montana ; white marl bed.
Myrica Torreyi, Lx. Plate XL, Fig. 4.
Black Buttes Station, Wyoming,
? Juglans Ungeri, Heer. Plate X1, Fig, 5.

Burns's Ranch, Montana.

! Professor Bruner’s valuable services on this expedition are otherwise acknowledwed
in my administrative report for that year. (Sce Third Annual Report United States
Geological Snrvey, 1831782, p. 20).
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Juglans nigella, Heer. Plate X1, Fig. 6.
Bnrns's Ranch, Montana,
Carya antiqguorum, Newby. Plate XL, Fig. 7.
Carbon Station, Wyoming,
Platanus Heerii, Lx. Plate XL, Figs. 8, 9.
Black Buttes Station, Wyoming,
Platanus nobilis, Newby. Plate XLI, Fig. 1.
Seven Mile Creek, Montana; Sparganinm bed.
Platanus basilobata, n. sp. Plate XLII, Figs. 1-4. Fig. 4a, enlarged.
Plate XLIIT, Fig. 1.

Seven Mile Creek, Montana: Sparganium hed (Plate XLII). Clear Creek,
Montana (Plate XLIIT).

Platanus Guillelme, Gipp. Plate XTIV, Fig. 1.
Burns’s Ranch, Montana.
Platanus Raynoldsii, Newby. Plate XLIV, Figs. 2, 3.
Clear Creck, Montana; eollected in 18382 by Dr. White's party.
Ficus irregularis, Lx. Plate XLIV, Figs. 4, 5.
Golden, Colorado,
Ficus spectabilis, Lx, Plate XLIV, Fig. 6.

Golden, Colorado; collected in November, 1881, by Mr. ¢, W. Cross for Mr. 8. F.
Emmons.

Ficus Crossil, n. sp. Plate XLIV, Fig. 7.
Golden, Celorado; collected in 1881 by Mr. ¢. W. Cross for Mr, 8. F. Emmons,
Ficus speciosissima, n. sp. Plate XLV, Fig. 1.
Point of Rocks, Wyoming ; gray sandstone bed north of station.
Fieus tiliefolia, Heer. Plate XLV, TFig, 2,
Burns's Ranch, Wyoming.
Ficus sinwosa, n. sp.  Plate XLV, Fig, 3.
Black Butites Station, Wyoming.
Ficus limpida, n. sp.  Plate XLV, Fig. 4.
Clear Creek, Montana,
Ficus vibuwrnifolia, n. sp. Plate XLV, Figs. 5-9.
Clear Creek, Montana.
Ulmus planeroides, n. sp.  Plate XLV, Figs. 1, 2.
Clear Creek, Moutana.
Ulmus minima, n. sp. Plate XLVI, Figs. 3, 4.
Clear Creek, Montana,
Ulmus rhamnifolia, n. sp. Plate XLVI, Fig. 5.
Clear Creek, Montana.
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Ulmus orbieularis, n. sp. Plate XLVI, Fig. 6.

Clear Creek, Montana.
Lawrus vesurgens, Sap,  Plate NL VI, Fig. 7.

Bull Monntains, Montana ; collected by Dr. A. ¢ Peale in 18=5,
Laurus primigenia, Ung. Plate XLV, Figs. 8-10.

Carbon Station, Wyoming ( Fig. #). Poiut of Rocks, Wyoming; whitesandstone
bed east of station (Figs. 9, 10).

Litswa Carbonensis, n. sp. Plate XLVI, Fig. 11.
Carhon Station, Wyoming,
Cinnamomum lanceolatum, Heer. Plate XLVI, Fig. 12,
Hodges Pass, Wyoming.
Cinnamomum affine, Lx. Plate XLVII, Figs. 1-3,
Black Buttes Station, Wyoming,.
Daphnogene elegans, Wat. Plate XLVII, Fig. 4.
Black Buttes Station, Wyoming.
? Monimiopsis amborefolia, Sap, Plate XLVII, Fig. 5.
Seven Mile Creck, Montana ; Sapinduos bed,
? Monimiopsis fraterna, Sap. TPlate XLVII, Fig. 6.
Seven Mile Creel, Montana ; bed below the ironstone.
Nyssa Buddiana, n. sp. Plate XLVIL, Fig. 7.
Hodges Pass, Wyoming, Numed in honor of Mr, J. Budd, superintendent of

construction of the Oregon branch of the Union Pacifie Railroad, who
directed me to this locality.

Cornus Fosteri, n. sp. Plate XLVII, Fig. 8.

Upper Seven Mile Creek, ten miles above Glendive, Montana; collected by Mr,
Richard Foster, of Dr, White's party, in 18352,

Cornus Studeri, Heer. Plate XLVILI, Fig. 1.
Point of Roeks, Wyoming ; gray sandstone hed north of station.
Cornus Emmonsii, u. sp. Plate XLVII [, Figs. 2, 3,
Golden, Colorado (Fig. 2); collected by Mr. 8. F. Emmons, in July, 1882, Point of
Rocks, Wyoming : gray sandstone bed north of station (Fig. 3).
Hedera parvula, n. sp. Plate XLV IT, Fig. 4,
Clear Creelk, Montana.
- Hedera minime, n. sp.  Plate XLVIII, Fig. 5.
Head of Clear Creek, Montana.
Hedera Bruneri, n. sp.  Plate XLVILI, Fig. 6.
Black Butles Station, Wyoming,
Hedera aquamara, n. sp.  Plate XLVIII, Fig. 7.
Black Buttes Station, Wyoming,
Aralia notata, Lx. Plate XLVIII, Fig. 8.
Clear Creck, Montana.
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Aralia Looziana, Sap. & Mar. Plate XLVIII, Fig. 9.
Clear Creek, Montana,
Aralia digitate, n. sp.  Plate XLVIII, Figs. 10-12; Plate XLIX, Fig. 1,
IHead of Clear Creck, Montana.
Trapa mierophylla, Lx. Plate XLIX, Figs. 2-5.
Burag’s Ranch, Wyoming,
Hamamelites fotheryilloides, Sap. Plate XLIX, Fig. 6.
Seven Mile Creek, Montana; bed below the ironstone.
Leguminosites arachioides, Lix. Plate XLIX, Fig. 7.
Clear Creek, Montana..
Acer trifobatum tricuspidatum, Ieer. Plate XLIX, Figs. 8, 9.

Clear Creek, Montana (Fig, 8); collected by Dr. White's party in 1332,  Little
Missouri River, Dakota (Fig. 9); eollected by Hagden and Peale in 1883,

Acer indivisum, Web. Plate L, Fig. 1.
Carbon Station, Wyoming,

Sapindus affinis, Newby. Plate L, Figs. 2, 3.
Gladstone, Dakota: collected by Hayden and Peals in 1883,

Sapindus grandifoliolus, n. sp. Plate I, Figs. 4-8,
Seven Mile Creek, Montana ; Sapindus bed.

Sapindus alatus, n. sp. Plate L, Figs. 9, 10.
Seven Mile Creek, Montana ; Sapindus bed.,

Sapindus angustifolivs, Lx. Plate LT, Figs. 1-3.
Seven Mile Creck, Montana; Sapindus bed.

Vitis Brunert, n. sp.  Plate L1, Figs. 4, 5.
Carbon Station, Wyoming,

Vitis Carbonensis, n. sp. Plate LI, Fig. 6.
Carbon Station, Wyowing.

Vitis Xantholithensis, n. sp. Plate L1, Figs. 7, 8.
Burns's Ranch, Montana.

Vitis cuspidata, n. sp. Plate LI, Figs, 9-11.
Burns's Ranch, Montana.

Berchemia multinervis, Al. Br. Plate LI, Figs. 12, 13.
Golden, Colorado,

Zizyphus serrulata, n. sp.  Plate LI, Figs. 14, 15.
Buarns's Ranch, Montana.

Zizyphus Meekii, Lix. Plate LIL, Figs. 1, 2.

Carbon Station, Wyowing (Fig. 1). Bozeman Coal Mines, Montana (Fig, 2);
collected by Hayden awld Peale in 18533,

Zizyphus cinnamomoides, Lx. Plate LII, Fig. 3.
Seven Mile Creek, Montana; white marl bed.
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Paliurus Colombi, Heer, Plate LII, Figs. 4-6.

Burns’s Ranch, Montana (Figs. 4,5). Carbon Station, Wyoming (Fig, 6).
Paliurus pulcherrima, n, sp. Plate LII, IMig. 7.

Carbon Station, Wyoming,
Palivrus Pealei, n. sp. Plate LII, Figs. 8-10.

Liftle Missouri River, Dakota; colleated by Dr. A. C. Peale in 1833,
Celastrus ferrugineus, n, sp. Plate LII, Figs, 11-14.

Burns's Rauch, Montang (Fig, 11); Iron Bluff, Montana (Figs. 12-14).
Celastrus Tawrinensis, n. sp. Plate LIT, Figs. 15, 16.

Bull Mountains, Montana (Figs. 15); Burns's Ranch, Montana (Fig. 16).
Celastrus alnifolivs, n. sp. Plate LILI, Figs. 1, 2.

Burns's Ranch, Montana,
Celastrus pterospermoides, n. sp.  Plate LITI, Figs. 3-6.

Burns's Raneh, Montana.
Celastrus ovatus, n. sp. Plate LIIT, Fig. 7.

Iron Bluff, Montana,
Celastrus grewiopsis, n. sp.  Plate LIII, Fig. 8.

Burns’s Ranch, Montana,.
Celastrus curvinervis, n. sp.  Plate LILI y Figs. 9, 10,

Burns's Ranch, Montana.,
Buonymus Xantholithensis, n. sp. Plate LIV e e

Burns's Ranch, Montana.
Elewodendron servulatum, n.sp.  Plate LIV, Figs. 3-5.

Burng’s Ranch, Montana (Figs, 3, 4). Seven Mile Creek, Montana (Fig. 5).
Lilwodendron polymorphum, n. sp.  Plate L1V, Figs. 6-12.

Burns’s Ranch, Montana,
Grewia crenate (Ung.) Heer. Plate LIV, Fig. 13,

Bull Mouutains, Montana; collected by Hayien and Peale in 1833,
Grewia celastroides, n. sp. Plate LIV, Fig, 14.

Tron Bluff, Montuna,
Urewia Pealei, v. sp.  Plate LYV, Figs, 1-3.

Bull Mounfains, Moutana; collected by Dr. A. C. Peale in 1833,
Grewia obovata, Heer. Plate LV, Figs. 4, 5.

Seven Mile Creek, Montaua ; white marl bed,
Grewiopsis platanifolia, n. sp. Plate LV, Fig. 6,

Seveu Mile Creek, Montana ; Sparganium bed.
Grewiopsis viburnifolia, n, sp. Plate L'V, Fig. 7.

Burns's Rateh, Montana.
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Grewiopsis populifolia, n. sp. Plate LV, Figs. 8-10.
Burns's Ranch, Montana.
Grewiopsis ficifolia, n. sp. Plate LVI, Figs. 1, 2.
Black Buttes Station, Wyenming.
Grewiopsis paliurifolia, n. sp. Plate LVI, Fig. 3.
Black Buttes Station, Wyoming.
Pterospermites cordatus, n. sp. Plate LVI, Fig. 4.
Seven Mile Creck, Montana; bed below the ironstone.
Pterospermites Whitei, n. sp. Plate LV1, Figs. 5, 6.
Burns's Ranch, Montana; collected by Dr. C. A. White in 1882,
Pterospermites minor, n. sp.  Plate LVIL, Figs, 7-9.
Burns's Ranch, Montana,
Oredneria ? daturefolia, n. sp. Plate LVII, Figs. 1-5; Plate LV IIL,
Figs. 1-3.
Seven Mile Creek, Montana ; white marl bed

Plate LVIII, Fig. 6, represents a leaf of Datura Stramoniun, L., itroduced
to illustrate the similarity of its nervation to that of the fossilleaves,

Coceulus Haydenianus, n. sp. Plate LIX, Figs. 1-5.
Burns's Ranch, Montana (Figs. 1-4). Iron Bluff, Montana (Fig. 5).

Named in honor of Ensign Everett Hayden, U. 8. N., whe has taken a special
interest in this plant.

Liriodendron Laramiense, n. sp. Plate LX, Fig. 1.

Point of Rocks Station, Wyoming; -gray sandstone bed north of station.
Magnolia pulchra, n. sp. Plate LX, Figs. 2, 3. :

Poiut of Bocks Station, Wyoming; gray sandstone bed north of station.
Diospyros brachysepala, Al. Br. Plate LX, Figs. 4, 5.

Burnsg’s Ranel, Montana (Fig.4). Seven Mile Creek, Montana (Fig. 8).
Diospyros fieoidea, Lix. Plate LX, Figs. 6, 7.

Burps's Ranch, Moutana (Fig. 6). Clear (reek, Montana (Fig.7),
Diospyros ? obtusata, n. sp. Plate LX, Fig. 8.

Seven Mile Creek, Montana; bed below the ironstone,
Viburnum tilioides (Tilia antigua, Newby.). Plate LXI, Figs. 1-7;

Plate LXII, Figs. 1-6.

Clear Creek, Montana.
Vibuwrnum peryectum, n. sp. Plate LXTI, Figs. T-%.

(lear Creek, Montana.
Vibwrnum macrodontum, n. sp. Plate LXII, Fig. 10.

Clear Creek, Montana.
Vibuwrnum limpidum, n. sp. Plate LXIIL, Figs. 1-4.

Clear Creek, Montana,
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Viburnum Whymperi, Heer. Plate LXIII, Fig. 5.
(Mlear Creelk, Montana.
Viburnum perplexum, n. sp. Plate LXIII, Figs. 6, 7.
Burns’s Raneh, Mintana; collected by Dr. White's party in 1882,
Vibwrnum elongatum, n. sp. Plate LXIII, Figs. 8, 9.
Clear Creels, Montana,
Viburnum oppositinerve, n. sp. Plate LXIV, Figs. 1, 2.
Clear Creek, Montana.
Viburnum ereetum, n. sp. Plate LXIV, Fig. 3.
Clear Creek, Montana.
Viburnum asperum, Newby. Plate LXIV, Figs. 4-9,
Cracker Box Creek, Montana (Figs. 4-8). Seven Mile Creek, Montana ; Spar-
ganium bed (Fig, 9),
Viburnum Newberrianum, n. sp. Plate LXIV, Figs. 10-12; Plate LX Y
Figs. 1-3.
Cracker Box Crecl, Montana.
Vibwrnum Nordenskjildi, Heer. Plate LXV, Figs. 4-6.
Clear Creek, Montana (Fig.4). Little Missouri River, Dakota (Fig. 6). Glad-
stone, Dakota, (Iig. 5). The last fwo were collected Ly Dr. A. (. Peale in
1883,
Viburnum betulafolium, n. sp. Plate LXV, Tig 7,
Burns’s Ranch, Montana; collected by Dr. White's party in 1382,
Viburnwm finale, n. sp. Plate LXV, Pig 8.
Iron Blufi, Montan:.






. &
B




0, 8. GROLOATCAL SURVEY

=

&

A
V.Ti\z-\

G
N
SN

>

G
e Riets
S

] 2 oy

pe=7
3 3

CRYPTOGAMS.
TiGs. 1, 2. Yueus lignitum, Lx. Hic 3. Spiraxis bivalvis, o, sp.
CONIFERAE,

e, 4, Giokeo Loramiensiy, Ward. Fies. 5, 6. G. adiautoides, Ung Fics. 7-12, Sequoia biformis, Lx.
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MONOCO YLEDONS.

Fras, 1-3. Pliragmites Alnsgkana, TTeer. Fias, 4, 5. LemIR scutata, Dawson. Fias. 6, 7. Sparganium Stygium, Heer.
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COTY-EDONS.
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Fiss. 5-11, P, cuneata, Newby.

Fra. 3a. Enlged detail of Fig 3.

Fies. 14 Populus glandulifers, Heer.
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T10s. 14 Populus specioss, n. 59 PI6s. 5-9. P. awblyrliyncha, n. sp.
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Fi6s, 1-9. P hn”genoidea, 1. sp.

Fias, 10, 11, P, oxyrhyncha. n. sp.

Populus amblyrhyncha, n, sp.

Fias. 18,
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6.1 I 5 . 8. 5 %
Fie. 1. Topulus eraspedodroma, n. sp. F16. 2, P. Whitei, u. sp. Fia. 3. P. Lederoides, n. sp.  Fra. 4. P, Richardsoni, Heer.  ¥ic. 6. r"ﬂ“ﬁ Wosp.  Fro. 6. P. Grewiopsis, n. sp.  Fro. 7. P. inmqualis, n. sp.  Fic. 8. Quercus bicornis, n. sp.  Fias, 9, 10. Q. Doljensis, Pilar.
|
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F16. 10. D, faleatum, n. sp. Fia. 11. . basidentatam, n. sp.

Tigs, 6-9, D, Brunerd, n. sp.

Fi68, 3-5. Dryophyllom aquama'l'ﬂf b

Q. Dentoni, Lx.

Fic. 2.

sp.

Fic. 1. Quercus enrbonensis, n.
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Fies, 1-5. Cr.\r,\-"}l icana, Wale,
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Fi6, 8, Alnuns Grewiopsis, n. sp.

.‘]rma' : g
Fias. 5, 6. O. Fosteri, n. & « 0. MeQuarrii, eer,

Fius, 1-4. Corylus rvostrata, Ait.
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Fia. 1. Betula prisca, Ett. Fio. 2. B. coryloides, n. &p. Fic. 3. B. basiserrata, n. ap Fi6. 4. Myrica Torreyi. s isl“- 5. tJuglans Ungeri, Heer.  F16. 6. J. nigella, Ung. Fia. 7. Carya antiquornm, Lx. Tics. 8 9. Platanus Heeril, Lx.
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TF16, 1. Platanus nobilis, Newby.
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Tros. 1-4. Platanus basilobata, 7 8 F1e, 4n. Enlarged detail.
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DICOTYLEDONS.

FiG, 1, Platanus basilobata, n. 8p.
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BIEaTYLEDONS.

¥1e. 1. Platanus Guillelma, Gipp. Fiee: 2, 8. T, Raynoldsii, Newby. Tiaa. 4.9 Ficus irregularis, Lx. Fui 6. T spectabilis, Lx. Fra. 7 ¥. Crosaii, n. 8p.



G. 4. F. limpida, n. sp.

Fig, 2. F tilimfolia, Heer.
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DICOTYLEDONS.

Fifis. 1, 2. Ulmus planeroides, 1, sp.  Fios. 8. 4. U miotnm, 0 sp.  Fro. 6. T, rhamnifolia, 5. sp.  F16. 6, 1, orbicularis, . sp.  Fia, 7. Laurosresungens, Sup.  Fies, 8-10. L primigenia, Tnz,  Fie. 11, Litsma Carbonensis, 1. sp. Fia. 12 Cinvanommn laveeoltum, Heer.
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Digo T DONS,

Fri. 7. Nyssu Buddiana, n. sp. I1a. 8. Gornus Fosierd, n, sp.

Fie, 6, ! M. fraterna, Sap.

g &
Mg, 6, T Monimiopsis a‘i.r.nht.ﬂ"”ﬁl = Sap.

Fie. 4. Daphnogene elogans, Wat.

amomum afline, Lx,

Cinr

Freis. 1-3.
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picoTYLEDDNS,

Fro. 1. Cornus Stoder, Heer.  Tiew. 2, 8. C, Emmonsil, v sp.  Fre. 4 Hedern parvula, n.gp.  Fis. 5. T, minima, . sp.  Fia, 6. B BU0eM, 6 ap, P, 7. Hoaquamara, w.sp. Fie. 8, Awlianolata, Lx. Fic. 9, A. Looziana, Sap, & Mar.  Fies, 10-12. A. digirata, 1. sp.
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oicoTYLECUNS,

Fie. 1. Aralia digitata, n, 8 Fics, 35, Trapa mierophylla, Lx. Fi6. 6. Hamamelites fmhﬁrgi“"id“- Sap, Fi6. 7. Leguminosiles arachioides, Lx. Fias. 8 9. Acer trilobatum tricuspidatum, Heer.
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DIcOTY-ED0Ng

Fie. 1, Acer indivisum, Web. Fios, 2, 3. Sapindus affinis, Newbs” Figs. 4-8, 8. grandifoling, n. sp. Fias. 9, 10. 8. alatus, 1. sp.
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Frag. 1-3. Sapindus angustifolins, Lx. FIGe, 4, 5. Vitiy Bruneri, n. sp. T16, 6. V. Carbonensis, . s Fias. 7, & V. Xantholithen$is, n. gp. Fios. 0-11. V. cuspidata, n.sp. Fi6s. 12, 12, Bercliemla multinervis, Al Br. Fi68. 14, 15, Zizyphus sernlata: n. sp.
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DICOT YLEBONS,

Ties, 1, 2. Zizyphus Meokii, Lx. Tio. 3. Z. cinnamomoides, Lx, Fios. 4-6. Paliurus Colombi, Heer. ¥ia, 7, P, pulehertimg, u, sp. Figs. £-10, P, Pealei, 1. sp. F1a8, 11-14, Celastrus fervngineus, n. sn. Fies, 15, 16. C. Taurinensis, n. sp.
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DICOTYLESONS.

Tiss. 1, 2. Celastrus aluifoling, n. sp. Fias, 8-6. C. pterospermoides, n. sp. 16, 9 €. ovatus, n. sp. Fit, 8 €. grawiopsis, . sp. Fias, 9, 10, C. curvinervis, n. sp,
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DICOTYLEDONS.

Fia. 14, (. celagtroides, n, sp.

rewin erenata (Ung.), Heer,

Fre. 13. G

Fiog, 6-12. E polymorphum, n. sp.

Fius, 3-5. Elwodendron serrulatum, n. sp.

Fiis, 1, 2. Buonymus Xantholithensis, n. sp.
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DICOTYLEDQONS.

Fios, 1-3. Grewia Pealsi, u.. B Fias. 4, f. G. obovata, Heer, e, 6. Grewiapsis platanifolia, n. sp. Fra. 7. G, viburnifolia, n. sp. Fius, 8-10. G populifolia, n. sp.



HNCOTYLERONS,

Fii. 4 Pleradperm

n. 8.

Tie. 9 G. palinvifolia,

1. sp-

FiGe. 1. 2. Grewiopsis fieifolia,
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DEOTYLERGNS,

Fios, 1-5. Credneriat doturiefolia, n. sp.
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DICOTYLEDONS

Figs. 1-5. Credneria! datursfolia, n. sp- FiG. 6. Datura Stramoninom, T,
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DICOTYLEDONS.

Fias. 1-5. Cocenluy Haydenianis, n. sp,
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picQTYLEBONS -

Fia. 1, Lirfodendron Laramiense, n. sp. Fiss. 2, 8. Magnolin pulchra, n, sp. Fics 4, 5 Diospyros brachysepala, Al Br. Fiae. 6, 7. D. flcoiden, T.x. Frio. 8 D.? obtusata n. 8p.



BIXTH ANMNUAL REFORT PL. LET

iCAL BIRVEY

2

I, 8 GEQLO

LN
P&.@%@P
L
T

Y

i

el
i

YLEDDNS.

DIGO

Fics. 1-7, Viburnum tilicides,
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Fica, 1-6. Viburnum tilivides. Fias. 7-9. V. perfectum, u. sp. Fia. 10, V., macrodontum, n. sp.
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DICOTYLEDONS.

Fies. 1-4 Vibmmum limpidom, n. sp. Fi6. 5. V. Whywmperi, Heer, Frus. 6, 7. V. perplesum, 0. ap. Tios. 8, 9. V. olongatum, n. sp.
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U. B, GEOLOGICAL SURVEY

TYLEDONS,

B

BIC

Fris, 10-12. V. Newberrianum, n. sp.

Fies, 4-9. V. asperum. Newby.

F16. 3. V. erectam, n. sp.

Fics. 1, 2, Viburnum oppositinerve, n, sp.
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DICOTYLEDONS.

Fics. 1-3. Viburnum Newberrianum, n. sp. Fi1os. 4-6. V. Nordenskioldi, Heer, Fia. 7. V. betulifolinm, v, sp. Fic 8, V.fuale, 1. sp.
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A,

Abbe, Cleveland, consultation with, respecting
earthquake ohservalions, 61,
Abiquin, fosxils near, 188.
Acer indivisnm, Web., 554 : PL I, Fig. 1.
Acer trilobatuom tricnepidatnm, Heer, 554; Pl
XLIX, Figs. & 9.
Molian erigin of lovss, 286-288,
Mglinn ransportation of mineral matter, 247.
Agun Frin, gevlogie features near, 159, 163, 179, 180,
181.
Aix in Provence, fossil plants from, tahle, 443-514.
Ajx-la-Chapelle, iron sands of, 440,
fossil plants from, tuble, 443-514.
Alabama, topographic work in, 9, 10.
collections of fossils in, 75.
Albuguerque, geologic features near, 125,
Alesna, 176
Alzm of the Laramie Group, 518.
Alluviam, relation lo glacial action, 311,
Alnus Grewiopsis, Ward, 551; Pl. XXXIX, Fig, 8.
Alnus Keforsteinii, Gipp., 526, 530,
Altamont moraine, 2156,
Alum clays, Gay Tlend, 22,
American Lignitic, discussion us to age of, 415.
Anacardiacem of the Laramis Group, 521.
Angiosperne, fossil, table, 463-514.
“ Anticlinal*" inapplicable in Plateau region, 196.
Apetula, fossil, table, 471-400.
Apetali of the Laramie Gronp, 520, 521.
Appalachian Division of Geography, 7-10.
Appalachian Division of Geology, 23-25.
Appalachian region, avea surveyed in the seagon. 3.
Avraliaces of the Laramie Group, 521.
Aralia digitata, Ward, 554; Pl XLVIIT, Figs. 10-
12; PL XLIX, Fig. 1.
Aralin: Tooziana, Sap. & Mar,, 664; PL XLVIILIL,
Fig. 9,
Avalin notats; Lx., 553; Pl XLVTIT, Tig. 8.
Archean Division of Geology, 18.
Avchean ol the Plateau region, 167, 158, 160, 192,
Argol, litharge reduced by, 340, 347.
gilver reduoced by, 347,
Arizona, work in, 13,14, 75, 76
petrified wood in, 185,

B.

Bad Lands of Judith River, age of, 407, 411,
Bad Lands of Upper Missouri, 408.
Baird, 8. F,, aid of, XXIx.
Bakewellia, found near Fort Wingate, 134,
Bannister. See Meek and Bannister.
Baraboo River Valley, 262, 263.
Barrier beaches, 360, 382,
Burus, Carl, work of, 87, B8,
Bay of Fundy, nature of tids and shore, 368.

swamps reclaimed near, 877,
Benel, Horaee, eited on Praivie du Chien wells, 223
Bear River, age of estnary beds of, 412,
Becker, George ¥, work of, XXV, 67-70.
PBerchemin wmultinervis, Al. Br., 554 ; 'L L1, Tigs.

12, 14,
Berthoud, E. L., on the age of Laramic beds, 410.
Botula basiserrata, Ward, 551 ; PL XL, Thig. 3.
Betula coryloides, Ward, 551 ; PLXL, Fig. 2,
Petnla gracilis, Ludw., 530,
Betula prisca, Ett., §51; PL XL.; Fig. 1,
Bien, Julins, and Co., contracts with, 17.
Bien, Morris, work of, 8
Binney, W. G., work of, 80.
Bitter (reek fossil planis, 443-514, 539.
Bitter Creek sauvian fossils, 414, 415.
Bitter Creek series. age of, 422,
Black Buttes, 539.
PBlack River Falls, 228,
Black River Valley, 310.
Biankenburg, Credneria beds of, 440.
Blow-pipe assuy of silver, 320, 337, 338,
Bluewater, geologie fentures near, 120, 148, 150,
151, 180, 181.

Blnewater Cafion, 158
Bodfish, 8, H., work of, 4, 5, 30,
Boehwer, George H., aid of, 83,
Bolea. Sez Mounts Bolea, &,
Boston Harbor, 475
Bowlders, 252, 264-277.
Bracheux, fossil plants of, table, 441, 443-514.
Buell, T. M., work of, 87.

| Burns, Frank, work of, T4.

Arkoses de Brives, fossil plants from the, table, |

443-014.
Assays, lead, 330-341.
silver, table, 348-352. '
Atlantic and Pacific Railroad, geologic features
near, 125, 126, 127, 128, 187, 143, 145, 147, 152,
173,179,
coal on the, 140,
Atlantie Coast Division of Geology, 18-22
Aulrey Group, 132,183

Burns's Ranch, fossil plants from, 542-544.
.

Cabuzon, the, 171, 175, 174, 175,
California, area surveyed in Northern, 3.
geologicwork in State of, 67-70, 72, 73.
California Division of Geography, 15, 16
Call, R. E., work of, 28
identification of fossils, 285, 286
‘Canada, geologic work in, 45.
Cafion de Chelly, 136,
Cafion of Devil's Lale, 263,
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Cafions in Upper Mississippi Valley, ancient, 223,
231, 263,

Cape Cod benel, 870.

Cape Cod wornine, 215,

Cape Poge, 371,

Carhen and Bvanston, fossil plants from, table,
441-514.

Carboniferous  nonconformity in
Mountains, G5, 06,

Carboniferous of the Platenu region, 132, 133, 142,
157, 158,160,

Carbon Station, fossil plants from. 538.

Carpolithes horridns, Daws., 535,

Caryn antiguorum, Newby., 552; PL XL, Fig. 7.

Celastrine of the Laramie Group, 521, 527.

Celastrus alnifolius, Ward, 555; PL LIIL, Tigg, 1,2,

ERE

the Roocky

Celastrus eurvinervis, Ward, 555; PL. LITI, Figy.
8, 10.

Celastrus ferruginens, Ward, 555; PL L1I, Figs,
11-14.

Celastrus grewiopsis, Ward, 555; PL LIII, Fig. &
Celastrny ovatus, Ward, 555; PL LIIT, Fig. 7.

Celastrus pterospermoides, Ward, 555; Pl, LITL
Figs. 3-6.

Celustrus Taurinensis, Ward, 555; PL LIL Figs.
15, 16.

Cellular eryptogams (cellulares), fossil, table, d43-
448,

Cenomanian fogsil plants, table, 443-514,
Cenozoie invertebrates, division of, T8-80.
Chawberlin, I. C., work of, xx111, 3, 40.
and R, D, Salisbury, on driftless area of TTpper
Mississippi Valley, 190-322.
Champlain beds, 212,
Charles River inlet, 876,
Charles River marsh, 377.
Chatard, T. M., work of, 86, 87.
Chanvenet, W. M., work of, 40, 42-44.
Chaves Station, geologie features noar, 149, 151,
Chent Valley, investigntions in, 30, 31.
Chelsea heach, 370,
Chemistry and Physics Division, 86-88.
Chiext of driftless avea of the Upper Miasissippi,
251-254,
Chimneys, geologie, in limeatone, 256,
Chippewa River Valley, 262, 308, 310.
Choiska (Chuska) Plateau, 130, 140, 150, 188,
Cinder cones of Platean region, 165
Cinnamomum, oceurrence of, in the Laramie
Group, 438, 489, 531,
Cinnamomum affine, Lx., 553; PL XLVII, Figs.
1-3.
Cinngmomum laneeolatum, Moer, 530, 553; PL
XLVI, Fig. 12,
Cinnamemum Scheuchzeri, Heor, 531.
Cinnaumomum Sezannense, Sap,, 631,
Clarke, T, W., administrative report, 86-83,
Clays, nnalyses, 240, 250.
Clays of drift regions, 255, 266,
Clear Creek, Montana, fossil plants from, 546,
Coal, Bvanston, 541.
Laramie, 411, 437,
Montana, 52,
Rocky Mountain, Cretaceous, 413.
Coal beds, Colorado, 537, 538, 539.
foasils, 588, 539, 540,

INDEX.

Coal beds, Narragansett, 19, 20,
Conl traced to New Mexico, 410,
Cobscook Bay district, 19.
Cocenlus Haydenianus, Ward, 542, 543, 544, 550
Pl. LEX, Tigs, 1-5.
Colorado, geologic work in, 71, 72,
mountains of, 117,
roeks of, 132,
fossils of the Grand Casion of, 183,
enal in, 410.
lignite in, 415
Colorado Chiguite, 128, 146,
Colorado River, navigated by Tioutenant Ives,
1823,
Colombus, Xy,, gravels, 213.
Condon, Thomas, fossils presented fo Survey, 73.
Coniferm, fossil, list of species illustrated, 549, 5350.
Cenifere of the Laramie Gronp, 519,
Conuecticut, wark in feldspar quarries in, 87.
Joutinental divide, the, 120,
Ooutours of moraines, 264,
Cope, E. D, in Wheeler expeditions, 124, 140,
cited on New Mexico fossils, 138,184,
on the age of the Laramie Gronp. 411, 414, 418,
419, 497.
on the Cretaceons age of Upper Missouri
atrata, 413, 416, 419,
on correlation of Larimio with European
stratn, 427,
Copper, drift, in Eastern Michigan, 318.
Cordilleras, form of, 116.
Cornus Emmonsii, Ward, 553; PL XLVTIIT, Figs.
28,
Carnus Fosterd, Ward, 553; PL XLVII, Fig. 8.
Cormus Studeri, Heer, 553; Pl. XLVIII, Fig. 1.
Corrasion, glacial, 224,
Cornndum mines, 87,
Corylus, ocenrrence of, in the Laramie Giroup,
438, 4149,
Corylus Americana, Walt,, 551: PI XXXVIII,
Figs, 1-5
Corylus Fosteri, Ward, 551; Pl XXXIX, Tigs.
B, 6.
Corylus MeQuarrii, Heer, 551; Pl XXXIX, Fig. 7.
Corylns rostrata, Aif,, 551 PL XXXTX, Tigs, 1-4.
Covero. See Cubero,
Cragker-hox Creek, fossil plants from, 547,
Crawford County, Wisconsin, quartzose pebbles
in, 275,
Credneria, probable occurrence of, in the Laramie
Grroup, 534, 545.
Credneria beds of the Harz Mountains, 440,
Credneria daturefoiin, Ward, 545, 556; P1. LVLI,
‘Tigs. 1-5; Pl LVIIL, Figs. 1-5.
Cretaceons driff, 275,
Cretaceons fossil plants, table, 448-514.
Cretaceous of the Plateau region, 148; 139, 148, 157.
Cretaceous 75 Tertiary oricin of Laramie beds
discussed, 406, 433, 435, 533-536,
Crosby, W. 0., work of, 31,
Cross, W., work of, 62, 63.
Crowe, J. B., work of, 78-80,
Orust changes, 211, 224, 201, 800-302.
Crytogamia, fossil, table, 443-450,
 Cryprogams, fossil, list of species, illustrated, 549,
Cubero, geologle features near, 171, 179, \
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Capellation in silver assay, 336, 337,
Cupelling apparatus, 337.
Cupunliferss of 1lie Laramie (iroup, 520, 521.
Cartice, Cooper, work of, 75, 77,
Curtis, J. 8., administrative report, 71,
on quantitative determination of silver by
means of the microscope, 328-352.
Cut River marshes, 384-388.
Cyeadacem of the Laramie Group, 519,

D.

Dakota, geologic work in, 83, 34, 48,
sundstone of, 138, 139,
moraines in, 215.
glacial valley, 318.
Dakota Group, fossil plants, table, 443-514.
Dall, W, IT., administrative roport, 7880
Dana, E. 8., work of, 23,
Dana,J. 1), cited on driftless area, 205.
Daniels, Edward, cited on driftless area, 205.
Daphnogene eleguns, Wat., 553; Pl XLVII,
Fig, 4,
Dairwin, Chas. (., administrative report, 97-101,
Datura Stramonium, L., 556; PL LVIII, Fig. 6.
Davis, W. M., work of, 36, 61.
consnltation with, respecting earthquake ob-
servalions, 61
Dawson, (. M., eited on condition during north-
western drift deposit, 318,
on the age of the **lignitie formations of the
Wost," 417, 418.
on gynchronism of fossils, 440,
Dawsan,J W., on Laramie of British Provinens,
441,
on fassil Quercus, 531,
Defiance Velley, 148,
Deglaciation, 314, 315,
Dells of the Wisconsin, 229, 230,
Devil's Lalke, Wisconsin, 263.
Dewnlquen Gelindenensis, Sap. & Mar., 531.
Dicotyledones, fossil, table, 471-514.
list of species, illustrated, 550-557.
Dicotvledons of the Laramie Giroup, 520.
Diked lands, Green Harbor River, 384-388,
Diller, J. 8, work ol 60.
on metamorphosed sandstons, 157,
on measurement of loess particles, 280, 307.
Dinogaurs in the Luramia Group, 414, 422, 426, 427,
429, 431,
Diospyros brachysepala, AL Br., 556; Pl LX,
Figs. 4, 5.
Dioapyros ficoidea, Lx., 556; Pl LX, Figs. 6, 7.
Triospyros obtusata, Ward, 556; PL LX, Fig. 8.
Diplaziom Miidlerl, Heer, 530.
TDistriet of Columbia, work in, 16, 30.
Draughting Diviaion, 17.
Driftless area of the Upper Mississippt Valley,
199-322,
Dryophyllum, occurrence of, in the Laramie
Group, 5i4.

Dryophyllum  aguamarum, Ward, 3551; T,
XXXVII, Figs. 3-5.
Dryophyllnm  basidentatum, Ward, 551; PL

XXXVIL Fig. 11.
Dryophyllum Bruneri, Ward, 551; Pl XXX VII,
Figs, 6-4.
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| Dryophyllum falcatum, Ward, 561; P1. XXX VII,
Fig, 10.

Dubuque artesian well, 223, 303.
Dubugue loess, 282, 201,
Dutton, C. 1., work of, Xx1v, 59, 62,

on Mount Taylorand the Zuni Platean, 105-198,

vited on western mountain degradation, 226,
Duxbury Bay, 385.

E.

Elmedendron polymorphum, Ward, 535; PL LIV,
Figs. 6-12.

Elreodendron serrulatum, Ward, §55; PL LIV,
Figs, 8-5.

Tlk Monntaing, plications of, 104,

Emmons, 5. F., work of, Xxv, 62-67.

on the age of the Laramie Group, 422.

Endlich, F. M., term Post-Cretaceous applied to
lignite beds by, 424, 425,

Engelmann, H., on the age of the Bear River estu-
ary beds, 412,

Engraving for Survey, 17.

| Eocene fossil plants, 440,

Tacene foseils, 414,

Eocene of the Platean region, 132, 140

Eocene plants, table of distribution of, 448-514,

Equisetum, 547, 548,

Tstuarine swamps, 361,

Ettingshausen, Baron, on synchronism of fannas
and floras, 437.

Buonymus Xantholithensis, Ward, 555; Pl. LIV,
Figs. 1,2

Evanston and Carbon, fossil plants from. table,
443-514.

Evanston coal, 422,

Evanston coal field, 541.

F.

Faunul areas of the earth, 436.

Terns of the Lavamis Group, 518

Ficus, occurrence of, in the Laramie Group, 438,
439, 537, 536.

Ficus asaritolia, Ett., 530, 540,

Fieus Crossil, Ward, 552; Pl. XLIV, Fig. 7.

Ticus Dalmatica, Ttt., H20.

Ficus irregularis, Lx,, 538, 652; Pl XLIV, I'igs.
4,5,

Ficus limpida, Ward, 562; PL XLV, Fig. 4

Ficus sinuosa, Ward, 552; Pl. XLV, Tig. 3.

Ficus speciosissima, Ward, 552; PL XLV, Fig. 1. .

Ticus spectabilis, Lx., 552; PL XLIV, Fig. 6.

Ficus tiliafolia, Heer, 530, 552; PL XLV, Fig. 2

Ficus vibnrnifolia, Ward, 552; P1. XLV, Figs. 5-0.

| Filices of the Laramie Group, 5, 18,

Fjord structure on New Englund coast, 362, 363,
3680,

Flabellaria Zinckeni, Heor, 530.

Flood trains of the Tpper Missisgippi, 261, 262

Flora of the Laramie Group, synopsis of the, 399-
HaT.

I lprida, geologic work in, 80.

Foehr, Carl, cited on gilver analysis, 351.

Fontaine, William M.. administrativeraport, 85, 86,

Ford, 8. W., wark of, 75,

Farestry Divigion, 9.

Fort Benton, geologic fentures near, 548.
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Fort Buford, geologic features near, 549,
Fort Defiance, geologic features near, 123, 147, 148,
Fort Stevenson, fossil plants near, 549,
Fort Union deposits later than Southern Laramie,
439,
Fort, Union fossil plants, 405, 439,
collection of, 542-549.
table, 443-514.
Forf Union Gronp, age of the, 408, 420, 421.
Fort Union or great lignito fossils, 409,
Tort Wingate, geologic features near, 123, 120, 134,
137, 146, 149, 150, 152, 160, 188,
Fossil plants, genera extinet, table, 443-514.
living species, table, 443-514.
table of distribution, 443-514,
discussion, 515-536.
recent collections from Larmmie strata, 536-549,
Iist of Laramie species illustrated, 540-557.
Fossil shells of Platean region, identified by . D.
Walcott, 184,
Fossils in Rocky Mountain conl, 413,
Fringing deposits, alacial waters, 261, 262.
ponded walers, 262, 263,
Fueoids, fossil, 539, 540, 548.
Fuens lignitum, Lx., 549; Pl. XXXI, Figs. 1, 2.
Tungi of the Laramie Group, 518,
Fuveau, lignites of, 440.
foasil plants of, table, 448-514.

Q.

Galena loess, 281, 282.

Gallapagos Tslands now in age of reptiles, 436,

Gallup, geologic features near, 123, 143, 145,

coal near, 140,

Gamopetalx, fossil, table, 508, 514,

Gamopetake of the Laramie Group, 521.

Gannett, Menry, administrative report, 3-17.

Gannett, 8. 8., work of, 8, 9, 10,

Gary moraine, 215,

Gay Head alum clays, 22

Geiger, H. R., work of, 24, 25,

Geikio, A., reference to Western American fos-
sils, 432,

Gelinden, Marnes Heersiennos of, 441,

Gonera of foasil plants, number represented in
the Luramie, Senonian, and Eocens forma-
tions, 528.

table of the principal, 524.

Geographical distribution of genera of foasil
plants, 528-527.

Geographical discribution of life as related to
presert plant life, 527, 528,

Geographical distribution of life vs, synchronism,
435, 436,

Geographieal Division, 3-17.

Geolngical Survey, organization of the, XIX-XxIL

amounts appropriated for, in 1885, XxvurL

Georgia, topographic work in, 9, 10.

gevlogic reconnaissance in, 24,

Georgian Buy Valley, 318.

Guoysers, 54-59,

Gibson, A. M., work of, 75.

Gilbert, G. K., work of, xx1V, 22-95,

on Henry Mountains, 113, 121, 142, 167,
in Wheelerexpedition, 124,
cited on Nutria gection, 143,

INDEX.

Gilbert, G. I, eited on Western Mountain degra-
dation, 226,
Ginkgo, oceurrence of, in the Laramie Group,
529, 531, 541, 545.
Ginkgo adiantoides, Tug., 545, 549; Pl XXXT,
Figy. 5, 6.
Ginkgo Laramicnsis, Ward, 541, 540; PL XXXT,
Fig. 4.
Ginkgo polymorpha, Lx., 529, 531,
Girardot's coal mine, Colorado, fossil plants col-
lected at, 538.
Glacial corrasion, 224.
Glacinl dams, 211,
Glacial Division, 38-40.
Glacial epochs, 212, 214, 532.
Glacial erosion in New England, 362
Glacial geology. See Driftless area of the Upper
Missigsippi Valley.
Glacial planation, 207, 214,
Glacial ponding, 227.
Glacial wastage area, 210, 319, 322.
Glacinl waters, fringing depoaits, 261-263,
Glacinted distriet favorable to swamp formation,
368,
Glaciation,
322.
Gleason's Ranch, Montana, fossil plants from,
544, 545.
Glendive, fossil plants collected near, 542-549.
(Golden, Colorade, fossil plants of, tuble, 443-514.
geology of, complicated, 537, 5348,
Goniopteris polypodioides, Ett., 530,
Ganeh, F. A., work of, 54, 65, 56, 57, €6, 88,
Goode, R, U., work of, 11.
Gosan formation, plants of the, table, 440, 443-514.
Grand Cafion of tho Colorado, 117,132, 184, 181.
geology of| 144, 183,
Grand Wash fault, 101,
Grant Station, geologie features near, 151, 153,
157.
Great Bagin, 186, 187, 104, 195,
Great Basin Division of Geology, 22, 23
Great Lignitic or Fort Union Group, 400, 418.
Great Ree Valley, 318.
Green Bay glacier, 260,
Green Havbor River, diked lnnds of, 384-388,
area of marshey, 385,
artificial entrance to, 385.
Grevnland, observations on ice-fields of, 320, 421,
Green River, explorations of, 113, 115.
age of coal basin of, 411, 412,
Green River group, fossil planis of the, table,
443-514.
Grewia celustroides, Ward, 565; PL LIV, Fig. 14.
Growia crenata (Ung.), Heer, 555; PL. L1V, Fig. 13,
Grewia obovata, Heer, 555; PL LV, Figs. 4, 5.
Growin Pealei, Ward, 066; PL LV, Figs. 1-3.
Grewiopsis ficifolia, Ward, 556; PL VI, Figs. 1, 2.
Growiopsis paliurifolia, Ward, 556; PL LVI, Fig, 3.
Grewiopsis platanifolia, Ward, 555; Pl. LV, Fig, 6.
Grewiopsis populifolia, Ward, §56; P1, LV, Figs.
8-10.
Grewiopsisviburnifolia, Ward, 555; PL LV, Fig. 7.
Griswold, W. 1., work of, 8, 10.
Gymnosperma, fossil, table, 457-462.
Gymnosperms, fossil, 515, 516,

topographic agencies determining,
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Hague, Arnold, work of, XX1v, 54-50.
on the age of the Laramie Group, 422,
Hall, C. W., work of, 40.
Hall, James, work of, 27, 28, 32.
on subdivision of Cretaceous, 408.
Hallock, W. H.,, work of, 54, 53, 56, 57, 87,
Halymenites major, Lx., 538, 530.
Halymenites minor, Heer, 520.
Hamamelites fothergilloides,
XIIX, Fig. 6.
Hampton Beach, 382,
Harbors, aflected by marine swamps, 374
protected by marshes, 376,
Harz district, fossil plants, table, 443-514,
Hawaiian Islands, volcanoes of, visited, 181.
Hay, Rabert, work of, 32.
Hayden, Bverstt, work of, 81, 82, 4.
Hayden, F. V., administrative report, 48-53.
geological map of Missouri River region, 408,
409,
on Judith River basin, 410.
on age of Laramie Group, 413, 420, 425, 426.
Hayden and Meek, cited on Nebraska fossils, 407.
Tlazen, W, B., aid of, 61.
Hedera, oconrrance of, in the Laramis Gronp, 534.
Hedera aquamara, Ward, 558; PL XLVIII, Fig. 7.
Hedern Bruneri, Ward, 553; Pl. XLVIIL, Fig. 6.
Hedera minima, Ward, 553; PL XLVIIT, Fig. 5
Hedera parvula, Ward, 553; P1, XLVILL Fig. 4,
Heer, ()., on age of American plant beds, 431.
on the geologic age of Patoot, 440.
on certain fossil plants, 531.
Henry Mountains, examined by G. K. Gilbert, 113,
121, 142, 197.
Tletherington, H. 8., on Dubugue wells, 223.
Heyse, Panl, on La Crosse well, 223.
Hillers, J. K., work of, 96, 87.
Hoffiman, J. D)., work of, 16, 30, 45.
Hollund, swamps reclaimed in, 876, 380,
Holman, Paul, work of, 14.
Molmes, W. H,, administrative report, 94-97.
surveys in Ban Juan Valley, 124.
» Hooka,' sand, on coast, 371, 372
Howell, B, E., in Wheeler expedition, 124,
Hudson River fjord, 375.
Hudson River shales, 206, 220,
Hudson’s Bay, 819,
Huronian pebbles, 273,
Huronian rocks, 220.
Huron Mountains, 218,
Hurricano fault, 144, 191, 187,

Sap., b554; PL

X

Ice age, 312.

Tew attraction, 291-300,

Tee dams, 288-200.

Tee deformation, 302-804.

Teo fields of Greenland, 320,821

Tee incursion, 208, 815,

1ddings, Joseph P., work of, b4, 69,

Tllinois, geologic work in, 25.
driftless area of, 217, 276,
geologic features of, 268, 270, 280,
loess in, 285, 200,
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Tllinois drift, fossils in, 285, 286.
Tllustrations Division, 94-96.
Indiana, geologic work in, 35.
geologio features of, 314, 319,
Towa, geologic investizationsin, 81, 82, 88, 89.
driftless area of, 217,
geologic features of, 274, 275, 276, 305, 806, 810,
a14, 317,
Towa, loess in, 283.
Ipawich marshes, 369.
Ipswich River, 382, 383,
Iron Bluff, Montanu, fossil plants collected at, 542-
544.
Trving, R. D)., work of, xx1v, 4048,
cited, on driftless nrea, 315,
Irving, Mrs. R. D,, drawings of, 94.
Ives, Lientenant, explorations of, 123,

J.

James River Valley, 318

Jemez range, 130, 192, 103.

Jobnson, Lawrence C., work of, 74,

Johnson, Willard 1., wark of, 23.

Juantafoya, voleanic action near, 165,167, 168, 173,
174.

Judd, J, W, cited on Nile delta, 305, 306,

Judith River beds, age of the, 407, 400, 410, 411, 420,
548,

alleged Wealden facics of the fiiunaof, 410.

Juglans nigella, Heer, 552; P XL, Fig. 6.

Juglans Ungeri, Heer, 551; P1L. XL, Fig, 5,

Jurassie nonconformity in the Rocky Monntains,
64, G5.

Jurn-Trias of the Platean region, 138, 151, 186.

K.

Kansas, topographic work in, 10, 11.
goologic work in, 82, 38, 72.
geologie features of, 314,
Kansas City loess, 279, 280, 281. 282,
Kentueky, topographic work in, 9, 10.
geologic work in, 35, 36, 30.
Kery, Mark B., work of, 15, 16, 80.
Koettle Moraine, 259, 264, 308, 315,
Keweenawan pebbles, 273.
Keweenaw Point, 218,
King, Clarence, ov Laramie plants, 405, 408.
on the age of tue Laramie Group, 405,406, 411,
4926, 427.
on Green River coal beds, 411, 412
on the unconformubility of Tertiary upon Lar-
amie strata, 411, 412.
first to use the term Laramie Group, 406.
Knowlton, Frank H., aid of, in mussum, 85.
Kiibel, BEdward, work of, 17,

Wi

La Crosse artesian well, 223, 303.
Lagoons along Atlantic const, 370, 871.
Laguna, geologic features near, 171, 178
Lake Huron Valley, 318, 318,
Lake Koshkonong, 803, 304.

artesian well at, 223,
Lake Michigan basin, 218, 219,
Lake Michigan clays, 240,
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Lake Michigan Valley, 817, 318, 319, 320, i
Lake Pepin, geologio character of, 293, 242, 315,
Lake Superior Basin, 218, 219. ‘
Lalke Superior Division of Geology, 40-48.
Lake Superior Valley, 318, 319, 320.
Lane, Alfred €., nid of, in swamp measurements,
300
Laramie, term as applied by Haguoe and by m-
mons, 422,
Laramie nge, vegetation of the, 436.
Larnmie beds, 187, 188,
Laramie formation, brackish water fossils in, 185,
187.
Laramie Group. flora of ilie, 309-557,
localities embivaced in, 405, 441,
first use of the term, 406,
history of opinion regarding the, 406-433,
as bounded by C. A. White, 425,
nature and éxtent of the, 433,
Laramie Hills, fire now in earbonaceous rocks of,
548.
Laramie plants, recent callection of, 586, 537,
Laraune sea, 430, 438, 434, 437.
Laramio, Senonian, and Bocene planig, table of
distribution, 440-514.
Laurentian formations, 220,
Lanrentian pelibles, 273.
Laurinew of the Laramie Group, 520, 521,
Laurus primigenia, Ung., 530, 633 PL XLVI,
Figs. B-10.
Laurns resurgens, Sap., 558; PL XLVI, Fig. 7,
Lead assays, 330-341.
Lead cupellation, 316, 834,
Le Conte, John L., on Crefaceons age of Smolky
1l Fark coal, 410, 411.
on fossil planis fram Raton Pass, 413.
Leda clay, 372,
Leftingwell, W. H., work of, 63,
Leguminosites arachioides, Lx., 664; Pl. XLIX,
Fig. 7.
Leidy, See Meek and Leidy.
Leidy, I, on Judith River deposits, 407, 408,
Lemna scutata, Dawson, 540, 550; PI. XXXIT,
Figs. 4,5,
Lesquerenx, Loo, on the age of the Laramic Group,
418, 414, 415, 416, 417, 420, 476, 438; 440, 441.
Library of the Survey, XX1, XXT1, 98,
Lignitic, term almndoned by Hague and by Em- |
nmong, 422,
Lindgren, Waldemar, work of, 70,
Liriodendron Luramiense, Ward, 556; P1, LX, Fig.1,
Litharge, reduced by argol, 846,
reduced by charcoal, 847,
Litsea Carbonensis, Ward, 553; Pl XLVI, Fig.
11;
Litilo Colorado, 129, 146,
Loess, 221, 278-307.
composition of, 245-248,
size of particles of, 248-249,
Locss bavder of drifiless area, 211. |
Loew, Oscar, cited, 130,
London clay, fossil plants, table, 443-514,
Lower Laramie, collection of fosail plants from,
537-541.
Lower mugmesian limestone, 208, 220, 236, 252, 256,

Lynn beach, 370.

INDEX.

M.

MeCarty's Station, geologie fentures near, 170.
MeGee, W T, administrative Teport, 25-32.
artiele in Gealogical Magazine cited, 215.
on loess of Towa, 314.
Magnolincem of the Lavamie Group, 521, 527,
Magnolia Hilgardiana, Lx., 529,
Magnolia Tesleyana, Tx., 520,
Magnolin pulehra, Ward, 556; Pl LX, Figs. 2,3.
Maine, geologic work in, 36, 87.
Malpaiy, 128, 120,
Mannelito, geologie features riear, 137, 147,
Map, general United States geologic, Xv-x1x, 25,
26, 21,
local geologie, of New York, Pennsylvaning,
and New Jersey, 26,
New York geologic, 27-29.
geologie, of Texas, &e,, 20,
Maps, scals of, 8, 10, 11, 16, 25, 26, 28.
New Jersey, b.
necessary for geologic study, 122,

| Marhle Cafion, 132,

Marblehead Beach, 270,
Mareou, J., geology of North America, 193,
Marcon, I, B., work of, 74.
Marine swamps, 874,
rate of growth of, 376.
Marnes Heersiennes of Gelinden, 441.
Marsh, (. €., administrative report, 71, 72.
dn the age of the Luramie Group, 412,413, 422,
423.
Marsh areas betweon the Hudson and Portland,
380-398.
Marshes, 20, 21,
how exclude sea from, 379,
crops on, 387,
Marshficld marshes, 384, 358,
Martha's Vineyard, surveys of, 21.
bench at, 870.
hooks at, 371, 372,
marshes at, 300,
Marvin, C. F., aid of, 61.
Marvine, A., on age of thoe “gnitie formation,™
416, 417,
Maryland, topographic work in, 8 10.

| Massachusetts, relations of, to Geological Survey,

XXVT, 4
aren surveyed in the season, 3, 5,
topographic work in, 4.
geologiv work in, 24, 36,
Magsachusetts Bay, nncient swamp remains in,
371,
Miuuna Loa, 182
Mead, ID. W, work of, 37.
eited on elevation of Chippewa terraces, 308,
408,

| Meok, . B., on Montana fossils, 49, 51,

cited on shells of New Maxico, 181,

on subdivision of Cretaceous, 408.

on the nge of the Laramis Group, 412, 415,420,
421,

denth af, 424, .

on sychronism of fosgils, 536.

Meek and Bannister, discovery of Bitter Creels

Dinosaur by, 414, 415.
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Meek and Hayden, on Upper Missouri geelogy,
4086.
on Nebraska fossils, 407.
on Tertiary of Upper Missouri, 408, 408, 410,
Meek and Leidy, on lignites, 407.
Maelville, W. H., work of, 70.
Memphis gravels, 213.
Mer de glace, 205, 210
Hudson’s Bay, 319,
Greenland, 320.
Mississippl Valley, ancient, 322.
Merrinm, W. N., worle of, 40-42, 46, 47.
Meaas, 126, 127,
Merozoie Invertebrate Division, 72-T4.
Mesozoie strata of Plateau reglon, orvigin of, 186,
187.
Michigamme watershed, 218,
Michigan, geologic work in, 42, 45,
Micrometer measuring apparatus for silver analy-
sis, B31-854.
Microscope, quantitative determination of silver
by means of, 323-352.
Migration and alferation of plant life, 532.
Mineral Spring, Colo., geologie leatures near, 123,
. 145,146, 147.
Mining Statistics Division, 88-83.
Minnesota, geologic work in, 40--44, 74, 75.
driftiess areain, 217,
moraines in, 250.
geologionl features of, 810, 314,
Minnesota Valley, 317.
Miocene, Fort Union Group, 413.
nnsafe assignment of Lower Laramie to, 530.
Miocene fossil plants, table, 443-514.
Miocens of the Platean region, 190.
Mississippi, geologic features of, 280.
Mississippi River, geologie channel of, 230.
Mississippi Lertiary, species of plants common to
it and the Laramie Gronp, 529.
Mississippi Valley, capacity of, 257, 258,
driftless aren of Upper, 100-322.
Missouri, geologic work in, 10, 11, 89,
geologic features, 290,
Missouri-liansas section, area surveyed in the
season, 8, 11
Missouri River, lignite of the Tpper, 406,
descent of the, by geologicul purty. 547, 548,
geologic featnves along Upper, 548,
Mogollon Mountains, 120,
Mollusean remains fonnd associated with foseil |
plants ou the Lower Yellowstone, 547,
Monimiopsis nmborefolin, Sup., 558; PL XLVIL, |
Fig. 5. |
Monimiopsis fraterna, Sap., 553; PL XLVII, Fig. 6
Monoelines of the Platean countbry, 118, 142-153.
Monoeatyledones, fossil, table, 463-471.
list of speeies illustrated, 550.
Monocotyledons of the Laramie Group, 519,
Monangahela Valley, investigations in;, 80, 31.
Monroe, Wis., geologic features near, 266, 267.
Mountana, geologic work in, 43-33,
Montana Division, 48-55.
Moorhend, Anuie 8., work of, 81, 82, 04
Moraines of the Upper Mississippi, 250-277,
Monntain ranges, origin of, 196, 197,
Mount Floyd, 119,
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AMounts Bolea, Pastello, and Promina, fossil plants
of, table, 443-614.

Mount Sedgwicls, 158, 159, 192.

Mount Taylor and the Zufi Plateau, 105-198.

Mud-flats, 365, 366, 368, 377.

Muffie furnace in silver assaying, 336,

Miiller, Brano, work of, 83,

Murrish, John, eited on driftless area, 205.

Mussel Shell River, geologic foatures near, 548,

Myalina found near Fort Wingate, 134,

Myrica Torveyi, Lx,, 551; PL XL, Fig, 4.

Myrtucem of the Laramie Group, 521.

Myrtophyllam eryptoneuron, Sap, & Muar., 531

Mystic inlet, 376.

N.

Nucimiento or Jemez Range, 130, 192, 1903,
Nantueket marshes, 390,
Nantucket moraine, 215.
Narragansett coal-field, 19, 20.
Navajo Church, the, 148, 152,
Nuvajos, sacred place of the, 180,
Nebraskas, geologie work in, 34, 39, 72
glacial features, 213.
geologic features, 314, 317.
liguite in, 406, 411.
fossils in, 407.
“Necks,” voleanic, defined, 167,
Nell, Louis, work of, 8, 0.
Nelson River,318.
Newhberry, J. 5., explorations, 113,
eited on geolozy of Plateau region, 123, 130,
136, 138, 167, 175.
citedl on Nacimiento or Jemez Range, 192
143,
on Laramie plants, 405.
on the age of the Laramie Group, 413, 415,
416.
Newburyport, swamps near, 381-384,
New England coust swamps, 362-374.
New England Division of Geography, 4, 5.
New Hampshire, geologic work in, 24
New Jersey. ares surveyed during season, 3,6.
maps of, 5, 7.
relations of, to the Geologieal Survey, 5-7.
New Mexico, geologic work in, 105-188,
petrified wood in, 135,
lignite in, 406,415,
conlin, 410.
New York, geologic work in, XXvI, 24, T4, T5.
geologic map of, 27-28.
investigations in, 32, 74,

| New Zealand, now in age of birds, 436.

Nonglaviation, evidence of, 237-230.

Nordenskjdld, Baron, cited on ice of Greculand,
319, 320, 321,

North America, geology of, by Jules Marcon,
123.

North Carolina. topographic work in, 8,10,

geologic work in, 24-87.

Northern Pacific Railroad, geologic features
near, 542-540.

Nutria, geologic features at, 143, 144, 145, 152, 160.

Nutria monocline, 130, 142-153.

| Nutria Spring, geologie fentures at, 143,

Nyssn Boddiana, Ward, 533; P1. XLVIL, Fig, 7.
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Olio, geologic work in, 35, 36, 74, 75,
geologic features of, 319.

Obio Valley, investigations in, 30, 31,

Old Forest Bed, 215,

Oligocene fossil plants, table, 443-514.

Orange sand, 218, 231.

Oreas Tslands.  See Vancouver.

Oregon, geologie work in, 67, 73.

Owen, D. D., cited on driftless area, 205,

P

Pacific Division of Geology, 67-70.
Palepbotany, division of, 81-85.
Paleocene, plant-bearing localities of the, 441,
Paleocene plants, table, 443-514.
Paléozoic Inverlebrate Division, T4-78.
Palaozoic of Mississippi Vallay, 242.
Paleozoic of the Plateau region, 194,
Paliurus Colombi, Heer, 556; PL. LIT, Figs. 4-6,
Paliurus Penlei, Ward, 555; I'l. LII, Fligsa. 8-10.
Paliurus pulcherrima, Ward, 555; P1. L11, Fig, 7.
Palms of the Laramie Group, 519, 520, 537, 534,
Paiis Basin, fossil plants of the, table, 443-514.
Paatello. See Mounls Bolea, &e.
Patoo, fossil plants of, table, 440, 443-514,
Paul, H. M. | consultation with, respecting earth-
quake observations, 1.
Peace and Pine Rivers, fossil plants of, table, 440,
443-514.
Peale, A, C., worlk of, 40-53.
on age of {he Laramie Group, 420,425,
Pearson, F. M., work of, 8, 9.
Pebble border of driftless area, 259, 271, 313,
Pebhle distribution, 275.
Pebble drift, 271-277.
FPebblea classified, 272, 273,
Pecatonien River, 218.
Pennsylvania, geologio work in, XXv1, 25, 85, 74,
Th.
Pereival, James G., cited on driftless area, 203,
Permian series of the Plateau region, 129,132, 134,
135, 141, 142, 143, 147, 148, 153, 184, 183, 180.
Phaenogamia, fossil, table, 457462,
Phragmites Alagkana, Heer, 550; Pl XXXIT,
Figs. 1-3.
Pine River. See Peace and Pine Rivers, &o.
Pistia corrngata, Lx., 540, 544.
Platanus, occurrence of, in the Laramie Group,
524, 525, 537, 545, 546.
Platanus basilobata, Ward, 546, 552; Pl XLII,
Figs. 14, 4e¢; Pl. XLIII, Fig. 1.
Platanus Guillelme, Gépp., 552; PL XLIV, Fig. 1.
Platanus Heerii, Lx., 534, 552; PL XL, Figs. 8, 9.
Platanus nobilis, Newby., 441, 546, 552; PL XLI,
Fig. 1.
Platanus Raynoldsii, Newby., 552; PL XLIV,
Figs. 2, 3.
Platean country, the, 3, 113-124.
area surveyed in the season, 3.
fossiliferous rocks of, 131, 132, 134, 138, 188.
atratigraphy of the, 131-140.
sandstones in, 132, 185, 136, 137, 138, 139, 148,
150.
limestones in, 133, 136.

INDEX.

Platean country, fossils of, 134, 186, 138, 185,
silieified wood in, 154, 135, 184, 185.
gypaum in, 157, 186,
conl-heds in, 140, 185,

Eocene of, 140.

basalti in, 172,

age of eruptions in, 177-162.
marine deposita in, 184, 185,
mollusean fossily of, 185,

Plattner scale, 829, 331.

Pliocene fossil plants, table, 443-514.

Pliocene in Nolbraska, 212,

Plum Island marsh, 377, 381-384.

Point of Rocks, fossil plants from, 540.

Point of Rocks beds, age of, 422.

Polypetal®, fossil, tablo, 400-509,

Polypetals of the Lavamie Group, 521.

Pomeroy, Howard N., death of, 15, 16

Panded waters, deposits of, 262, 263.

Ponding of glavial waters, 227, 262, 269, 250.

Populus, aceurrence of, in the Laramie Gronp, 438,

439,
Populus amblyrhyncha, Ward, 550; Pl. XXXTIV,
Tigs. 5-9; Pl XXXV, Figs. 1-5,

Populus anomals, Ward, 550; Pl XXXVI, Fig.

5

Populus craspedodroms, Ward, 550; PL. XXXVI,
Fig. 1.

Populas cuneata, Newby., 550; Pl XXXTIT, Figs.
5-11.

Populus daphnogenoides, Ward, 550; PL XXXV,
Figs. 7-9.

Populus glandulifera, Heer, 550; Pl. XXXIIT,
Figs. 14,

Populus Grewiopsis, Ward, 550; Pl, XXXVI,
Fig, 6.

Populus hederoides, Ward, 550; Pl XXXVI,
Fig. 3.

Populus inmqualis, Ward, 550; PI. XXX VT, Fig.7-
Topulus monadon, Lx., 529.
Populus oxyrhyncha, Ward, 550; Pl XXXV, Figs:

10, 11.
Populus Richardsoni, Heer, 550; Pl XXXVT,
Fig. 4.
Populus specioan, Ward, 550; PI. XXXTV, Figs.
14,

Populus Whitei, Ward, 550; PL XXXVI, Fig. 2.

Tort Hudson gravels, 213.

Post-Cretaceons applied to Laramie, &c,, 423,424,
425,

Potomac Valley, investigations in the, 30, 21.

Powell, J. W., explorations, 115.

cited on Westorn mountain degradation, 226.
on the character of the Laramie aea, 421,

Prairie du Chien artesian well. 223, 403,

Froglacial degradation, 235,

FPrictamesa, 166, 175,

Promina. See Mounts Bolea, &c.

Plerospermites cordatus, Ward, 556; Pl LVI,
Fig. 4.

Tterospermites minor, Ward, 556; PL LVI, Figs.
7-.

Plerospermites Whitei, Ward, 6556; P1. LVT, Figa.
5, 6.

Publioations of the Survey, XXI1, XX111, 98-101.

Puerco Valley, 129, 166, 171, 173, 175, 177.
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Pumpelly, Raphael, work of, xx1v, 18.
Pyramid Valley sandstones, 137.

Q.
Quartzite, Baraboo, 220, 228, 242,
Quartzite drift, 272,
Quaternary formations of the interior, table of,
211-216.
Quaternary fossil plants, table, 443-514,
Quedlinbmrg, Cradneria beds of, 440,
Quercus antigua, Newby., 531.
Querens bicornis, Ward, 551; P, XXXV, Fig. 8,
Quercus Carbonensis, Ward, 551; PL XXXVII,
Fig. 1.
Quercus chlorophylla, Ung., 530.
Quereus Dentonl, Lx,, 551; Pl. XXXVII, Fig, 2.
Querens Doljensis, Pilar, 551; Pl. XXXVI, Figs.
9,10,
R

Raton Mountnin fossil plants, 413, 443-514.

Raton Pass, coal at, 410.

Red Cedar Valley, 269.

Red River of the North, 313, 819,

Red Wall Group, 132, 183.

Reglaciation, 314.

Renshawe, John H., work of, 14, 15.

Residuary earths, physical characteristios, 240-242.
microscopic eharacteristics, 244-248,

Residuary material, amount, 254-256.

Residnary products {rom solution, 230-258,

Revere beach, 370,

Ehamnes of the Laramie Gronp, 521.

Rhamnus alaternoides, Heer, 580.

Rhine loess particles, 279.

Richter, Theodor, cited on the assay of silver

ores, 329, 331.

Riggs, R, 1., analyses of clays by, 249, 250,
analysia of loess by, 281, 282,

Rio Grande region, 116, 117, 122,
climate of, 125.

Tock relies in dritt region, 251-254.

Rock River Valley, 223, 234, 264, 303, 304, 310,

Rockwood, €. G., consultation with, respecting

earthquake observations, 61

Rocky Mountain coal, Cretaceons, 413,

Rocky Mountain Division, 62-67,

Rocky Maonntain inland sen; 421, 433,

Rocky Mountains, 48-53, 62-67, 116, 117, 195, 196.

Réminger, C., aid of] 47.

Rosneeie of the Laramie Group, 521

Rounds, 5. P., aid of, xxIx.

Rusgell, I. C., work of, 23, 24.

8.
Babal Campbellii, Newhy., 530, 537.
Sabal Grayanus, Lx., 520,
Sables de Bracheux, 441.
Saint Vrain River, geologic formation at mouth
of, 538.
Salazar, geologio fentures near, 170, 143,
Balicines of the Laramie Group, 520, 521.
Sulisbary, R. D., work of, 34, 85.
cited vn driftless area, 205,
to prepare bulletin on residuary materials, 240,
and T, C, Chamberlin on driftless area of Up-
per Mississippi Valley, 199-322.
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Salix integra, Gopp., 530,
Salt, upward working, in swamp lands, 388.
Salt marsh, 365, 366, 307, 368,
Salt marshes, agricultural value of, 378,
Salt marshes of New England, catalogue of, 380~
398,
Balt water swamps, 361.
Sand beaches, 370, 371,
Sand hooks on coast, 871, 872.
Sandy Hook, surveys at, 6, 7.
San Francisco Mountains, 119, 120,
Sangre de Cristo Mountaing, 117,183,
San José, geologic features near, 159.
San José Valley, 127.
lavas of, recent, 179-182.
San Juan Mountaing, 117, 120, 193,
San Juan Valley, explorations in, 124, 140,
San Luis Valley, 193,
San Mateo monoeling, 151,
BSan Rafael, geologic features near, 180.
Ban Rafael swell, 121, 122, 162,
Santa Fé, geologie features near, 175,
Sapindacem ol the Laramie Group, 521.
Bapindus, fossil, 428, 545.
Sapindus affinis, Newby., 654; Pl L, Figs. 2, 3.
Sapindus alatus, Ward, 554; PL L, Figs. 9, 10.
Sapindus angustifoling, Lix., 554; PL LT, Figs. 1-3.
Sapindus grandifoliolus, Ward, 545, 554; P1, L,
Figs. 4-8.
Saporta, Marquis, 526.
Bapotacites reticulatus, Heer, 531.
Sanpgus inlet and marshes, 368, 870, 376, 877,
Saurian fossils discovered in Bitter Creek series,
414.
Sayles, Ira, work of, 24, 25.
Schott, A. L., aid of, in musenm, 85,
Sea-coast swamps of the Eastern United States,
preliminary report on, by N. 5. Shaler, 353-
398,
Selwyn, A. R. C., specimens from, 47, 76.
Senonian, plant-bearing localities of the, 439, 440
Senonian plants, table of distribution of, 443-514.
Seqnoia biformis, Lx., 540, 530; Pl. XXXT, Figs.
7-12.
Sequoin Langsdorfii, Brongn., 529, 521
Seven-Mile Creek, Montana, fossil plants collected
an, 544, 545.
Sézanne, plant bearing travertines of, 441.
Shaler, N. 8., appointment of, as Massachusetts
commissioner, 4.
administrative report, 18-22.
glacial studies of, 89.
preliminary report on sea-coast swamps of
the Eastern United States by, 351-388
Shaw, James, cited on driftless area, 205.
Shindramp conglomerate, 134.
Shamway, W. A., work of, §, 9. 10,
Shutt, George W., administrative report, 93.
Sierra Abaje, 121,
Sierra Carriso, 121,
Sierra Chivoto, 160,
Sierra E1 Late, 121,
Sierra La Plata, 121.
Sierra La Sal, 121,
Bilt, 211.
source of, 304, 305.
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Bilt. &ee, also, Loess.
Silt-bottomed valleys, 226, 227,
8ilt in Laramia sea, 434.

Silt in swamp making, 360,

INDEX.

| Texas, area surveyed in the season, 3.

topographic worl in, 10, 12, 13.
geologio sketch of, 29,
geologia worl in, 72, 75, 76,

Silver, quantitative determination of, by means ‘ Thompson, A. H., work of, 10-14.

of the microscope, 323952,
Silver aasnys, tables, 348-352.
Silver-beads, ealeulation of, 342-245,
Slaices, automatic, in reclaiming marshes, 379,
Smoky ITill Fork coal older than Upper Missouri
coal, 411.
Snake River Valley, 171.
Svissons, See Paleocene plants, table.
Soutlh Table Mountain, Colovade, fossil plants
from, 538.
Senthwestern Division of Geography, 10-14,
Sparganinm Styginm, Heer, 545, 550; Pl XX XTI,
Figa. 6, 7.
Species of fossil plants llustrated, list of, 540-557,
Spheria, species of, from the Laramie Group, 518.
Spiraxis bivalvis, Ward, 547, 549: P1. XXXIT, Tig. 8.
Squier, ¢, H., cited on driftless aren, 205,
Stearns, R.E.C., work of, 78-80,
Sterenliacew of the Laramic Group, 521,
Sterculia modesta, Sap., 520.
Sterenlia varinbilis, Sap., 531,
Stevenson, J. T., on the age of the Laramie Group,
419, 431,
Stone, George M., work of, 36.
Strong, Moses, cited on driftless aren, 205,
eited an geology of Wisconsin, 275, 276, 8140,
Subsidence and elevation of const, 371, 872, 373,
Bubsidenes in swamps from decay of vegetabla
matter, 888,
Sugar Loaf nt Winona, 233, 234.
Surveys, history of American State, 20,
Swamp Jands, value of, 388,
Swamps, 20, 21.
estuarine, fresh, and snlt water, 361.
agrienltnral ntilization of, A76.
reclamation of, 376-280.
Swamps of the eastern Unifted States coast,
353-308,
“Bwell " defined as a geologic term, 101.
Synchronism of Liramie deposits, 432, 435,
Bynchronism s zeographical distribntion, 435,
416, 437, 523-527.
“Synelinal” inapplicable in Platean region, 196,

Synopsis of the flora of the Laramie Group, 300- |

557.
i 1

Table of distribution of Laramie, Senonian, and
Eocene plants, 443-514.
explanation of, 440,
discussion of, 515.
Taxodium Enropsenm, Brongn., 530, 547
Tennessee, topographie work in, 9, 10.
geologic work in, 24, 25, 39,
geologic features of, 289,
Terrace epoch, 212, 215, 216.
Terrnces of glacial flood deposits, 308-311.
Tertiary, American, subdivided, 414,
Tertiary of the Platean region, 177.
Tertiary vs. Cretaceous origin of Laramie Leds,
discussed, 400-433, 435, 533-536.

Thompson, Gilbert, work of; 8, 16, 60,
Tidal action, in swamp making, 360, 366-368.
in harbors, 374, 875,
Tidal wud fint formation due to animal and plant
life, 874,
Tides produeed by gravitation, 373.
Tilia antiqna, Newhy-, 546, 556.
Till, 212,
Till-and-bowlder formation, 259, 264-277.
Tintero, 180, 181,
Todd, T, E., work of, 83, 34.
cited on Pliocene in Nehraska, 212.
cited on strintion in Nebraska, 313,
Toyalang, 149.
Trapa microphylla, Lx., 540, 542, 544, 554; DI
XLIX, Figs. 2-5.
Trempealeaun River, 218, 27, 310,
Triassio system of Platean region, 185-137, 148,
157,
Turkey River Valley, 310.
Turner; H, W., work of, 67, 70.

U.

Uinta, Mountains, 115, 188.
TUlnus miniwa, Ward, 552; PL XLVI, Figs. 8, 4.
Ulmns orbicularis, Waid, 553; PL XLVL Fig. 0.
TUlmus planeroides, Ward, 552; PL XLVI, Figs.
1,2
Ulmus rhanmifolin, Ward, 552; PL XLVI, I'ig. 5.
Union Pacific Railroad, coal on, 538, 539, 541.
United States, area surveyed by Geological Snr-
vey in 1885, xv.
goologic map of, XVI-xix.
organization of the Geological Survey of the,
XIX-XXIT, XXTI-XXV,
table of mineral produsts of, 80-92,
United States Coast and Geodetic Survey, aid
of, 9.
TUnited States Signal Service, aid of, 9.
Upham, Warren, glacial studies of, 39,
Upper Mississippl Vallay, drifiless aren of the,
109-322,
sandstono of the, 258.
limestone of the, 256, 267,
fossila in loess of the, 285, 256.
Upper Missouri River region, coal and lignite of
the, 406,
history of geological discovery in the,; 406,
Urticacew of the Laramie Group, 520, 521.
Utah, geologie work in, 71,
Utah coal, Cretaceous, 413.
Utah Division, 71.

V.

Valleys, flat bottomed, 226,
silt bottomed, 226, 227,
Iongitudinal profile of, 228.
Valleys of simple erosion, 225,
Valleys of the Mississippi and the Wisconsin,
capacity of, 257, 258,
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Valley sculpture, 230-239.

Vancouver and Orcas Tslands, fossil plants, table,
440, 443-514.

Van Hise, (4 R., work of, 40, 44, 45, 46.

¢ited on wineral identification, 245, 253.

Vaseular cryptogams (Vasenlares), fossil, table,
448-456.

Vegotable matter in swamps tested, 878, 379,

Vegetal deposits in drift, 212, 264, 314,

Vermilion CLE 148,

Vermont, reologic work in, 74, 75.

Vertebrate paleontology, division of, T1-72.

Yiburnum, oceurrence of, in the Laramie Group,
430, 524, 526, 546, 547,

YViburnum asperum, Newhy., 547, 557; P1. LX1V,
Tigs. 4-9.

Viburnnm betulwfolium, Ward, 557; Pl LXV,
Tig. 7.

Vihurmll’.;n i‘t!im'l‘u'u.t.lm.l, Ward, 557; Pl LXIIL,
Figs. 8, 9,

Viburnum erectum, Ward, 557; Pl. LXIV, Fig. 5.

Vibarnum finale, Ward, 557; Pl LXV, Fig's.

Viburnum limpidnm, Ward, 556; PL LXIII,
Figs. 1-4.

Viburnum macrodontnm, Ward, 556; Pl. LXII,
Fig. 10.

Viburnum Newberrianum, Ward, 547, 557; 'L
LXIV, Figs. 10-12; PL LXYV, Figs. 1-3. |

Viburnum Nordenskjoldi, Heer, 557; I'l, LXYV,
Figs. 4-6.

Viburnum oppositinerve, Ward, 557 ;
Figa. 1,2,

Viburnum perfectum, Ward, 556; P1, LXII, Figs.
7-9.

Viburnnum perplexum, Ward, 557; Pl LXIIT, Figs,

8,7.

Viburnnn filioides, Ward, 536; PL. LXT, Figs. 1-7;
PL LXIT, Figs. 1-6.

Vibuwrnmum Whymperi, Heer, 557; PL TLXIILI,
Fig. 5.

Vicksburg gravels, 213.

Vicksburg locss, 270, 280, 281, 282.

Virginia, topographic work in, 8, 10,

geologie work in, 24, 81, 85, 86, 93,

Vitis Bruneri, Ward, 55¢; PL LI, Figs. 4,0,

Vitis Carbonensis, Ward, 554 ; PL LT, Fig, 6.

Vitis euspidata, Ward, 35¢; P1, LI, Figs, 9-11.

Vitis Xantholithensis, Ward, 554 ; PL LI, Figs. 7, 8.

Volcanic Division, 59-62.

PLLXIV,

W.

Walcott, C. D)., identification of Montana fossils,
51,
administrative report, 74-78.
cited on fossils of Platean region, 184,
on fossils of the Grand Cafion, 183.
Walker, Francis A., appointment of, as Mussa. ‘
chusetts commissioner, 4,
Ward, Lester F., administrative report, 81-85, \

synopsis of the flora of the Laramie Group,
399-557.
Warren, G. K.,
232, 233,
cited on Lake Tepin, 315.
Wasatch Mountain formation, 194, 195,

cited on Mississippi River, 223,
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. Watersheds of the Upper Mississippi, 218, 234.

Wave action, on shores, 363-368
in harbors, 374.

| Waves produced by solar heat, 373,

Wells as tests of depth of drilt, 207, 223, 255, 264,
301, 303,
West Kaibab fault, 144.
Westphalin, Cretaceous plant beds of, 440,
fossil plants of, table, 443-514.
West Virginia, topographie work in, 8 9. 10.
* geologic work in, 24, 25,31, 36, 93
Wheeler, Lient. (. M., expedition of, 124, 130, 140,
143.
Whipple, Lieut. A. W., expedition of, 123.
White, (. AL, work of, 87-70.
administrative report, 72-74.
cited on Mesozoic shells, 184,
cited on driftless aren, 205.
cited on striation in Towa, 814,
on geology of lignite formation, 421, 422
contributions to geologic determination of
Laramic heds, 421, 422, 428, 424, 425, 427-433.
applies term Post-Cretaceons to Laramie, &o.,
423,
services in invertelirate paleontology, 424
bounds Laramie Group, 4235,
reports on Laramie Group quoted, 427-431, 432,
416,
extends Laramie Gronp to Mexico, 432,
reply to A. Geikie on Laramie fossils, 432,
on the Laramie sea, 434.
identification of Laramie shells hy, 547.
White, I. €., work of, 24, 25.
W hiting, H. L., appointment of, ag Massaclusetts
commissioner, 4.
Whitney, 4. I, eited on ice action, 200.
Williams, Albert, jr., administrative report, 88-03.
Williams, George H., work of| 81.
Williams, H. 8., work of, 75.
Willis, Bailey, work of, xxXv, 24,
Wilson; H. M., work of, 14. )
Winehell, N. H., cited on geology of Minnesota,
273, 284,
eited on driftless avea, 312, 314, 316,
Wingate sandstone, 137, 146, 150, 157.
Wisconsin, investigations in, 31, 32, 37, 38,
zeologie work in, T4, 75,
driftless area of, 205, 217.
geologic featurss of, 252, 260, 270, 313,
loess in, 2835, 286,
Wisconsin River dells, 229, 20,
Wisconsin River Valley, 206, 218, 227,232, 308, 310,
capaecity of, 257, 258.
Wolf, J. 1., collection of Toess particles by, 280,
Woodward, R. 8., work of, 11.
on glacial phenomena. 201-208.
Wright, G. F., work of, 35, 36,
Wyoming, geologic work in, 71, 72.
lignite in, 400, 414, 415.
coal in, 410.

¥.

Yeates, O, M., work of, 8 0.
Yellowstons Division of Geography, 14, 15.
Yellowstone lignito, 406, 408.
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Yellowstone Parlk, area surveyed in the season, 3. | Zizyphus Meekii, Lx., 554; P LII, Figs. 1, 2.

Yellowstone Park Division of Geology, 54, 59, Zizyphns serrulata, Ward, 554; PL. LI, Figs. 14,
Yellowstone River, fossil plants collected on, 542 15,
544, Zumbro River Valley, 262, 310,
7. Zuiil, geologic formations near, 137, 145, 147, 160,

| Zuii Cafion, 156; 158, 160, 163,
Zamiostrobus mirabilis, Lix., 519, 524. Zuiii Plateau, C, E, Datton on, 105-198,
Zandia range defined, 125. Zufii River, 146.
Zizyphus vinnamowmoides, Lx,, 554; PL LIL, Fig. 8.  Zufi sandstone, 148, 157,

=




















http://www.tcpdf.org

