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THE

MIDDLE AND UPPER EOGFN

E FLORAS OF SOUTH

EASTERN NORTH AMERICA.

By Epwarp WILBER BERRY.

IN TRODUCTI ON.

SCOPE OF REPORT.

This veport gives the results of several years
of field and office studies of the middle and
upper LEocene fossil plants of the southern
Coastal Plain, most of them found in the region
known as the Mississippi embayment. It may
be regarded as a continuation of a report pub-
lished in 1916,' which described and inter-
preted the extensive floras of the lower Eocene
‘beds of that region.

At the time this report was written, in 1917,
my botanical experience was restricted to the
United States, and I based most of my ecologic
or climatic deductions-on the literature, Whlch
later studies, made in the Tropics, proved to
be somewhat misleading or erroneous, and I
am now convinced that most paleobotanists,
nearly all of whom have been dwellers of the
Temperate Zone, have been similarly misled.
Since 1917 I have had an opportunity to see
the living flora in the Antilles, in Central
America, and particularly in tropical Bolivia
and Peru. My study of the upland flora of
those parts of Bolivia and Peru that border
the basin of the Amazon disclosed some re-
markable facts. Plants that are elsewhere
coastal tropical types, such as Dodonaea,
Swretenra, and Sapindus seponaria, grow on
the lower slopes of the eastern Andes, as if
they had been stranded there by the with-
drawal of a Pliocene sea. I noted also—and
this fact is more significant to the student of
paleoecology—that many of the genera and
even species of the lowland Tropics extend to
elevations that carry them in effect well out
of the Tropical Zone, and 1 came back from

1 Berry, E. W., The lower Eocene floras of southeastern North America:
U. 8. Geol. Survey Prof. Paper 81, 481 pp., 117 pls., 1916,

t]mt. region with the conclusion that none of
‘the fossﬂ floras of the Temperate Zone that
paleobotanists have termed tr opical are in the
strict sense of the word ‘‘tropical.”” Most of
these fossil floras contain representatives of
numerous genera that are now confined to the
Equatorial Zone, but many of these genera are
large and contain species that are adapted to a
variety of habitats.

These facts apply with particular force to
the attempted interpretations of the environ-
ment of the Claiborne, Jackson, and Vicksburg
floras, and although that environment may
have been almost tropical, I would modify the
published statements - concerning it. Thus,
the Jackson and Vicksburg may be considered
the most nearly tropical known floras of south-
eastern North America, but I would no longer

call them “‘strictly tlopical ” Similarly, after
seeing tropical marine faunas, both Miocene
and Recent, I am less inclined to classify as
strictly moplcal some of our fossil marine
faunas, such as that of the Vicksburg, although
they too may be almost . tropical.

I hope to continue these studies until all the
known Mesozoic and Cenozoic plants of .the
region have been described and their horizons
determined. The work done has included de-
scriptions and discussions of the Upper Cre-
taceous floras of the eastern Gulf area? and

‘preliminary accounts of the Oligocene,? lower

Miocene,! and Pliocene ® floras. This series of

2 Berry,.E. W., Upper Cretaceous and Focene floras of the eastern
Gulf region in Tennessee, Mississippi, Alabama, and Georgia: U. S.
Geol. Survey Prof. Paper 112, 177 pp., 33 pls., 1919,

8 Berry, E. W., The flora of the Catahoula sandstone: U. 8. Geol.
Survey I'rof. Paper 98, pp. 227-251, pls. 55-60, 1917.

4 Berry, B. W., The physical conditions and age indicated by the
flora of the Alum Bluff formation: U. S. Geol. Survey Prof. Paper 98,
pp. 61-73, pls. 7-10,1917,

5 Berry, E. W., The flora of the Citronelle formation: U,
Survey Prof. Paper 98, pp. 103-208, pls. 44-47, 1917,

. Geol.
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2 ' MIDDLE AND UPPER EOCENE FLORAS

reports, when it is completed, will furnish a
comprehensive paleobotanic history of a very
large area that is to-day and was throughout
Upper Cretaceous and Tertiary time a single
physiographic province—the Coastal Plain.

s I have already repeatedly stated, this
region is physiographically unique; it rivals
the Paris Basin in the unity of its geologic
history, in its stability in altitude, and in the
abundance of its alternating marine faunas and
terrestrial floras. Because of its large size, its
proximity to the American Tropics, and its
long, uniform, and relatively unbroken geologic
record its fossil plants also furnish unique and
invaluable suggestions as to the evolution and
geographic distribution of floras. During the
whole of the Tertiary period it was the low-
lying southern part of a continental land mass
that was bordered on the south and southeast

by an ocean, so that its meteorologic condi-
~ tions were comparatively uniform. Through-
- out its long history tectonic activity was so
slight as to be negligible; no mountain ranges
were formed, and the strata deposited- were
almost undisturbed. Whether the alternating
inundations and emergences of these low-lying
coastal lands were due to changes in the level
of the land or to changes in the level of the
sea the changes were relatively slight as.com-
pared with those that occurred, for example,
in the western United States or in southern
Europe, two. regions whose paleobotanic his-
tory has been fairly well worked out. The
record of the evolution of the successive floras
in southeastern North America was therefore
not complicated by a diversity of conditions,

as it was in the uplifting Rocky Mountains or.

in the mountainous areas of central and south-
ern Lurope, and it is consequently more easily
deciphered and more readily applied to the
interpretation of geologic history.

I am, as usual, indebted to many frlends,
both at home and abroad, for assistance
rendered during the progress of the work, and
especially to my associates in. the study of the
Coastal Plain, particularly Mr. T. Wayland
Vaughan, who has had general charge of the
Geological Survey’s Coastal Plain investiga-
tions and who, as one of the pioneers in this
country in the interpretation of faunas and
sediments, has been a constant -source of in-
spiration. I am indebted to Messrs. O. M.
Ball, A. C. Trowbridge, E. T. Dumble, and C.

OF SOUTHEASTERN NORTH AMERICA.

L. Baker for.collections from Texas and to
Messrs. I&. N. Lowe, G. C. Matson, L. W.
Stephenson, C. W. Cooke, and Alexander
Deussen for collections and information from
different parts of the Mississippi embayment.

AREA CONSIDERED.

" The term “southeastern North America” as
here used includes the mainland south of
latitude 41° N. and east of longitude 100° W.
These limits are fixed by the events of geologic
history, for no Tertiary plants have been
found in this area except those that were
preserved in coastal deposits that lie within
the present Gulf and Atlantic Coastal Plain.
During the long ages of the Tertiary period
the region here considered was coextensive
with the floral or faunal province of which it
was a part. From the end of the Cretaceous
to the beginning of the Miocene it formed a
part of the floral province that included also
the Antillean region, to the southeast, and the
Central American country, to the southwest,
both avenues of more or less close. connection
with northern South America. So little is
known of either the geologic history or the
Tertiary flora of the Antillean or Céntral
American regions that they can not yet be
brought within the scope of this paper, al-
though both present a variety of problems of
almost infinite interest, and doubtless the
history of the evolution of ‘the Tertiary floras
of southeastern North America can not be
fully deciphered, even in its broader features,
until these strategic areas have been studied.
~ Nor can the northern limit of the Tertiary
floral province be fixed at latitude 41°. Ob-
viously the coastal flora that is so largely
represented in the collections here studied
did not continue inland as a unit over areas
remote from the estuaries and coastal lagoons -
in which the relics of these floras were pre-
served. At the same time there is much
evidence that the land was generally low, at
least in Eocene and Oligocene time, and the
evidence afforded by traces of the inland flora
that were fortunately preserved in fluviatile or

Jlacustrine lignite at Brandon, Vt., justifies the

conclusion that the pre-Miocene Tertlary flora
had the same general facies throughout a large -
region which extended northward beyond the
limits here indicated. The flora from the
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lignite at Brandon has usually been considered
Miocene, but I have presented evidence to
show that it is ocene.® .
Most of the fossils here considered were col-
lected in the region known as the Mississippi
embayment, and nearly all from & relatively
small area in the extensive region that now
forms the States of Louisiana, Arkansas,
Texas, Alabama, Tennessee, and Mississippi.
The limits of this region also are fixed by its
geologic history, for tho shallow shifting mar-

ginal waters here furnished conditions suitable-

to receive and preserve the vegetable débris
‘of the near-by mainland.

The region thus defined embraces roughly
1,500,000 square miles, and in times past it
doubtless furnished a congenial habitat for
several . thousand specific types, of which we
can hope to know only a small number.

OUTLINE OF GEOLOGIC HISTORY. .

The Claiberne and Jackson epochs, together
with the interval between them and the interval
between the Wilcox and Claiborne epochs,
correspond to the old Parisian stage of
D’Orljigny and to the Mesonummulitic stage of
Haug. The succession of events in the Mis-
sissippi embayment and that in the Paris Basin
seem to show a striking agreement, which is
considered elsewhere in this paper (p. 30).
The general course of events in the Mississippi
embayment may be briefly sketched as follows:
After the deposition of the Wilcox sediments,
which were laid down later and later along the
strand as it retreated southward, there was a
considerable period of emergence, during which
continental deposits accumulated on the low-
land surface. These were not very thick
nor were they continuous over large areas,
and the beds of lignite that represented palus-
trine accumulation, of sand that represented
river deposition, or of clay that represented lake
or flood-plain deposition, and that escaped
erosion, are so small and scattered and so
like the deposits both subjacent and super-
jacent to them that it has not yet been. possible
to differentiate them.

This post-Wilcox period of slight emergence,
which corresponds to the lower Lutetian stage
of Europe, was long enough to permit remark-
able changes in both the marine faunas and the

sBerry, E. W,, The age of the Brandon lignite and flora: Am. Jour.
Scl., 4th ser., vol. 47, pp. 211-216, 1919.

terrestrial floras. It was succeeded by a
transgression of the sea, marked in the eastern
Gulf area by the sands and associated sediments

‘of the Tallahatta formation, by the St. Maurice

formation of Arkansas and Louisiana, and by
the Mount Selman formation of Texas.

The Tallahatta deposits and their equiva-
lents, which were laid down later and later
along the shore as the sea advanced northward,
are succeeded by widespread marine deposits
that now extend in scattered outcrops from
North Carolina to Mexico, representing the
maximum expansion of the Claiborne sea, the
sediments of which in the eastern Gulf area
Hilgard called the “calcareous Claiborne.”

The deposits laid down in this great Claiborne
sea are represented by the Lisbon formation
and its equivalents. The waters were shallow,
and the horizon -is marked by great reefs of
oyster shells. The strand then, in late Clai-
borne time, began again to retreat southward.
This stage was characterized by widespread
estuary, littoral, and continental deposits—
lignites, clays, and sands, which contain fossil
plants. This period of history is represented
by the Yegua formation and its equivalents.
In southern Alabama and in eastern North
Carolina a slight downward movement of the
land or rise of the sea was accompanied by the
deposition of the marine Gosport sand in
Alabama. Ixcept for these more or less local
submergences the more general movement of
emergence carried the border lands of the
Mississippi embayment, above the sea, and it
is this interval of emergence that marks the
hiatus between Claiborne and Jackson time.
This emergence was less extensive than that
at the beginning of the Claiborne and, espe-
cially in the western "Gulf area, is marked by
recognizable continental deposits.

After this Claiborne-Jackson interval the
sea in which the lower Jackson deposits were
laid down advanced rapidly northward, its
advance constituting the most pronounced
transgression, by which typically marine sedi-
ments -and faunas were carried farther north
than at any other time since the transgression
of the Midway or basal Eocene—a submergence
that carried Jackson sediments northward
into northeastern Arkansas and western Ten-
nessee. This submergence was in turn fol-
lowed by a withdrawal of marine waters from
parts of the area, especially in the western.
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Gulf region, from Arkansas to Mexico, recorded
at places, as, for example, in Mississippi,
. where a thick deposit of littoral sand (the
" Forest Hill sand) represents, in my opinion,
a transition from Jackson to Vicksburg; or in
Texas, where the floras found in parts of the
lithologic units known as Fayette and Cata-
houla ‘sandstones are in places of Jackson age
and in other places of Vicksburg age. In
southern Alabama and eastward marine condi-
tions appear to have been unlnterrupted from
Jackson to Vicksburg time.

OF SOUTHEASTERN NORTH AMERICA.

My correlation of the middle and upper
Eocene formations of southeastern North
America with those of Europe is presented in
the following table. It should be borne in
mind that this correlation is entirely tentative
as regards the exdct chronologic position of
various marine units lacking fossil ‘plants,
which are introduced merely f01 the sake of
giving the general position of the plant-bearing
formations in the- stmtigmphic succession of
the different States in the area undel discus-
sion.



Approzimate relations of the formations of the middle and upper Eocene in southeastern North America and Europe as indicaled by the fossil plants.

Age. Georgia. Alabama. Mississippi. Arkansas. ° Louisiana. Eastern Texas. Europe.
i .
Chattahoochee formation. Catahoula sandstone. | Catahoulasandstone. Catahoulasandstone. . Catahoulasandstone. Catahoula sandstone.
. Vicksburg group: . o
Oligocene. Bryam calcareous marl. i Sa?lf‘aotli:;gan).
Vicksburg group. Vicksburg group. Glendon formation. Vicksburg formation. . '
- Mariannalimestcne. 1 Vicksburg limestone:
Red Bluff clay, & N\
= Forest Hill sand.a 7T \
= . Frioclay. .
< . Fayettesandstone. / Ludian. b
) 2 | Yazoo clay member. . 3
i Ocala ‘& ’ Fayette sandstone. =
Upper Eocene. | Ocalalimestone | Barnwell formation |Jackson for-| ~7 = 5 <
to west. to east. mation. stope. ' | = . : . S
N 8 | Moodys calcareous- Jackson formation. Jackson formation. Jackson formation. Bartonian. =
2 marl member. =
= g
T . g
Gosport sand. Yegua formation. Yegua formation. Yegua formation. Yegua formation. 5]
= . I
3 | “Wautubbee marl.” . . g
. 2 Cook Mountain formation. | Auversian. 20
Middle mﬁg’cﬁgﬁgg’a‘f McBean formation | picp o o 'S | “Decatur sand.” S
Eocene. ated to west. to east. : - 'é ! ) E
. i=3
2 ‘:E[,?atgg,nsc green . . =
- St. Maurice formation. St. Maurice formation. Mount Selman formation. | Luletian. Ig
. . <
Tallahatta formation. | Tallahatta formation. P

Lower Eocene.

Wilcox formation.

Wilcox group (divided
into several forma-
tions).

Wilcox group (divided
into several formations).

‘Wilcox formation.

Wilcox formation.

Wilcox group (divided
into several formations).

Ypresian and
older.

*The Forest Hill sand isregarded by C. W. Cooke as of Vicksburg age, approximately equivalent to the Red BlufI clay, because it lies above calcareous clay of Jackson age and below the Mint Spring calcareous

Taart member of the Marianna limestone, of Vicksburg age. The base of the Mint Spring at Vicksburg contains carbonaceous clay lenses. The marine fauna of the Red Bluff, although nredominantly Vicksburg in

(facies, contains some elements in common with;the Jackson.

‘NOILONAOYLNT



THE MIDDLE’EOCENE- OR CLAIBORNE FLORA.

STUDIES OF THE CLAIBORNE DEPOSITS.

A history of the study of the deposits that’

comprise the Claiborne group does not prop-
erly come. within the scope of this report on
the floras but belongs with stratigraphic and

paleozoologic studles which are but briefly

touched on here and which will form the basis

of detailed reports by some of my associates
in the study of the Coastal Plain..

With the exception of the frequent mention
in geologic works of “petrified wood” or
‘“leaf impressions,” most of the latter inde-
terminable” fragments, no definite contribu-
tions have been made to our knowledge of the
paleobotany of the Claiborne or Jackson. A
few specimens of petrified wood obtained from
beds of this age in eastern Texas were de-
scribed by Penhallow,” and I have published ®
several preliminary accounts of interesting
- forms. The supposed Claiborne flora from
eastern Georgia that was described by me °® in
1914 was obtained, as has since -been shown,
from deposits that are now correlated with
the lower Jackson.® TIts reference to- the
Claiborne was based on the marine inverte-
brates with which it was associated, as de-
termined by the paleontologists of the United
States Geological Survey. But additional col-
lections and further study of the marine in-
vertebrates by Survey paleontologists have led
to the assignment of the beds to the Jackson
instead of the Claiborne.

The name Focene was first used in American
geologic literature to designate American de-
posits in Lea’s “Contributions to geology,”
published in 1833, where it was applied to the

7 Penhallow, D. P., Notes on fossil woods from Texas: Roy. Soc.
Canada Trans., 3d ser., vol. 1, sec. 4, pp. 93-113, figs. 1-8, 1907.

8 Berry, . W., A species of Copaifera from the Texas Eocene: Torreya,
vol. 15, pp. 41-44, figs. 1-5; 1915; An Eocene ancestor of the Zapodilla:
Am, Jour. Sci., 4th ser., vol. 39, pp. 208-213, pl. 1, 1915; Remarkable
fossil fungi: Mycologia, vol. 8, pp. 73-78, pls. 180-182, 1916; Fruits of a
dite palm in the Tertiary deposits of castern Texas: Am. Jour. Sei.,
4th ser., vol. 37, pp. 403-406, figs. 1, 2, 1914; A fossil nutmeg from the
Tertiary of Texas: Idem, vol. 42, pp. 241-245, figs. 1-6, 1916; A middle
Eocene membér of the ““Sea drift’’: Idem, vol. 43,.pp. 208-300, figs. 1, 2,
1917; A middle Focene Goniopleris: Torrey Bot Club Bull., vo]. 44,
pp. 331-335, pl. 22, 1917.

» Berry, E. W., The Uppcr Clctaceous and Eocenc floras o[ South
Carolina and Gonrgxa U. 8. Geol. Survey Prof, Paper 84, 1914.

10 Cooke, C. W., and Shearer, H. K.,.Deposits of Claiborne and Jackson
age in Georgia: U. 8. Geol. Survey Prof. Pager 120, pp. 41-81, 1919.

6

' classic fossiliferous outcrop at Claiborne Land-

ing on Alabama River, in Monroe County in
southern Alabama, the type locality of the
Claiborne, which, however, is found also at
Lisbon, Gosport, and Rattlesnake Bluffs. The
next year Conrad ' proposed the name Clai-
borne as a formational unit, and he referred
to the subject again in the following year.!?

CHARACTER, SUCCESSION, AND DISTRIBU-
TION OF THE DEPOSITS.

In the type region of the Claiborne along
Alabama River the variegated laminated sandy
clays and gross-bedded fossiliferous sands of
the Hatchetigbee, the uppermost formation of
the Wilcox group in this region, .are overlain
by a considerable thickness of aluminous sand-
stones and siliceous claystones—the ““siliceot
Claiborne” of Hilgard, or Tallahatta forma
tion, as it is now known, constituting the
lowermost formation of the Claiborne group
as developed in this region. Except for
diatoms and radiolarians these beds contain
few fossils, but they become more calcareous
and more fossiliferous toward the-east, across
southern Alabama. Near the Mississippi line
in that State they contain in many places
extensive beds of fossiliferous glauconitic sands.
The thickness of these early Claiborne deposits
ranges from about 200 feet in southeastern

| Alabama to about 400 feet at the place where

they cross into Mississippi.

Overlying the Tallahatta formation is about
115 feet of fossiliferous calcareous argillaceous
sands and sandy clays, in some places glau-
conitic. These beds constitute the ‘‘ calcareous
Claiborne”’ of Hilgard, which is now termed
the Lisbon formation, from Lisbon Landing,
on Alabama River. A large invertebrate fauna
has been described from these beds, which in
their upper half are crowded with Osirea
sellaeformis and innumerable shells of Pecten
deshayesit. Upon the Lisbon, though not

u Conrad, T. A., Observations on the Tertiary and more recent forma-
tions of a portion of the Southern States: Acad. Nat. Sci. Philadelphia
Jour., vol. 7, pp. 116-129, 1834.

12 Conrad, T. A., Eocene fossils of the Claiborne, with observations on
this formation in the Uunited States: Fossil shells of the Tertiary forma-
tions of North America, vol. 1, No.-3, pp. 29-36, 1835.

M
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recognized outside of Alabama, lies a bed of
highly fossiliferous glauconitic sand. This bed
is only about 30 feet thick, but it has yielded
many of the shells that have made the name
Claiborne famous. It is now called the Gos-
port sand, from Gosport Landing, a few miles
below Claiborne Landing, on Alabama River.
The Gosport in this region is overlain by the
argillaceous limestones of Jackson age. Thus
the Claiborne in the type region of Alabama is
between 350 and 550 feet in thickness and is
therefore considerably thinner than it is in the
region toward the center of the embayment,
o feature noted elsewhere in this report.
(See p. 29.) _

Because of the lack of detailed areal work
_ the character and relations of the Claiborne
are obscure in Georgia, although its develop-
ment in the Chattahoochee drainage basin is
similar to that in southeastern Alabama. In
central Georgia all traces of the Claiborne dis-
appear by reason of the extensive overlap of
the beds of lower Jackson age, which here
transgress the strata of the middle and lower
Eocene, as well as the Upper Cretaceous and
strata that have been considered to be Lower
Cretaceous.

The Claiborne reappears in South Carolina,
but its development in that State is obscure
because of lack of study. It is not known to
be represented in North Carolina. The abund-
ance of Ostrea sellaeformis and some other Clai-
borne Mollusca in the Eocene faunas of the
Chesapeake Bay region has led some students
to consider the upper part of the Chesapeake
Bay section as Claiborne in age, and the same
age is claimed by some students for the glau-
conitic sand which is exposed on Shark River,
N. J., although by others it is correlated with
the Midway.

As the Claiborne passes northwestward across
Mississippi its character gradually changes.

Lowe ** has recognized several lithologic divi-
sions of the Claiborne in Mississippi. The Tal-
lahatta formation, at the base, consists. of
locally fossiliferous glauconitic and argillaceous
sands overlain by yellowish and grayish quartz-
itic nonfossiliferous sands and sandstones, in
turn overlain by white quartzites and clay-
stones or diatomaceous earth, the whole forma-
tion having an estimated thickness of probably

1 Lowe, E. N., Mississippi, its geology, geography, soils, and -miheral
esources: Mississippi Geol. Survey Bull. 14, pp. 73-79, 1919, ...

more than 350 feet. Overlying the Tallahatta
are several hundred feet of beds assigned by
Lowe to the Lisbon formation. These beds he
has subdivided into the following members, in
ascending order: (1) “Enterprise green marl,”
thickness not stated; (2) ‘“Decatur sand,” 18
to 25 feet; (3) ““ Wautubbee marls,”” about 100
feet; and (4) “Cockfield member,” 30 to 200
feet of lignitic clays, sands, and lignites. The
lignitic clays at the top of the Claiborne are
rather thin in surface exposures, but some well
borings have revealed a great thickness of these
materials. Thus, in the penitentiary well at
Jackson, Miss., 418 feet of lignitic clay was
penetrated before reaching fossiliferous marine
Claiborne beds. .This lignitic clay is considered
by Vaughan* and others to represent the
Yegua (“Cockfield’’) formation and to be
younger than the Lisbon formation of Alabama,
Yegua being an older name for the same beds
formerly designated “Cockfield’’ formation in
Louisiana and southern Alabama.!®

That both the Claiborne and Jackson reach
unprecedented thicknesses in western Mis-
sissippi and eastern Louisiana is well estab-
lished, though the details are not entirely
clear. Thus, in a well near Point Pleasant,
La., a typical Lisbon fauna occurs 2,500 feet
below the base of the recognizable Vicksburg,
so that the combined thickness of the Clai-
borne and Jackson is at least 2,500 feet at this
point. Other well logs in the Vicksburg area
of Mississippi also show enormous thicknesses
of both Claiborne and Jackson, too great to be
explained by differences in lithology and in
rate of sedimentation. These thicknesses
indicate that sedimentation extended over a
longer period in the center of the embayment,
well away from its shore, or, in terms of
geologic history, that.the Claiborne, like the
underlying Wilcox, represents an advance and
subsequent retreat of the sea. The marine
waters of Claiborne time fell far short of reach-
ing the northern limits of " the" subsequent
transgression of the lower Jackson, although
the palustrine beds and sediments of the
marginal flats of the Yegua or upper Claiborne
can be traced well toward the head of the em-
bayment in northeastern Arkansas. No trace

4 Vaughan, T. W., in Willis, Bailey, Index to the stratigraphy of
North Amcrica: U. S. Geol. Survey Prof. Paper 71, p. 738, 1912,
- 13In a report now in course of publication, of which Lowe is a joint
author, these lignitic beds are treated as a distinct formation (the Yegua)
overlying the Lisbon formation. '
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of the Claiborne has been detected in western
Tennessee. In northeastern Arkansas the
~ Yegua has been traced by Stephenson '

northward = along Crowleys Ridge as far as
Greenfield, Poinsett County, Ark., or about 30
miles beyond the most northern outcrop of the
lower Jackson cover. There is therefore a pos-
~ sibility that a part of the Lagrange formation
of western Tennessee, which lies between the
paleobotanically recognizable upper Wilcox
near Trenton and near Somerville and the
paleobotanically recognizable lower Jackson
at Randolph Bluff, may Trepresent the upper
Claiborne, although I am inclined to believe
that the lower Jackson completely overlaps
the upper Claiborne in western Tennessee and
rests on the upper Wilcox. Neither Claiborne
nor Jackson has been definitely recognized in
Kentucky, although certain deposits in the

southwestern part of the State.are tentatively

considered to be.of upper Jackson.age. In
southern Arkansas only the lignitic sands and
clays of the Yegua formation }mve thus far
been recognized.

In central Louisiana the Clalborne vroup
appears to be capable of a twofold division
into a lower formation, the St. Maurice,
and an upper, the Yegua formation. The St.
Maurice comprises calcareous, glauconitic, and
argillaceous beds containing marine fossils.
Its thickness is about 300 feet; at Monroe but
increases to over 500 feet at Winnfield. On
Sabine River its thickness is about 550 feet,
and well records in.eastern Texas indicate a
thickness of 700 feet. :

The Claiborne outcrops over a wide area in
eastern Texas and is there capable of division
lithogically, paleontologically, and genetically
- into threeformations. Thebasalformation, the
Mount Selman, so named by Kennedy in 1892
from the place of that name in Cherokee
County, consists of 200 to 400 feet of red fer-
ruginous indurated sand, probably an altered
greensand, that contains lenses of clay and
lignite and secondary beds and concretions
of limonite.

The Mount Selman is overlain by the Cook
Mountain formation, so named by Kennedy
in 1892 from Cook Mountain, in Houston
County. It consists of more than 400 feet of
beds of yellow sand and clay which here and

16 Stephenson, L. W., and Crider; A. F., Geology and ground waters.of
northeastern Arkahsas:- U. S. Geol. Survey Water-Supply Paper 399,
1916. : .
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there contain lenses of calcareous, glauconitic,
and fossiliferous marl and fossil-bearing cal-
careous concretions, as well as beds and con-
cretions of limonite. Overlying the Cook
Mountain is the Yegua formation, so named
by Dumble'” from the creek of that name in
Burleson County. ' It consists of 375 to 750
feet of green calcareous selenitic clays and
locally contains lenses of sand and much

_earthy lignite or lignitic clay.

From Colorado River to the Rio Grande, in
Texas, the Claiborne shows a somewhat differ-
ent character of materials, and its identifica-
tion is complicated by the tendency of the beds
to become more sandy, -unfossiliferous, and
indistinguishable. The Carrizo sandstone,
which is typically developed toward the Rio
Grande, consists of gray .fine-grained mica-
ceous sandstone, underlain by coarse cross-
bedded brown sandstone,.in places quartzitic.
These sandstones were named by Owen ' in

-1889 from. - the exposures west of Carrizo
-Springs, in Dimmit County, and were long con-

sidered to be of Wilcox age. Dumble * in
1911 transferred them to the base ‘of the Clai-
borne and considered them the equivalent of
the Tallahatta formation of Alabama, and this
correlation was accepted in subsequent reports.
The beds that are considered to belong to the
Carrizo are 200 feet thick along Colorado River,
450 feet thick along the Nueces, and consider-
ably thinner along the Rio Grande.

During the field season of 1921, five years
after the foregoing was written, the writer was
enabled to study the Carrizo sandstone. ' It
was found to decrease in thickness to a few feet
near the Rio Grande, where it was overlain by
typical Wilcox beds. Fossil plants were col-
lected from the.type locality west of Carrizo

 Springs and from several other localities,

as well as from the immediately overlying
and underlying Wilcox beds. These collec- -
tions and the field study show conclusively
that the Carrizo is of Wilcox age and that
it-1s in fact a great lens of sand. The con-
tact between the Carrizo and the Mount. Sel-
man, where the sand reaches to the-top of the
Wilcox; shows no physical evidence of a time
interval, but the ﬁora found near the base of :

17 Dumble, E. T., Report on the brown coal and lignite of Texas, pp.
148-154, Texas Geol Survey, 1892.

18Owen, J., Texas Geol. Survey First Rept. Progress, p. 70, 1889.

1 Dumble, E. T., The Carrizo sands: Texas Acad. Sci. Trans., vol. 11,
pp. 52-53, 1611,
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the Mount Selman is clearly Claiborne in its
facies and has nothing in common with that
found in the underlying Carrizo or Wilcox of
that region. The Carrizo plants are described
in a recent paper devoted to additions to the
Wilcox flora.?

The Mount Selman formation overlies the
Carrizo sandstone in southwest Texas. It
attains a thickness of 600 feet on the Brazos
and 700 feet on.the Nueces, and its thickness on
the Rio Grande, though undetermined, is esti-
mated by Dumble as from 800 to 1,000 feet.

The Cook Mountain overlies conformably the
Mount Selman. It attains a thickness of about
800 feet on Brazos and Nueces rivers. -The
Yegua formation, which is said by Dumble to
lie unconformably on the Cook Mountain, be-

comes more sandy and thicker toward the

southwest. It is about 600 feet thick on Brazos
River; 720 feet thick on Nueces River, accord-
ing to Deussen; and from 1,000 to 1,400 feet
thick on the Rio Grande, according to Dumble.
In general, the Yegua is sandy at the top, lig-
nitic in the middle, and clayey at the base.
With the clayey strata gypsum and saliférous
beds and limonitic concretions are associated.
South of Guadalupe River the lignitic portion
is near the top and is underlain by green gyp-
siferous clays, dark sands that are in places
glauconitic, and oyster beds.

The flora found in the Yegua formation of
Texas is not extensive enough to permit its
exact correlation, but it indicates that the
lithologic unit called Yegua is in part Claiborne
and in part lower Jackson in age, and I have
accordingly so considered it.

THE CLAIBORNE FAUNAS.

Except for fish teeth and similar indefinite
objects and a femur of a small mammal from
a coal mine at Dolores, Tex., no vertebrate
remains have to my knowledge been collected
from any of the Claiborne formations, although
" both the marine beds of Alabama and the
palustrine beds of the Yegua may be expected
to furnish some evidence of this sort when
fully explored. . The invertebrate faunas are
abundaut and in many places are represented
by beautifully preserved material. Unfortu-

wBerry, B. W., Additions to the flora of the Wilcox group: U. S.
Geol. Survey Prof. Paper 131,pp. 1-21, 1923,

nately our knowledge of these faunas is derived
from occasional papers of very unequal value,
and no monographic studies have been pub-
lished, so that the bearing of the marine life
upon the physical conditions of Claiborne time
can not be precisely determined.

The fossil shells of the Claiborne are classic,
and between 200 and 300 species of Mollusca
have been described. It can scarcely be
doubted that a monographic study would
double the number of known forms.

LOCAL DISTRIBUTION OF THE FLORA AND
LOCAL SECTIONS.

THE PLANT-BEARING OUTCROPS.

The individual exposures of the Claiborne -
are nowhere of very great thickness, but river
cuttings furnish numerous nearly continuous
sections, and well records in many places sup-
plement the surface exposures. It is scarcely
within the province of this report to furnish a
full discussion of the stratigraphy, for the fossil
plants are found in relatively few outcrops.

Determinable fossil plants have been found
in the Claiborne at 23 localities. These locali-
ties are scattered from Chattahoochee River in
Georgia to the Rio Grande in Texas and are of .
very unequal value, the number of species from
each outcrop ranging from one to twenty.

{ None of the Claiborne localities furnish the pro-

fusion of plant remains that is found at many
localities in the Wilcox, nor is the presevvation
nearly as good. No plants are known from
the lower Claiborne in the eastern Gulf area
(Tallahatta, St. Maurice), although they should
be found in deposits like those of the Talla-
hatta. Several small collections have been
made from the Mount Selman formation in
Texas. .

Two localities in Mississippl have furnished
fossil plants from the Lisbon—one near Lex-
ington, in Holmes County, discovered by A. F.
Crider, and the other near Newton, in Newton
County, discovered by T. H. Aldrich. I have
not been able to visit either of these outcrops
but am indebted to Mr. Crider for collections
from the locality near Lexington and to
Messrs. C. W. Cooke and E. N. Lowe for collec-
tions and notes on the locality near Newton.

The following forms, preserved in a some-
what contorted condition in a gray fluffy sand,
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have been identified from the locahty near
Lexington, Holmes County, Miss.:

Glyptostrobus europaeus

" Arundo pseudogoepperti.’
Coccolobis claibornensis.
Mimosites georgianus.
Fagara claibornensis.
Dodonaea viscosoides.

" Sapindus georgianus.
Sapindus affinis.
Sapindus mississippiensis.
Sapindus dentoni:
Zizyphus claibornensis,
Persea lexingtonensis. |
Mespilodaphne columbiana.
‘Terminalia claibornensis.
Oreopanax 1n15s1531pp1en51s
Eoachras eocenica.
Dlospyros brachysepala.
Apocynophyllum texensis.

Although for the most part the collections
‘consist of fragments, 18 species have been

recognized, a number only surpassed by the

collections from the locality near Newton and
the locality at Columbia, La., in the Yegua
formation.

The locality near Newton is in a cut on the
Alabama & Vicksburg Railway, 3% miles east
of Newton and 200 yards west of milepost 27
west of Meridian, Miss. The section, furnished
by Mr. Cooke, shows the following sequence:

Section of Claiborne deposits near Newton, Miss.

Feet.
Yellowish-gray very fossiliferous marl, grading
downward into dark sandy clay____.___.. ———— 25
Fine yellow sand that contains large oysters ______ 6|

Fine yellow sand crowded with small shells of
Ostrea sellaeformas; few other shells are present,
and the bed is evidently a young oyster reef
that was buried by sandy sediments_ . ___.____._ 1
Fine yellow sand - - - - ___.___ 3
Sandy clay that carries’ many poorly preselved
plants; fragments of palms a,reka,bunbdant and
a species of Modiola is present, according to Mr.
Aldrich. © The clay grades downward into a
bluish-gray sand at the base_ . .. _._._____ I

The following species have been determined
from the lower member of the foregoing sec-
tion:

Lygodium kaulfussi.
Acrostichum georgianum. -
‘Goniopteris claiborniana.
Pteris inquirenda.

Thrinax eocenica.
Bactrites pandanifoliolus.
Ficus newtonensis.
Mimosites georgianus.
Sophora, claiborniana.
Citrophyllum eocenicum.
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Celastrophyllum gymindoides.
Dodonaea viscosoides.
Sapindus mississippiensis.
Sapindus yeguanus.
Sterculia labruscoides.
Cinnamomum angustum.
Persea gratissimifolia.
Mespilodaphne columbiana.
Nectandra gosportensis. .

The Gosport sand, historically so important,
has fortunately furnished fossil ‘plants at the
classic outcrop at Claiborne Landing, on
Alabama River. The section has been de-
scribed many times 2 ‘and need not be re-
peated here.

It is an admirable fossiliferous exposure of
the Lisbon and Gosport formations and the
overlying Jackson. Near the contact of the
Claiborne with the Jackson the glauconitic
‘sands of the Gosport contain a small lens of
laminated gray clay that carries an abundance
of fossil plants. These plants are for the most
part well preserved but difficult to collect
because of the jointing of the clay. The follow-
ing 15 species, over half of which are common
to the Yegua formation, have been determined
from this locality:

Lygodium kaulfussi.
Acrostichum georgianum.
-Arundo pseudogoeppertl
Myrica claiborniana.

Ficus ungeri.

Coccolobis claibornensis.
Citrophyllum eocenicum.
Sapindus mississippiensis.
Oreodaphne inequilateralis.
Mespilodaphne columbiana.
Nectandra gosportensis.
Nectandra arkansana.
Terminalia claibornensis.
Conocarpus eocenicus.
Laguncularia claiborniana.

The Yegua formation has furnished fossil
plants from about a dozen localities in Arkansas,
Louisiana, and Texas—most of them in Texas—
but the locality where the material is the best
preserved and most abundant is that near
Columbia, La. The occurrences in Arkansas
furnish clear indications of the stratigraphic
relations of the Claiborne to the underlying
Wilcox and overlying Jackson. Two of these
localities are on Crowleys Ridge in Cross

County. Nothing but petrified wood has been

21 Hale, C. S., Geology of southern Alabama: Am, Jour. Sci., 2d ser.,
vol. 6, p. 354, 1848. Tuomey, Michael, First biennial report on the
geology of Alabama, p. 153, 1850. Smith, E. A., On the geology of the
Coastal Plain of Alabama, pp. 127-132, pls. §, 20, Alabama Geol. Survey,
1894
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GROUP (YEGUA FORMATION) AT CHERRY VALLEY, ARK.
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found at the locality near Wittsburg, but a
considerable flora has been collected from the
locality near Cherry Valley. The following
section, described by L. W. Stephenson,?. is
exposed along a small creek on the west side
of Crowleys Ridge about three-quarters of a
mile southeast of the town of Cherry Valley.

Section of Claiborne plani-bearing outcrop near Cherry
Valley, Ark.
Pleistocene (loess): Fect.

Brown pebbly loam, probably creep__.__..__. 3

Pliocene (?) (““Lafayette’’ formation):

Gravel consisting of angular to partly rounded
pebbles of chert and scattered well-rounded
‘pebbles of quartz '

Locene (Claiborne formation):

Fine, rather compact argillaceous faintly
laminated sand, red in the upper 5 or 6 feet,
grading downward through light greenish-
gray sand to unweathered brown micaceous
argillaceous sand with selenite crystals and
scattered carbonaceous matter_ . _________

Massive fine light greenish-gray sand.___.____

Laminated dark-gray to brown, very sandy
micaceous clay with laminae of gray, brown,
and yellow fine sand that reach a maximum
thickness of 3 inches; contains scattered car-
bonaceous matter and a few fragments of
lignite .o o . 8

Massive, finely arenaceous dark, commonly
greenish-gray clay with abundant angd per-
fect leaf impressions, preserved as films of
lignite and thus impossible to procure for
study. Scattered through the clay are
numerous nodules of impure iron carbonate
of all sizes, the largest 3 feet in diameter.
These nodules contain numerous fairly well
preserved plant remains. . Ixposed to bed
of ereek._________ RO U 5

14
12

The following plants have been determined
from the basal member of the above section:

Athrotaxis sp.

Inga arkansensis.
Citrophyllum eocenicum.
Ternstroemites crowleyensis.
Ternstroemites claibornensis.
Persea gratissimifolia.
Mimusops claibornensis.

Athrotaxis sp., Ternstroemites claibornensis,
and Mimusops clatbornensis are peculiar to this |

locality. .The Persea occurs in the Lisbon of
Newton, Miss. Ternstroemites crowleyensis and
the Inga occur in the Yegua, and the Citro-
phyllum occurs -in the Lisbon, Gosport, and
“Yegua. As none of these species have been

» Stephenson, L. W., Geology and ground waters of northwestern
Arkansas: U. S. Geol. Survey Water-Supply Paper 399, p. 69, 1916.
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found in the Wilcox or lower Jackson and as
three of the seven occur in the Yegua and the
only occurrences outside of the Yegua are in
the-Lisbon or Gosport, the Clmborne of Crow-
leys Ridge is considered of late Claiborne age
and referred to the Yegua formation.

The section of Eocene beds exposed along
Bolivar Creek in Poinsett County is of interest
in this connection. - The section as described
by Stephenson 2 shows the following sequence
of materials:

Sectzon of Eocene beds on Bolivar Creek, 3%4 miles north
of Harrisburg, Ark.

Pleistocene (loess): Feet
1. Brown loam, probably creep_ . ___________ 1
Pliocene (?) (*‘Lafayette’” formation):
2. Gravel, probably creep. - .o ccoccecaooa 4
Eocene (Wilcox.formation): :
3. Brown-weathered fine argillaceous sand_-_ 3
4. Light-gray fine fa,mtly laminated argll-
laceous sand._____. e mmmm—m——em 11
5. Light-gray fine massive sand___._._._..__. 43}
6. Chocolate-colored fine argillaceous sand_-. 8%
7. Brown to black lignite_.____________.____ 5
8. Brown argillaceous lignitic sand____._____ 1
9. Chocolate-colored tough clay, lignitic above;
in places the upper 2 feet contains numer-
ous poorly preserved plant remains.___. .
10. Light-greenish very tougheclay________..__ 2

The fossil plants preserved in layer No. 9
show conclusively that it is of upper Wilcox
age. Stephenson refers the entire Eocene de- .
posits of this section to the Wilcox, although
there is a possibility that layers Nos. 3 to 7 are
of Claiborne age. The lignite bed may indicate
& local unconformity toward the close of the
Wilcox or it may mark the unconformity at the
base of the Claiborne. Under either inter-
pretation it clearly indicates the emergent
phase of the late Wilcox and thus furnishes

{ presumptive evidence of the interval between

the Wilcox and Claiborne.

- The following small but typical flora has been
collected from the Yegua formation near
Stephens, Ouachita County, Ark.

Arundo pseudogoepperti.
Citrophyllum eocenicum.’
Grewiopsis claiborniana.
Mespilodaphne columbiana.
Nectandra gosportensis.
Oreodaphne inequilateralis. '

ff

This flora is unquestionably of Claiborne age
and does not show thé unmistakable transi-
tional character exhibited by the Yegua floras

1t Stephenson, L. W., op. cit., p. 62.
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.of the central part of the Texas Coastal Plain, |

although more extensive collections from the
Yegua of Arkansas might serve to modlfy this
_statement.

The most prolific Claiborne locality is that
near Columbia, in Caldwell Parish, La. Numer-
ous good sections are exposed along the valley
scarp of Ouachita River and in the cuts along
the St. Louis, Iron Mountain - & Southern

Railway both uorth and south of the town of |

Columbia. The section from the top of the
cut east of the railway depot to the terrace
on which the town stauds gives a thickness of
about 100 feet of interbedded clays and sands.
The cut at the depot shows a lignitic layer
about' 2 feet thick about 5 feet above the base.
The - vegetable matter is more or less com-
minuted and pressed in platy masses, consist-
ing principally of small stems and but few
traces of leaves, none of which are sufficiently
preserved to be determinable. There are no
roots in the underclay,.and the material has
every appearance of having drifted. Most of
the cuts along the railroad show traces of
vegetable matter, but the materials are pre-
- dominantly sandy and the leaf remains broken
and poor.

.About a mile north of the depot a small
collection  of identifiable forms was made.
Here the materials are variable sands and
clays, mostly thin bedded, pyritiferous, and
gypsiferous. They are prevailingly brown to
gray in color and in places contain large sep-
tarian concretionary masses several feet in
diameter. '

About oue-fourth of a mile south of the
depot, in small gullies on the west side of the
track, the material is a bluish clay, in places
plastic aund free from sand. This clay is much
weathered, but in the more massive un-
‘weathered portions it contains an abundance
of well-preserved plants. It is much jointed,
however, and the specimens are not as good
as those from many localities in the lower
Eocene.
Columbia came from this outcrop. The fol-
lowing species have been identified: ‘

Acrostichum heéperium

] Goniopteris claiborniana.
Arundo pseudogoepperti (most abundant)
Canna flaccidafolia.

Thrinax eocenica.
Ficus unionensis.

Most of the forms recorded frdin |
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. Aristolochia claiborniana.
Coccolobis columbianus.
Pisonia claiborniana.

Cassia cockfieldensis.
Celastrophyllum gymmd01des
‘Celastrophyllum columbianum.
Cupanites parvulis.

Zizyphus claibornensis.
Grewiopsis. claiborniana.
Sterculia labruscoides.
Ternstroemites crowleyensis.
Oreodaphne inequilateralis.
Mespilodaphne columbiana.
Mespilodaphne caudata.

" The most easterly recorded outcrop of

Claiborne plants is furnished by a small and
poorly preserved collection made by Otto
Veatch from a hill along the public road to
Edison, 2% miles east of Fort Gaines, Clay
County, Ga. The section, as given by Veatch
and Stephenson,? shows the following sequence
of materials:

. Sectton of Claiborne deposits 2Y4 miles east of Fort

Gaines, Ga.

Age(?): Feet.
Yellowish massive sand, weathering deep red. 30

Clalborne

Drab laminated clay and aluminous soft
sandstone that contains marine inverte-
brates and grades into a carbonaceous clay
at the base that contains fragments of leaves

and stems_ _ - _________________-________ 15
Sand and clay, about._._______ e 5
Black sulphurous sandy clay.__. ... _.______ 4
Aluminous sandstone that contains casts of

FOSSIIS - e 2%
Concealed to level of creek_ . __ ____________ 4

A number of marine invertebrates, including
Plejona, Leda, Barbatia, Anomia, Venericardia,
Cytherea, Metis, Tellina, Mactra, and Pteropsis,
have been identified from this outcrop by
Vaughan,? who states that they represent the
lower portion of the Alabama Claiborne. The
fossil plants include a small leaflet of Sapindus
(not specifically determinable), fragments of
Arundo pseudogoeppertt, broken rays of what
is probably Thrinax eocenica, and the remark-
able sea-drift fruit which I have described as
Carapa zylocarpordes.

Fossil: plants have been collected from the

| Mount Selman formation from two localities,

Elkhart and Palestine, in Anderson County,

2 Veatch, Otto,and Stephenson, L. W., Geology of the Coastal Plain
of Georgia: Georgia Geol. Survey Bull. 26, p. 264, 1911.

2 Vaughan, T. W., Geology of the Coastal Plain of Georgla Georgia
QGeol. Survey Bull. 26, p. 264, 1911. .
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Tex. From the spillway of Elkhart Lake, 2
miles from Elkhart, the following species are
recorded :
" Citrophyllum eocenicum.
Mespilodaphne caudata.
Oreodaphne inequilateralis.

. The following were collected from Palestme

Apocynophyllum grevﬂleafohum
Apocynophyllum texensis?
Citrophyllum eocenicum.

Fagara claibornensis.

Ficus newtonensis.

- Gleditsiophyllum eocenicum.
Mespilodaphne columbiana.
Mimosites georgianus.

Sapindus georgianus.
Thrinax eocenica?

The following plants were collected from
beds near the middle of the Yegua formation
on Rock Cr cel\, W]llla,lll Dunn League, Brazos
County, Tex

Cedrela ]acksoniana.
Citrophyllum eocenicum.
Combretum petraflumense.
Fagara petraflumensis.
Hicoria jacksoniana.

Inga jacksoniana.
Mespilodaphne caudata.
Mespilodaphne texana.
Nectandra antillanafolia.
Oreodaphne inequilateralis.
Palmocarpon sp.

Sapindus yeguanus.

" Sophora balli.

Terminalia phaeocarpoides.

A glance at the table that shows the range
of the sespecies (pp. 15-17) shows conclusively
the transitional character of the Yegua flora in
this part of Texas.
from this locality 3, Fagara petraflumensis,
Palmocarpon sp., and Sophora balli, are not
‘known from other localities. Of the remain-
ing 11 species 4 are known only from beds of
Claiborne age. These 4 species— Citrophyllum
eocenicum, Mespilodaphne caudata, Oreodaphmne
inequilateralis, and Saepindus yeguana—are
common and widely distributed, two of them
being present from the Mount Selman forma-
tion upward. Mespilodaphne caudate has a
variety in the Fayette sandstone. Others, as,
for example, Terminalia phaeocarpordes, are
characteristic of the lower Jackson of Georgia.
Hicoria jacksoniana is present in beds in west-
-ern Kentucky whose age has not been deter-
mined but which are upper Jackson or younger.

Of the 14 species listed
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These features of the Yegua flora at Rock
Creek are shared by other Yegua floras in
Texas and seem to me to indicate clearly that
although- the lithologic unit in which they are
found is the Yegua formation, this formation
is partly Claiborne and partly Jackson in age
and that in all probability it will never be:
possible to draw a time boundary in this unit
of prevailingly continental deposits.

The following section of an outcrop along
Colorado River containing Claiborne plants has
been furnished by Mr. Deussen:

Section of the Yegua fomhation on Colorado River ome-
half mile below mouth of Rabb Creek and about 3%4
males northwest of Lagrange, Fayette County, Tex.

Feet.
Blue clay weathering brown._ ... _______________ 15
- White sulphur-stained sand that contains sticks
of lignite_ ____________ e ———— 1
Blue clay that weatherg brown______________.__ 10
White sulphur-stained sand___ .. . ___________.__ 1
Blue sulphurous elay _ - o oo aoo. 10
Brownelay .. _.._.__._. B ceccmedee—ian 3
White sand. .. .. i o __.__ ememmn 1
Blue clay that weathers brown. _ . ... cccoooa. 8
White sand - - - .. 1
Blue and brown laminated sandy clay......._..__ 10
Blue clay that contains impressions of leaves..... 1
Lignite . - eaaaa- 1
Blue clay that contains scattered impressions of
leaves_ e 12
Lignite - ioa- 1
Blue elay - - el 3
Covered.___ ... 6
Lignite . aaao- eman 1
Blue clay . e 6

Black lignitic elay... ... _._____ [, 6

“The following plants, clearly indicative of
upper Claiborne age, have been identified
from this outcrop: :

Aneimia eocenica.

Arundo pseudogoepperti. -
Thrinax eocenica. !
Ficus sp. (fruit).
Coccolobis claibornensis. -
Citrophyllum eocenicum.
Oreodaphne obtusifolia.
Diospyros brachysepala.

In the Nevils Prairie region the Yegua con-
sists of unconsolidated gray clays and sands
that contain limonitic concretions and large
quantities of silicified wood. At the southeast
margin of the prairie on Cedar Creek 5 feet of
1mperfectly laminated chocolate-colored clay
that carries small lenses of sand is exposed
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Three-fourths of a mile down Cedar Creek from
this point the following section is exposed:

Section of the Yegua formation in Nevils Prairie region,

Hotston County, Tex. .
: . Ft. in.

Brown carbonaceous shaly clay, locally lignitic. 2
‘Greenish-drab plastic clay that contains im-
pressions of leaves. ... __._________ 1
Brown lignite_ __ . ______ ... 1
Brown carbonaceous clay.

. The following plants, collected by C. L.
Baker, have been determined from this outcrop:

Lygodium kaulfussi.
Arundo pseudogoepperti.
Momisia americana.

Ficus unionensis.

Inga arkansensis.
Mimosites georgianus.
Sophora wilcoxiana.
Citrophyllum eocenicum.
Sapindus georgianus.
Sapindus yeguanus.
Sterculia labruscoides.
Persea lexingtonensis.
Oreodaphne inequilateralis.
Mespilodaphne columbiana.
Mespilodaphne caudata.
Nectandra gosportensis.
Apocynophyllum texensis.

Section of Claiborne debosits 10 miles southeast of

Guagjolote ranch.?®
Feet.

Shaly sapdstohe, fine grained, laminated, ripple-
marked in upper part, with poorly preserved leaf
impressions .

Thinly laminated sandy clay shale 15

Other sections in the vicinity of Santo
Tomas-are given by Vaughan in the report cited.

The fossil plants collected are few and poor.
The specimen alluded to as Celastrus related
to rectinervis (a misprint for curvinervis) is a
new species of Euonymus. There are also
present a species of Rhamnus, apparently new
but too incomplete for satisfactory characteri-
zation, a fragment of a large leaf doubtfully
determined as Dryophyllum brevipetiolatum,
.and a fragment of a fan palm, Sabalites sp.
These plants all come from beds above the
Santo Tomas coal seam. '

A small collection made by Vaughan and
Stanton in 1895 from & locality near the Rio
Grande about 30 miles above Santo Tomas con-
tains but three specimens, all of which appear
to represent Juglans schimper: Lesquereux, a
species which in the embayment region has thus
far been found only in the Wilcox but which
.may Wwell-have extended into a later period In

ik
OIS e

 Vaughan, T. W., U. S. Geol. Survey Bull. 164, p. 40, 1900.

OF SOUTHEASTERN NORTH AMERICA. -

this area, for it is common in the Green River

'Eocene of Wyoming. It is therefore included
| is this report as a possible member of the Clai-

borne flora.

An outcrop in a draw 1% miles due north of
the store at Palafox, Webb County, Tex., shows
for several hundred feet along the creek about
10 feet of buff argillaceous rather fine grained
sandstone, irregularly bedded and having the °
appearance of being partly wind laid, which is
also suggested by the irregular position of the
fossil leaves in the matrix. Plants ‘are very
abundant, but only a few species are repre-
sented. The forms identified are:

Apocynophyllum grevilleafolium.
Coccolobis claibornensis.

Ficus newtonensis.
Geonomites claibornensis.
Myrecia trowbridgi.

The last two forms are known only from this
outcrop, and neither genus has been known
heretofore in the Claiborne, although Geono-
mites occurs in the Upper Cretaceous Ripley
of Tennessee, in the lower Eocene of trans-
Pecos Texas, and in the Raton formation of
New Mexico and Colorado, and Myrcia ranges
from the Upper Cretaceous through the earlier
Tertiary of southeastern North America and
is common in both the Wilcox and the Jackson.
Both the Geonomites and the Myrcia are the
commonest forms near Palafox, and this small
flora derives special interest because it is in the -
basal Mount Selman and not more than 200 or
300 feet above the fossiliferous Wilcox on Con-
cillas' Creek in Webb County. These two
floras, so close’ stratigraphically, are entirely
different, thus emphasizing the probability of a
time interval between the Wilcox and the Clai-
borne.

Of the three species that have an outside dis-
tribution all occur throughout the Claiborne,
and both Apocynophyllum grevilleafolium and
Coccolobis claibornensis range up into the Jack-
son, so that the Mount Selman flora is typically
Claiborne in its facies and shows slight differ-
ences when compared with those of the Lisbon,
Gosport, or Yegua formations of Claiborne age.

LOCAL DISTRIBUTION - OF THE SPECIES.

The species that make up the Claiborne flora
are listed in the following table, which also in-
dicates the localities at which each species has
been found in the Claiborne deposits of the
southeastern United States and gives its geo-
logic range in this area and in other areas.
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Distribution. of the Claiborne flora—Continued.
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Diospyros brachysepala_ _________
Apocynophyllum texensis_________
Apocynophyllum grevilleafolium_ .

-

@2 e

'VHOTd ANYOSIVI) 40 UNHTDOW ATAAIW

LT



18 MIDDLE AND UPPER EOCENE FLORAS

COMPOSITION OF THE FLORA.

Such general considerations as would nat-
urally form an introduction to the discussion of
the composition of the flora have been rather
fully presented ?” in another publication and
therefore need not be repeated here. The flora
of the Wilcox group, which was described in the
publication referred to above, is the most exten-
sive Tertiary flora from this region, and com-

-prises about 350 species.. It therefore furnishes
the logical basis for the comparison and analysis
of the subsequent less fully known floras. -

The flora of the Claiborne group, although it
is found at scattered localities from Georgia to
southwestern Texas, is unfortunately not ex-
tensive, owing to a variety of circumstances,
among which the following may be enumerated.

The deposits of Claiborne age are of strictly |

marine origin throughout a much greater pro-
-portion of their outcrop than are those of Wil-

cox age, and it is only under exceptional cir-.

cumstances that representative terrestrial re-
- mains of life, either animal or vegetable, are
discovered in marine sediments. -Such deposits
of Claiborne time #s were littoral or continental
in type—for example, those of the upper Clai-
borne—are prevailingly much more sandy than
the comparable deposits of Wilcox age and are
- thus not so favorable for the preservation of
plant remains other than petrified wood.
Moreover, the imnnumerable local clay lenses
that carry fossil plants in the Wilcox sands.and
their considerable exploitation by clay-working

industries render it feasible to explore these

beds much more thoroughly. I have no
doubt that when stratigraphic or commercial
exigencies shall warrant a detailed areal exami-
‘nation of the Claiborne, especially of that great
area extending from MlSSISSIppl River to the
Mexican boundary, over which there is such a
considerable development of the Yegua clays,
the known flora of the Claiborne will be
doubled or trebled.

The Claiborne flora, as described in- this
report, consists of but 90 species as compared
with 853 in the antecedent Wilcox and 133 in
the Jackson, or upper Iocene, which im-
mediately succeeds the Claiborne beds. Ninety
species is an extremely small quota of a flora
which in life must have comprised several
thousand species of flowering plants, and the

2 Berry, E. \V., The lower Tocene floras of southeastern North
America: U. 8. Geol. Survey Prof. Paper 91, pp. 72-161, 1916.
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conclusions that have been deduced from its
study can only be considered tentative in
character. As all the Tertiary floras of
southeastern North America were composed
of lowland and coastal types and as the known
Claiborne forms are well distributed among the
natural orders they are valuable for discus-
sions of correlation, paleobotany, and ecology.

These 90 * Claiborne species comprise 1
fungus, 6 ferns, 5 gymnosperms, 8§ mono-
cotyledons, and 70 dicotyledons. They repre-
sent 66 genera in 34 families and 24 orders. .
The largest orders are the Filicales, which is
represented by 6 species; the Conlferales 5;
the Arecales, 6; the Urticales, 5; the Rosales,
8; the Geramales, 5; the Sapmdales, 10; the
Thymeleales, 13; and the Myrtales, 5

The largest famlly is the Lauraceae, which
is represented by 13 species. Next in abund-
ance of specific differentiation come the
leguminous alliance, segregated into 3 families,
which is represented by 8 species, and the
Sapindaceae, which is represented by 7 species.
Then follows the Arecaceae, 6 species; the
Pinaceae, 5 species; and the Polypodiaceae,
the Moraceae, the Rhamnaceae, and the
Combretaceae, 4 speCIes each. The Rutaceae
and the Celastraceae are represented by 3
species each. The Schizaeaceae, Juglandaceae,
Polygonaceae, Meliaceae, Ternstroemiaceae,
Cornaceae, Sapotaceae, and Apocynaceae are
each represented by 2 species, and the Pyreno-
mycetes, Poaceae, Cannaceae, Myricaceae,
Fagaceae, Ulmaceae, Aristolochiaceae, Nycta-
ginaceae, Tiliaceae, Sterculiaceae, Myrtaceae,
Araliaceae, and Ebenaceae are each repre-
sented by a single species.

A majority of those Claiborne species which
have been found at several localities are also
present in either the Wilcox or Jackson
deposits or are present in formations of nearly
the same age in other areas, thus confirming
the supposition that they represent virile
forms that may be considered to be the com-
monest Claiborne species. These forms in-
clude Lygodium kaulfussi, which' has been
collected from Alabama, Mississippi, and Texas,
survives into the Jackson, and is found in the
western United States and Europe; Cupres-
sinozylon dawsoni, which is found at three
localities in Texas and if correctly identified
is present in the Canadian Tertiary; Arundo
pseudogoepperti, which occurs in Georgia, Ala-
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bama, Mississippi, Arkansas, and Texas and
survives into the Jackson; Thrinax eocenica,
which occurs in Georgia, Mississippi, Louisiana,
and Texas and survives into the Jackson;
Mimosites georgianus, which occurs in Missis-
sippl and Texas and survives into the Jackson;
Sapindus mississippiensis, a common Wilcox
species, and Sapindus yeguanus, which occur
at thrée localities in the Claiborne; Ster-
" culia labruscoides, which occurs in Mississippi,
Louisiana, and Texas; Oreodaphne inequi-
lateralis, which occurs in Alabama, Missis-
sippi,  Louisiana, and Texas; Nectandra
gosportensis, which occurs at four localities in
Alabama, Mississippi, and Texas; Mespilo-
. daphne columbiana, which occurs at six locali-
ties in Alabama, Mississippi, Louisiana, and
Texas and survives into the Jackson.

The commonest species, if the foregoing de-
terminations are accepted, comprise a climbing
fern, a gymnosperm, a grass, a strand palm, a
sea grape, a mimosa, a small citrus tree, a
Dodonaea, two soapberries, a Sterculia, and
three lauraceous forms. Besides numerous
traces of leaf-spot fungi the thallophytes are
represented by a single species of an intra-
cellular fungus, which is referred to -Clado-
sporites. This fungus is very common in the
vessels of silicified lauraceous wood and sur-
vives into the Forest Hill sand (in part of
upper Jackson age, in my opinion). No
traces of bryophytes have been observed.
The pteridophytes comprise 6 species- of
ferns—2 Schizaeaceae and 4 Polypodiaceae.
The Schizaeaceae include an Aneimia and a
Lygodiwm, both of which genera are represented
in the Wilcox. Both are apparently coastal
types, the Lygodium in particular belonging to
a genus that has more than 30 existing species
of climbing ferns in the warmer parts of both
hemispheres and is not uncommon in coastal
thickets. The Polypodiaceae, a large, rela-
tively modern family that includes hundreds
of species in the American Tropics, is repre-
sented in the Claiborne by two species of
Acrostichum, a Goniopteris, and a Pterts. The
only genus common to the Wilcox is Pteris.
Thus far no traces of the Asplenium or. Meni-
phylloides of the Wilcox have been found in
the Claiborne, although Meniphylloides is one
of the characteristic types of the upper Wilcox.
A very characteristic type that is unaccount-

‘similar situations.

19

ably absent in the Wilcox but is present in
the Claiborne, Jackson, and Catahoula is the
genus Acrostichum, which has two species in
the Claiborne. Acrostichum is a genus of
swamp ferns- whose commonest and widest-
ranging existing species is a ‘strictly coastal
form of tidal nipa and mangrove swamps and
This type seems to have
appeared in the middle Claiborne and was
not associated with the nipa palms and Awi-
cennta mangroves of the Wilcox, although in
Europe it occurs in such associations in de-
posits earlier than the Claiborne. An unde-
terminable fragment of Acrostichum, how-
ever, has been found in the.upper Wilcox of
Louisiana. The genus Goniopteris, which has a
fine Claiborne species, is a familiar type in
Tertiary floras and contains about 60 existing
species, nearly all of which are confined to the
American Tropics, although a few are found
in the Old World Tropics. It is related to

Menmiscium, the modern representative of the
Wilcox Meniphylloides; " in fact, Christensen,
one of the foremost students of existing ferns,
makes Menisctum and Goniopterts subgenera
of. Dryopteris.

Though ferns comprise 9 per cent of the
known Claiborne flora, they are not as com-
mon or as varied as might be expected in the
climatic environment that I have predicated for
Claiborne time. However, the Claiborne flora,
like that of the preceding Wilcox and succeed-
ing Jackson, is a coastal flora and is made up
very largely of strand types, whereas the
great variety and abundance of ferns in the
modern Tropics are those of upland or moun-
tainous rain forests. o

In conformity with the relative unimportance
of gymnosperms in Tertiary floras, and par-
ticularly in those of southeastern North Ameri-
ca, where climatic conditions appear to have
been on the whole too warm, it is not surpris-
ing to find but five species in the Claiborne.-
There are two species of Cupressinoxylon that
are based on petrified wood, which is not un- .
common, especially in the Yegua formation,
and a third variety of wood is referred to
Sequoia, although no foliage of Sequota has been
discovered. A cone that has not been cer-
tainly identified is referred to Athrotasis,
which is represented by cone scales in the Wil-

.cox and occurs not uncommonly in Tertiary
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floras but survives in only a small mesophytic
area of Tasmania. Qlyptostrobus, which is rep-
resented in existing floras by but two species
"in the river bottoms of southeastern Asia, is a
dominant and widespread Tertiary type in both
hemispheres and one that was already present
in southeastern North America during Wilcox
time, and is also present in beds that are ten-
‘tatively referred to the upper Jackson. It is a
polymorphous species, and its identification is
a matter of considerable uncertainty. Though
cycads are rare fossils in the Tertiary deposits
it is surprising that the Zamia type so common
in the American Tropics has not been detected
in the Claiborne, parmculally as two species
have been discovered in the upper part of the
Wilcox.

Among the monocotyledonous seed plants
only the families Poaceae, Cannaceae, and
Arecaceae are represented in the Claiborne.
Grasslike fragments are common in the Clai-
borne clays, as they are likewise in most Ter-
tiary floras, but the only one named is a'char-
acteristic reedlike grass, which in conformity
with paleobotanical usage and without signi-
fying botanical identity is referred to the
- genus Arundo. The Cunna is well marked and
is probably descended from Cannae ecocenica
Berry of the Wilcox. A third well-charactei-
ized species is present in the Jackson. Its
existing representatives are numerous in coastal
river swamps and are confined to the tropical
and subtropical regions of America. The
palms are less varied than might be expected
but comprise five different forms. No traces
have been found of the Sabalites type of fan
palm except a fragment from the area along
the Rio Grande. Sabalites, like its modern
lepu,senmtwc Sabal, was a coastal type, occur-
ring in both the Wilcox and.Jackson. It
may therefore be presumed to have been more

“common during the deposition of the Claiborne
than the records yet show. The three known
Claiborne species of palms, based on leaves,
comprise a fan palm (Thrinaz) and two feather
palms (Bactrites and Geonomaites). . Both Thri-
nex and Bactrites make their first known ap-
pearance in the geologic record during Clai-
borne time. Both are relatively small coastal
forms, the 7Thrinar preeminently . so, and
although Bactris has its modern center of dis-
tribution in the Amazon region, many of its
smaller species form tangled thickets in the
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swampy forests near the coast in the Carib-
bean region. Both genera are American in
origin, although certain extingt members of the
tribe Bactridae have been detected in the Oli-
gocene of southern Europe.

The Geonomites, which is known only. from
the basal Mount Selman formation along the
Rio Grande, belongs to a type represented by.
the existing genus Geonoma—a type which
makes its appearance in the Ripley formation
of the Upper Cretaceous but which, except for
this Claiborne species, is unknown .in the
Coastal Plain Tertiary, although abundant and
varied in the early Docene of trans-Pecos
Texas, New Mexico, and Colorado. The
modem representatives are prevailingly stem-'
less or short-stemmed palms, of different
species and confined to the region extending -
from Central America and the Antllles to Rio
de Janeiro and eastern Bolivia. '

The Claiborne has also furnished petrified
palm wood, which is referred to the genus
Palmozylon, and palm fruits of the familiar
nutlike type of uncertain generic relationship,

which are referred to the genus Palmocarpon.

The (]1cotyled0n0us seed plants are the most
numelous element in the Claiborne flora and
include representatives of 27 families.
Twenty-four of these families, which are repre-
sented by 65 species, are Choripetalae (Archi-
chlamydeae), and. only three families, which
are represented by 5 species, are Gamopetalae
(Sympetalae). Thus the Gamopetalae con-
stitute only about 7 per cent of the known
flora. In the much larger Wilcox flora there
are 251 species of Choripetalae and 34 species
or about 12 per cent of Gamopetalae. As the
Gamopetalae was probably on the increase
throughout the Tertiary these facts simply -
illustrate the paucity of the-known flora of the
Claiborne.

The order Juglandales, which is represented
in the Wilcox by 8 species of Juglans, Engel-
hardtia, and Pamengelha,rdtia, is represented in
the Claiborne by a single species each of Hicoria
and Juglans; although Engelhardtia occurs in
the Jackson and must therefore have been
present during Claiborne time. A rather full
account of this genus has already been given.?

The order Myricales, which is represented
by the existing genera Myrica and OOmptoma

% Berry, E. W., U. S. Geol. Survey Prof. Paper 91, pp. 78-80,fig. 5,
1916,
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both of which are old types that were already
present in the Upper Cretaceous, is repre-
sented by a single species in the Claiborne as
compared with two Wilcox. species and one
Jackson species. The genus is much more
abundant in the European Tertiary. The
existing species are relatively few in number,
are widely scattered geographically, and repre-
sent survivors from a Tertiary cosmopolitan-
ism. They. are temperate and subtropical,
and a number of species are coastal forms of
both swamps and sand dunes. . Myrice clai-
borniana is believed to have had a habitat
like the existing Myrica cerifera, which reaches
its maximum of growth in the sandy swamps
along the South Atlantic and Gulf coasts or
in the depressions behind dunes where the
ground water is near or reaches the surface. -

The order Fagales, which includes the well-
known trees of the Temperate Zone of the
tamilies Betulaceae and Fagaceae, is repre-
sented in the Claiborne by a single species of
Dryophyllum, although both families are pres-
ent in the Upper Cretaceous of North America
and the extinct fagaceous genus Dryophyllum,
which includes 5 species, is one of the com-
monest types in the Wilcox flora. It also
occurs in the Jackson flora and in the Oligocene
of this area and was therefore probably present
‘during the Claiborne in more abundance than
the 1ecords indicsdte. ,

The order Urticales, which includes the
families Ulmaceae, Moraceae, and Urticaceae
and contains about 1,600 existing species, is
represented in the Claiborne flora by the
Ulmaceae and Moraceae. The Urticaceae are
lmgely herbaceous forms that have few fossil
spcclcs and are probably of relatively modern
origin. The Ulmaceaé, which are represented in
tho Wilcox by Planera, a warm temperate type,
ave represented in the Claiborne by Momisia, a
Lloplcnl type. The very large family Mora-
ceae is represented in the Claibomc by 4
species of Ficus as comparved with 23 Wil-
cox species of Iicus, Artocarpus, and Arto-
carprdium. It is singular that no representa-
tive of the last two genera has been detected
in the Claiborne, for the breadfruit is abundant
in the Wilcox and reappears in the post-
Eocene of this area. The Claiborne figs are
all of the lanceolate, pinnate-veined type and
were probably all forms that started life as
parasites.

in the Tropics.

‘Europe and America.
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The order Proteales, which consists of the
single family Proteaceae. and includes about
1,000 existing species, some of which are
among the prominent arborescent types of the
Bouthern Hemisphere, has not been detected in
the Claiborne, although it is abundantly repre-
sented in the antecedent Wilcox flora and is
also found in the Jackson.

The order Aristolochiales, which has a species
of Aristolochia that is repredented by fruit in
the Wilcox, is represented by leaves in the
Claiborne. The modern species, which are
numerous in the warmer regions of both hemi-
spheres, are perennial herbs or climbing vines,
and Aristolochia clasborniana may be regarded
as one of the lianas of the Claiborne beach
jungle. :

The order Polygonales includes the single
family Polygonaceae, which has about 800
existing species that are herbaceous in the
Temperate Zone and shrubby or arborescent
Its geologic history is prac-
tically unknown, although the genus Coccolobis -
has two species in the Claiborne as well as two
species in the antecedent Wilcox and is repre-
sented in the Upper Cretaceous of this area by
the genus Coccolobites. Coccolobis has about
120 existing species, all confined to the Amer-
ican Tropics. Two species, the sea grape and
pigeon plum, reach the Florida Keys and are
widespl ead tropical American strand types. It
is believed that the Eocene species were simi-

‘lar in habit and habitat to these modern forms.

The order Chenopodiales is a large alliance of
ill-assorted and mostly modern forms. It was

represented during’ Wilcox and Claiborne time -

by the family Nyctagmaceae which has a single
Claiborne species of Pisonia as compared with
3 Wilcox species and 3 Jackson species. The
genus Pisonie includes about 40 different
species, chiefly of the American Tropics. It
has an extended geologic history and was
already present in the Upper Cretaceous of both
The fossil species, like
the single modern form that reaches the Florida
Keys, were strand types and appear to have
been continuously present along the strand of
the Mississippi embayment from the Upper
Cretaceous through the Eocene and Oligocene.

The order Ranales, a large but probably
unnatural alliance, i1s usually prominent in
fossil floras from- the Upper Cretaceous on-
ward. No traces of Magnoliaceae, Menisper-
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maceae, or Anonaceae have been discovered
in the Claiborne, although all three families
are present in the Wilcox.

The order Papaverales, which is represented
in the Wilcox by the family Capparidaceae, is
not represented in the Claiborne.

The order Rosales, which includes 18 fami-
lies and over 14,000 species in the existing
flora, is represented by five families in the
flora of the Wilcox group. No traces of two
of these families, the Hamamelidaceae and
Rosaceae, have been detected in the Clai-
borne, although I would expect to find the
genus Chrysobalanus, for it was a strand plant
in the Wilcox, as it is along the shores of the
existing American and West African Tropics-

The three leguminous families Mimosaceae,

Caesalpiniaceae, and Papilionaceae, which are
so prominent in modern tropical forests, are
represented by two or three species each in the
Claiborne, as compared with more than fifty
species in the Wilcox flora. The Mimosaceae
include a species of Mimosites and one of
Inga. The genus Inga appears in the Tus-
caloosa formation (Upper Cretaceous) of Ala-
bama and the Cenomanian of Saxony. It was
common during the Wilcox, and its 200 exist-

ingspecies are confined to the American Tropics,

where they are massed in the Brazilian re-
gion. Inga and Pithecolobium have been
separated by Bentham ** on the basis of leaf

habit. - The Caesalpiniaceae are represented |

in the Claiborne by leaves of Cassta and
@ledatsiophyllum and by the characteristic
pods of. the genus Copaifera. These pods
constitute the oldest known occurrence of
Copaifera and are the only fossil record of this
genus for North America. The genus Copai-
fera contains about 16 existing species, three-
“fourths of which occur in the American Tropics
and the balance in tropical Africa. Ithas been
recorded from the lower Miocene of Chile and
occurs in the Oligocene and Miocene of Europe.
The family Papilionaceae, which includes
two-thirds of the existing Leguminosae, is the
culmination of the alliance, and many of its
herbaceous species are of relatively modern
" origin. It is represented in the Claiborne by
three species of Sophora, one a survival from the

29 Bentham, George, Notes on Mimoseae, with a short synopsis of
species: Jour. Botany (London), vol. 4, p. 578, 1845. Pittier (Contr.
U. S. Nat. Herbarium, vol. 18, pt. 5, p. 181, 1916) considers that some of
the once-pinnate Ingas are referable to Pithecolobium on the basis of
floral and fruiting characters.
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Wilcox and the others new. These forms
resemble the cosmopolitan modern strand
plant Sophora tomentosa. The genus contains
about 25 existing species of shrubs and small
trees and is represented on all tropical sea-
shores. Like them, the Claiborne species were
probably plants of the strand. The genera
Dalbergia and Canavalia, both strand plants
and both represented by an abundance of
unmistakable material in the Wilcox, should
occur in the Claiborne, but they have not yet
been discovered. :

The order Geraniales, which includes 21
families and more than 10,000 existing species,
has two families in the Claiborne, as compared
with six in the Wilcox and four in the Jackson. .
The family Rutaceae is represented n the
Claiborne by species of Fagara and Citro-
phyllum. The genus Fagara, which includes
about 150 cosmopolitan tropical species, ap-
pears in the Wilcox and continues as a promi-
nent element in the Jackson and Oligocene of
this region. It is distinctly a strand type.
The genus Citrophyllum¥is¥extinct and was
confined to America. The oldest species occur
in the Upper Cretaceous deposits of the Coastal
Plain and along the borders of the interior
Cretaceous sea. It is present in the Wilcox
and is a prominent element in the Claiborne
flora from Alabama to Texas. The family
Meliaceae is represented by a species of Carapa
that was very similar to the oriental mangrove,
Carapa obovata, and, like that mangrove, it was
obviously a strand plant that was dispersed
by ocean currents, for only the characteristic
large seeds are found as fossils in the Claiborne.
The leaves, however, have been identified from
the Wilcox. The genus Cedrela, which is con-
fined to the American Tropics in modern
floras, is represented by four Wilcox species
and a single Claiborne species which survives
into the Jackson. The families Humiriaceae
and Malpighiaceae of this order, both of which
are present in the Wilcox, have not been found
in the Claiborne, although the Malpighiaceae
occurs in the Jackson and should be repre-
sented in the Claiborne by Banisteria. The
largest family of Geraniales, the Kuphorbi-
aceae, has also not been found in the Claiborrie,
where at least the strand plant Drypetes,
which is common-in the Wilcox, should be
found. '
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The order Sapindales (Celastrales) includes
over 3,000 existing species in 20 families-
Of the families that usually occur in fossil

floras from the Upper Cretaceous. onward, the

Anacardiaceae and Ilicaceae have not been
found in the Claiborne, in which only the
families Celastraceae and Sapindaceae are
represented. The Celastraceae contains two
Claiborne species of Celastrophyllum, which
are of rare occurrence, and a single species of
Evonymus, a common Kocene type. The
Sapindaceae have seven Claiborne species
that represent the genera Cupanites, Dodonaea,
and Sapindus, all of which are common types
in the Wilcox. The Cupanites of the Claiborne
is vare, but the Dodonaea is common and is
very close to the existing strand plant Dodonaea
viscose of the equatorial region of both hemi-
spheres, and like that type it was distributed
by ocean currents. Sapindus, which has been
-present along the shoves of the Gulf of Mexico
from the Upper Cretaceous to the present, has
five Claiborne.species, two of which survived
from the Wilcox. They are distinctly types
of the strand and are largely distributed by
ocean currents.

The order Rhamnales includes about 1,000
existing species of shrubs, trees, and vines,
_about equally divided between the families
Vitaceae and Rhamnaceae. The Rhamnaceae
is the only family represented in the Claiborne
and in the Wilcox. There are four Claiborne
species of Rhamnaceae, two of which are
based on petrified woed. These forms com-
prise a species of Rhamnacinium, a generic
term for rhamnaceous wood, and Reynosia, a
genus that consists of two existing small trees
of the strand flora ranging from the Florida
Keys through the West Indies. The only
other fossil species of Reynosia are two from
" the Wilcox, which are based upon the foliage,
whereas the Claiborne species is based on the
wood. The third species of Claiborne Rhamna-
ceae is referred to the genus Zizyphus. Zizy-
phus contains about forty existing species of
shrubs and small trees, mostly Indo-Malayan,
though a few species occur in all tropical regions.
It is present in the fossil floras of North
America from the Upper Cretaceous onward
and has no less than ten species in the Creta-
ceous. A characteristic and handsome species
is found in the Tuscaloosa formation of Ala-
bama and the synchronous Woodbine sand of
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Texas. There are two well-marked Wilcox
species. ' '

The order Malvales contains nine families and
about 1,800 existing species. Three of the nine
families—the Tiliaceae, Sterculiaceae, and Bom-
bacaceae—are represented in the Wilcox, and
the first two of these families-are also present
in the Claiborne. The Claiborne species of Tili-
aceae, like that of the Wilcox, belongs to the
genus Grewiopsis, an extinct genus of American
origin ancestral to the genus Grewia of the
Eastern Hemisphere. The family Sterculi-
aceae is represented in the Claiborne by a well-
marked and common species of Sterculia, which
belongs to the section Lobatae and which is
present in southeastern North America from
the Upper Cretaceous onward. The family
Bombacaceae, which has not yet been found
in the Claiborne, has two Wilcox species and
a third in the Jackson.

The order Parietales is a complex alliance that
contains 30 families and over 4,000 existing .
species. The single family Ternstroemiaceae
has been found in the Claiborne, where it is
represented by two species of Ternstroemites
that have descended from Wilcox species. The
family Dilleniaceae, which is abundantly repre-
sented in the Wilcox, has not yet been discov-
ered in the Claiborne.

The order Thymeleales, as in most Tertiary
floras, is represented in the Claiborne flora by
the family Lauraceae, where it has 13 species.
There is a single narrow-leafed species of cam-
phor tree (Cinnamomum), two species of Per-
sea, two of Oreodaphne, two of Mespilodaphne,
three species of Nectandra, and three species
that are based on the petrified woods-and are
referred to Laurinozylon. All these genera are
abundantly represented in the Wilcox and are
characteristic members of the Eocene floras of
this region.

The order Myrtales is represented in most
Upper Cretaceous and Tertiary floras by the

family Myrtaceae, whose origin and peculiar

distribution has been the subject of several
recent papers.®® -It has not yet been discov-
ered in the Claiborne, except for a single species
of Myrcia in the basal Mount Selman formation.
Myrcia also occurs in the Upper Cretaceous and in
the Jackson and subsequent Oligocene floras of

30 Andrews, E. C., The development of the natural order Myrtaceae
Linncan Soc. New South Wales Proc., vol. 38, pp. 529-568, 1913. Berry
E. W.,, The origin and distribution of the family Myrtaceae: Bot. Ga-
zatte, vol. 59, pp. 484-490, 1915,
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this region. ,
thus far known from the Claiborne is the family
Combretaceae, which is represented by species
of Terminalia, Conocarpus, Laguncularia, and
Combretum. The first is a strand type that had
lower Eocene ancestors in this region, and the
three last, which are also descended from Wilcox

_ancestors, are characteristic members of the
mangrove association.

The families Hydrocaryaceae and Melasto-
mataceae, which are usually represent,ed in fos-
sil floras by species of Trapa and Melastomites,
as they are in the Wilcox, have not been de-
tected in the Claiborne.

The order Umbellales consists of the three
closely related families the Araliaceae, Umbel-
liferae, and Cornaceae. It contains more than
3,000 existing species, of which two-thirds be-

‘long to the Umbelliferae, a family which has
many herbaceous extratropical forms that may
be considered of modern evolution. The other
two families, however, have a history that goes
as far back as dlcotyledons have been found.
The Araliaceae are especially abundant in the

-~ Upper Cretaceous. There are several species

of Aralia and two of Oreopanaz in the Wilcox,

and a single species from the Claiborne is re-
ferred to Oreopanaz.

The family Cornaceae is represented in the
Claiborne by a very large fruited form "of
Nyssa, or gum, which survives into the Jack-
son; and a second smaller species that is in-
herited from the Wilcox. The genus com-
prises seven or eight existing species of -south-
- eastern North America and eastern Asia,-and
about fifty extinct species that range from the
Upper Cretaceous onward. It has been con-
tinuously present along the coasts of the Mis-
sissippi embayment from the time of the depo-
sition of the Tuscaloosa formation to the
present. The modern species range from
shrubs to large trees, and the size of the fruit
stones of the Wilcox, Claiborne, and Jackson
species leads me to the conclusion that they
were large trees like the modern cotton gum or
tupelo gum and that like the tupelo gum they
inhabited river and estuary swamps, bayous,
and the wet regions behind coastal dunes and
similar locahtles

This list. ends the enumeration of the Clal—
borne Choripetalae,. and it may be noted that
although the Choripetalae are distinctly older
than the Gamopetalae, none of the families have

The only other myr't'aceous, family
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succeeded in maintaining a world-wide distri-
bution, as have several families of Monocoty-
ledonae and Gamopetalaec. Nor has any dis-
tinctly boreal group been developed, as among
the Gamopetalae. The Choripetalae are dis-
tinctly tropical in their beginnings and largely
American, for though certain great families
characterize the North Temperate Zone they
are almost exclusively herbaceous forms, such
as the Polygonaceae, Caryophyllaceae, Cruci-
ferae, Saxifragaceae, Onagraceae, and Umbel-
liferae, which are believed to be mainly of rela-
tively recent origin. '

The second grand division of the dicotyledo-
nous seed plants—the Gamopetalae or Sympe-
talae—constitutes a rather well-defined group,
presumably derived from the Choripetalae and
characterized by cyclic flowers and usually a
gamopetalous corolla. The morphologic em-
phasis has always been laid upon floral struc-
ture, and it is not certain that the group is
monophyletic, although its compactness lends
some measure of support to such a theory.
There are nine or ten gamopetalous orders and
more than 50,000 existing species. Herba-
ceous forms predominate, and several of the
families are distinctly boreal. Although the
Compositae, Labiatae, and Plantaginaceae have
attained a world-wide distribution, this distribu-
tion fails to show the apparent anomalies that
are usually shown by families that have an ex-
tended geologic history. These and many
other facts suggest that the Gamopetalae, as
evolutionary theory demands, were the last
plants to appear in the record, and that the
herbaceous extratropical families are relatively
modern, and that their major specific differen-
tiation is a part of postglacial botanic hlstory

Six gamopetalous orders are represented in
the Wilcox, but only two of these have been
observed in the Claiborne. These orders are’
the Ebenales and Gentianales, and no traces of
the Primulales, Polemonmles Pclsonales, or
Rubiales have been discovered.

The order Ebenales includes four families
and more than 1,000 existing species. The
two largest of these families are the Ebenaceae

‘and Sapotaceae, and both are present in the

Claiborne as in the Wilcox. The family
Ebenaceae consists of-about 8 genera and over
300 existing species of shrubs and trees, of
which over half are referred to the genus
Diospyros. They are mainly tropical and
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have many extinct species, Diospyros being
represented by calices as well as leaves from
the Upper Cretaceous onward and being con-
tinuously present in southeastern North Amer-
ica during all that vast lapse of time. Its
history has been summarized. in another
paper ** and need not be repeated here. The
Sapotaceae is also a tropical family. It has
about 400 existing species of shrubs and trees,
and many of its modern forms are coastal in
habitat. Its history goes back into the Upper
Cretaceous, from which time it has been con-
tinuously represented in southeastern North
America. There were 4 genera and
species in the Wilcox, but three of these
genera have not been detected in the Clai-
borne, although Bumelia was probably present

and will eventually be discovered. A species |

of Mimusops is sparingly represented in the
Claiborne collections, and the characteristic
seed of a large-fruited ancestor of the modern
sapotas and sapotillas has been made the type
of the genus Eoachras® Its size is remarkable
“and indicates the evolution of these modern
large-fruited and few-seeded forms at such a
remote period. ' '

The order Gentianales includes 6 families
and more than 5,000 existing species, of which
more than a third belong to the family Asclepi-
adaceae, which is not represented in the Clai-
borne, where the only family of this order
that is present is the Apocynaceae. The

. Apocynaceae shares with the Asclepiadaceae |

the development of a latex system,. It has
over 1,000 existing species and is generally
represented in the fossil records by forms re-
ferred to Apocynophyllum, although several
other genera occur sparingly in the geologic
record. Apocynophyllum is known from the
Upper Cretaceous onward in both Europe and
America.. There are five species in the lower
Eocene of southeastern North America, but
only two are known from the Claiborne, and
both of these survive into the Jackson.

The gamopetalous families which were al-
ready present in this region during the lower
TKocene but have not yet been detected in the
Claiborne are the Myrsinaceae, Oleaceae, Bora-
ginaceae, Verbenaceae, Solanaceae, and Rubi-
aceae, and none of these except the Solan-

8 Borry, E, W., Some ancestors of the persimmon: Plant World, vol.
15, pp. 16-21, T figs., 1912.

3 Berry, E. W., An Eocene ancestor of the Zepodille: Am. Jour. Sci.,
4th ser., vol. 39, pp. 208-213, pl. 1, 1915.
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aceae, and that one doubtfully, have been
found in the equally meager flora of the over-
lying deposits of Jackson age.

PHYSICAL CONDITIONS -AND GEOLOGIC
HISTORY.

There is no reason to suppose that the climate -
and other physical conditions during the
interval between Wilcox and Claiborne time or
during early Claiborne time differed materially
from those that prevailed during Wilcox time.
The floras found in the lower, middle, and upper
Claiborne deposits are too small for precise
deductions, but the great similarity between
these floras and those of the lower Jackson
makes it probable that the climate became
gradually warmer during Claiborne time, for
the lower Jackson flora is distinctly more
tropical than that of the Wilcox. As I inter-
pret the evidence, there appears to have been
a steady progression throughout the Eocene in
this area toward more tropical conditions. |
The Upper Cretaceous floras suggest the exist-
ing warm temperate rain forests, those of the

lower Eocene are similar but indicative of

slightly warmer climate, and those of the mid-
dle ocene are intermediate between sub-
tropical and tropical. The upper Eocene and
lower Oligocene floras in this region are still

‘more tropical in character, after which time

the climatic curve seems to have descended
until the conditions gradually approximated
those that prevail at the present time in these
latitudes.

One of the best criteria for forming an
estimate of the character of an extinct flora is
the study of the florule of a single locality like
that at Claiborne Landing, Ala. - The environ-
ment in this vicinity may be pictured as a small
lagoon or estuary, where the characteristic
marine sands were replaced by mud, which
facilitated the preservation of the scraps of
vegetation that floated or were blown into it.
The shore was close at hand, and the time was
near the end of the Claiborne, or at least after
the Claiborne sea had commenced to recede.
If the time for the accumulation of plant re-
mains extends over a long period or the area of
accumulation is large a fairly complete repre-
sentation of the plants growing in the vicinity
becomes preserved. If the area is small and
the time short only the commonest plants will
be preserved, and this sifting out of the less
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common forms s1mp11ﬁes the problem for the
student. The plants found in the small clay
lens at Claiborne Landing fulfill in every way
the latter conditions. Only 15 species have
been determined from this lens, and these
obviously represent the most abundant forms
growing along the Claiborne * shore. They
comprise two ferns—a Lyqodwm and an
Acrostichum.
- Lygodium is a clambering form of tropical
coastal thickets, and Acrostichum is the com-
monest modern fern element in the strand flora
of the tropics, growing in swamps behind the
mangrove association and in similar situations.
It seems to be the one fern that tolerates
brackish and salt water and is a large, gre-
garious, and. wide-ranging form. Lygodium
extends into the warm temperate zone and
" away from the coast. Acrostichum haunts the
strand and is confined to the Troplcs The
third plant at Claiborne Landing is a species
of Arundo, a large estuary marsh grass or reed.
"The remaining 12 species are all dicotyledons
and represent the genera Myrica, Ficus,
Coccolobis, Citrophyllum, Sapindus, Oreodaphne,
Mespilodaphne, Nectandra, Terminalia, Cono-
carpus, and Laguncularia. The last two are
mangrove plants of brackish or salt tidal
swamps of tropical and subtropical regions.
Myrica'is a coastal dune and swamp plant that
extends well outside the equatorial zone.
Coccolobis 1s distinctly a plant of the sandy
tropical strand, as are also Sapindus and Ter-.
minalia. There remain for consideration a fig,
a small citrus form, and four lauraceous forms.
These all have numerous modern species in a
variety of habitats, but all have representa-
tives in the beach jungle of tropical and sub-
tropical regions. No palms have been col-
lected at Claiborne Landing, but Thrinax
occurs both to the east and to the west and is
a tropical American strand plant at the present
day, a species of Bactrites occurs in eastern
Mississippi, and a Geonomites occurs in Texas.
The numerous modern species of Bactris furnish
. several small forms that are members of the
strand flora in Central America and northern
South America.

I conclude that the Claiborne coast of Ala-
bama was covered with a typical subtropical
strand flora made up of mangrove and Acrosti-
‘chum swamps, alternating with beach jungle on
the strand and behind the dunes.

(5]? SOUTHEASTERN NORTH AMERICA.

The known middle Eocene flora of southeast-
ern North America is much less extensive than
that of the lower Eocene. The flora of the
Claiborne group is less than one-third as large
as that of the Wilcox group. The small num-
ber of species can not be interpreted; however,
as an indication that the . vegetation' which
clothed the Claiborne shores was less luxuriant
or less varied than that which immediately pre-
ceded it. No marked.climatic changes are dis-
cernible, and the other physical conditions of
the environment were practically unchanged,
so that the major element of this disparity
must be ascribed to the imperfection of the
geologic record. Besides, the area of outcrop .
of the Claiborne has been less thoroughly ex-
plored than that of the Wilcox, although this
is in a measure due to the unpromising charac-
ter of the Claiborne lithology. Nowhere in the
Claiborne except in the Yegua formation do
extensive leaf-bearing clays and palustrine
deposits occur, such as characterize so much
of the Wilcox and are so favorable for the
preservation of the remains of terrestrial plants.
The clays so common in the Lisbon and Talla-
hatta. are for the most. part of marine origin
and have thus far furnished few land plants,
although diatoms abound at some horizons, and
isolated lenses containing well-preserved plants
will doubtless be discovered eventually. Fossil
plants are not present at all horizons within
the Claiborne group, nor are they as widely or
as uniformly distributed geographically as they
should be to enable the student to make pre-
cise estimates of the'relative duration and
actual chronologic relations of the different
formations of the Claiborne group in the differ-
ent areas of its outcrop. As these formations
are largely of marine origin and commonly
contain abundant faunas, undoubtedly such
determinations will in time become available
as one of the results of the monographlc studies
of these faunas.

Though the paleobotamc evidence is thus
inadequate and areal, stratigraphic, and paleo-
geographic studies are a long way from com-
pletion, the work has progressed far enough to
enable the broader outlines of Claiborne history
to be sketched and thus to afford a setting for
the discussion of what is known of the Clai-
borne flora and its relations to the precedlng
and succeedmg floras in this region.
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EVIDENCE OF A TIME INTERVAL BETWEEN
THE WILCOX AND CLAIBORNE EPOCHS.

The evidence for predicating a time interval
between the deposition of the Wilcox and that
of the Claiborne sediments has been partly given
elsewhere.®® It rests upon a considerable body
of facts, and the conclusions from all the
different classes of-evidence are in perfect agree-
ment. The withdrawal of the Wilcox strand
line toward the south is indicated by the littoral
character of the upper Wilcox materials; by
the presence of palustrine deposits in these
littoral sands and clays, as in the Bolivar Creck
section (p. 11); by the thickening of the Wilcox
in the direction of the dip; by the observed
unconformities between the Wilcox and the
Claiborne which are recorded from Georgia,
Mississippi, and Texas; by the great differences
-between the marine faunas and terrestrial floras
of the Wilcox and those of the Claiborne; and
by the littoral character of the lower Claiborne

" as exemplified by the Tallahatta formation in |

the eastern Gulf area and the Mount Selman in
the western Gulf area.

The following section at Meridian, Miss.,
well illustrates the emergence at the close of
the Wilcox in that area:

Section of the Wilcox deposits at Meridian, Miss.
{Communicated by C. W. Cooke.]

Feet.

1. Yellow, fine incoherent sand that contains
flat, disklike pebbles of clay and thin beds
of clay, some of which show apparent
ripple marks; estimated. _______________

Probable unconformity. ) '

2. Gray to brown and black hackly clay, very
sandy in places; contains much lignitic
matter; fossil plants very abundant near
the top; estimated.____________________

3. Greenish-yellow fine incoherent glauconitic.
sand which contains indurated masses that
are filled with fossils of the Bashi formation.

15-20

30

12
This section, which has been commented
- upon elsewhere,® shows the transition from
abundantly fossiliferous marine sediments
through littoral sands to continental deposits
of latest Wilcox age. The continental char-
acter of the sediments at the top of bed No. 2
is shown by the great abundance of Nelumbo
with roots in place. The Nelumbo is a species

3 Berry, E. W., Thelower Eocene floras of southeastern North Amer-
Lea: U. 8. Geol. Survey Prof. Paper 91, pp. 37-38, 1916; Erosionintervals
in the Eocene of the Mississippi embayment: U. S. Geol. Survey Prof.
Paper 95, pp. 78-80, 1015, |

# Berry, E. W., Geologichistoryindicated by the fossiliferous deposits
of the Wilcox group (Eocene) at Meridian, Miss.: U. S. Geol. Survey
Prof. Paper 108, pp. 61-63, 1918.
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that grows in very shallow, quiet, fresh water,
rooting in the mud of the bottom by means of
creeping rootstocks, and the abundance of
these rootstocks indicates that the deposits are-
not estuary in character or that. the plant
material drifted in from upstream but grew
where it ‘is found. There appears to be an
erosional unconformity at the top of bed No.
2, and I imagine that bed No. 1, which con-
tains rippled clay laminae and clay pebbles,
may represent the base of the Claiborne,
although in the absence of fossils it is impos-
sible to determine whether the unconformity is
local near the top of the Wilcox or represents
the emergence between the Wilcox and the
Claiborne. Whichever it is, it shows a definite
shallowing near the close of the Wilcox at a
locality far south in the embayment and indi-
cates that farther north this interval must
have been considerably longer than it was in the
latitude of Meridian.

- The lower Claiborne has thus far failed to
yield an extensive flora, and the plants that
are known from the Mount Selman are de-
cidedly Claiborne and not Wilcox in facies, so
that the time required for the deposition of

‘these lower Claiborne sediments is a modifying

factor of unknown importance in comparisons
of the Wilcox and Claiborne floras. That the
time required for.the deposition of the lower
Claiborne sediments was of a different order
of magnitude from that which intervened be-
tween the Wilcox and Claiborne epochs may
be deduced from comparisons between the
Wilcox and Claiborne floras and the corre-
sponding comparisons between the middle and
upper Claiborne floras, or between the middle
Claiborne flora and that of the Jackson. There
are about 350 species of known Wilcox plants,
and 90 species of Claiborne plants are described
in this report, which makes a total of about
440 species. Only 9 of this great variety of
forms, which grew in the same general region
under very similar conditions of topography,’
soil, and climate, are common to the two
epochs. These 9 species are

Aneimia eocenica.

Glyptostrobus europaeus.

Juglans schimperi.

Gleditsiophyllum eocenicum.

Sophora wilcoxiana.

Sapindus mississippiensis.

Oreodaphne obtusifolia.

Nyssa wilcoxiana.
Diospyros brachysepala.

This copy is PUBL:’E PHOPE{‘:TT ;‘ll'l is not te

bo remevsd from the official files, PRIVATE P@SSESSION

1S UNLAWFUL (R. S. Sup. Vol. 2, pp. 360, Sac 748.)
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As previously remarked, the Glyptostrobus
and the Diospyros are probably polymorphic
forms which have a wide geographic and
geologic range and hence are without signifi-
cance, and the Juglans 1s known - to. have a
wide range in the Eocene of the West, so that
it is unimportant in this connection. There-
fore, only five or six significant species are
1dentlca1 in the two epochs, and all of these are
very common . forms during Wilcox time.
Thus the two floras have only a trifle over 1
per cent of common species, a number as-
tonishingly small when the similarity of con-
ditions is remembered, and thus a considerable
lapse of time is indicated.

‘On the other hand, comparisons between the

flora of the middle Claiborne, as represented by
the plants of the Lisbon formation of the’

eastern Gulf ‘area, and the flora of the Jack-
son yield very different results.
flora comprises 33 species and the Jackson
flora 133 species.:
or over 15 per cent (nearly 5 per cent of the
total number of species), range into the Jackson,
and between the 90 known Claiborne species
and the 133 Jackson species the percentage of
common forms is nearly 18 per cent, and the
Claiborne forms that survive into Jackson time
amount to 35, or more than one-third of the
. total known Claiborné flora. It will be seen
that these figures are of a very different order
of magnitude from those resulting from a com-
parison of the Wilcox and Claiborne floras.
The evidence furnished by the marine faunas
is nearly as overwhelming as that furnlshed
by the terrestrla,l floras.

EVIDENCE OF A TIME INTERVAL BETWEEN
THE CLAIBORNE AND JACKSON EPOCHS.

The evidence for predicating the southward

withdrawal of the Claiborne sea and the north-

ward advance. of the early Jackson sea is very
clear in the region of Mississippi River, and a
grea,t overlap of the deposits of lower Jackson
age is known to have taken place in eastern
- Georgia. No such evidence is available in the
Alabama region or southeastern Mississippi,
where marine Jackson rests upon marine Clai-

borne without any apparent break. The se-

quence of events in the western, Gulf area is
‘somewhat obscure. The fossiliferous green-

Five of the Lisbon species,

OF SOUTHEASTERN NORTH AMERICA.

sand and marls of the Cook Mountain forma-
tion grade imperceptibly into the gypsiferous
and saliferous clays and sands of the Yegua
formation. Traces of oyster beds and estuary
forms like Corbula reappear at a few localities
in the Yegua but are more and more replaced
by lignites that represent swamp deposits, and.
the bulk of the Yegua materials represent
littoral and continental deposits. The Jackson
materials which overlie the Yegua in south-
western Texas are composed of sands and clays
that constitute the Fayette sandstone, which in
places carries a few shallow-water marine or
estuarine invertebrates like Ostrea georgiana

| and Corbula wailesiana, or littoral forms like

Tellina eburniopsis. The Fayette sandstone is
thin to the vanishing point in western Louisiana
but thickens toward the southwest until in the

| Rio Grande region it is 800 feet -thick. The
The Lishon

Fayette is overlain in southwest Texas by the
Frio clay, which has a maximum thickness of
500 feet and contains a few oysters in its lower
part. These clays become thinner toward the
northeast and disappear a short distance east
of Guadalupe River, where their position is
occupied by the Catahoula sandstone, which is
obviously littoral and continental in origin and
which outcrops from the region of the Guada-
lupe eastward nearly to Florida, though it be-
comes much changed in character and age in the
eastern Gulf area.
From the preceding brief sketch it becomes
obvious that the sequence of events in the
western part of the area is very different from
what it was elsewhere along the periphery of the

_ MlSSlSSlppl Gulf. Nowhere west of the Sabine

is characterlstlcally marine Jackson or even
marine Oligocene developed, but we have
instead a region where. minor fluctuations of
the strand line occasionally permitted slight
influxes of marine waters and the temporary
presence of oysters and a few. other estuary -
forms, whereas throughout most of the time
involved the region was one of swamps, flood
plains, and dunes.

The évidence for a time interval in the area
near the present Mississippi River is furnished
by the replacement of marine Claiborne by the
palustrine Yegua, followed by a great trans-
gression of the marine lower Jackson which
carried marine faunas farther northward than
they had penetrated since the basal Eocene or
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Midway epoch. This evidence is corroborated
by enormous thicknesses of Claiborne that are
disclosed by well borings in western Mississippi
and eastern Louisiana.

The marine faunas of the Claiborne and
Jackson await monographic study. Accord-
ing to C. W. Cooke,* who is working on this
problem, there are about 200 species in the
Jackson formation at Jackson, Miss., of which

~about 49 species survived from Claiborne time.
Though the two faunas are thus well marked
there is little change in their facies, for the
association of genera in each is the same, and

29

species 5 come from the Lisbon formation, 5
from the Gosport sand, and 25 from the Yegua
formation. The large number of Jackson
species that first appear in the Yegua forma-
tion may be partly explained by the greater
abundance of plant fossils in the Yegua, but
I am inclined to think that the great thick-
ness of the Yegua in central and southwestern
Texas, the fluctuating strand line in that area
already mentioned, and the similar floral char-
acters all indicate that some of the beds now
referred to the Yegua formation may be of
Jackson age. '
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F1GURE 1.—Sketch map showing landward margin of deposits in lower and upper Claiborne time-and in low:er‘ Jackson time. A-4, Land.

ward margin of the upper Claiborne deposits. B-B, Landward margin of the lower Jackson deposits.

lower Claiborne deposits.

the differences are in general specific in charac-
ter. The immigration of the active and pre-
daceous Zeuglodon into the embayment area
during Jackson time is a factor of some im-
portance in contrasting the life of the two
epochs.

The floras likewise are very similar in their
general facies, and the distinctions are more
specific than generic. The Claiborne flora, as
described in this report, numbers 90 species.
Thirty-five of the Jackson species make their
appearance in the Claiborne. Of these 35

88 Cooke, C. W., Correlation of the deposits of Jackson and Vicksburg
ages in Mississippi and Alabama: Washington Acad. Sci. Jour., vol. 8,
p. 180, 1918, o . )

C-C, Landward margin of the -

The accompanying sketch map (Fig. 1)
shows the landward margin of the lower and
upper Claiborne, the area at the head of the
embayment that represents a withdrawal of
the sea, and the area in the Carolinas that
represents a transgression,- according to the
present correlation of the beds in the latter
area, which is based upon paleozoologic evi-
dence, for there are no known floras in this
region. In Figure 1 I have also endeavored
to indicate the margin of the upper Claiborne
and the Jackson. This sketch map shows a
marked withdrawal of the Claiborne strand in
the upper embayment and in eastern Texas;



30 MIDDLE AND UPPER EOCENE FLORAS OF SOUTHEASTERN NORTH AMERICA.

. South

Lisbon

Ostrea sellaeformis zone

Tallahatta

Wilcox- Claiborne emergence

FIGURE 2.—Diagram showing movement of strand line and relation of geologic for
mations in the central ares of the Mississipri embayment. :

a marked transgression of the lower
Jackson in the upper embayment and
Georgia regions; and. little change in
the position of the strand, though
there were more or less minor oscilla-
tions, in Alabama, eastern Mississippi,
and southwestern Texas. :
These movements are indicated dia-
grammatically in Figure 2 for the cen-
- tral embayment region and in Figure 3
for the southwestern Texas region.
Figure 3 gives a somewhat tentative
portrayal, but the writer believes that
Figure 2 represents known facts.

CORRELATION.
NOMENCLATURE.

The Midway (%) and Wilcox floras,
which were discussed in Professional

Paper 91, indicate the paleobotanic

history of southeastern North America
- during early Eocene time. In terms of

Lower Jackson transgression

South

Jackson

Cook Mountain

‘Mount Selman

' - Wilcox-Claiborne emergence

European geology these deposits
correspond to those of the Mon-
tian, Thanetian, Sparnacian; and
Ypresianstages. Together these
stages correspond to the Eonum-
mulitic of Haug (1911), to the
Suessonian of D’Orbigny, and to
the Paleocene of Schimper (1874)
(not that of Von Koenen, Dollo,
and others, which is limited to the
Montian stage). The Claiborne
and ‘Jackson, - which . are dis-
cussed in the present paper, in-
clude the rest of the Eocene in
southeastern North America.
The deposits of these epochs, to-
gether with the intervals between
the Wilcox and Claiborne and
between the Claiborne and Jack-
son, correspond to the Lutetian,
Auversian (Ermenonvillian),
Bartonian, and Ludian stages of
the European section. Together
these stages correspond to the
Mesonummulitic of Haug (1911)
and to the Parisian of D’Orbigny.

North

Nérth

FI1GURE 3.—Diagram showing movement-of stranid line and relation of

geologic formations in thé Texas area.
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CORRELATION WITHIN I_THE CLAIBORNE GROUP.

The fossil plants have not been found in
sufficient abundance nor widely enough dis-
tributed in the deposits of the Claiborne group
to furnish data for precise correlation in differ-
ent parts of their area of outcrop. Itis possible
to discriminate readily a Claiborne flora from
one of Wilcox or Jackson age and somewhat
empirically to differentiate middle from upper
Claiborne. The following table shows the dis-
tribution of species in the four best-known
formations of the Claiborne:

Distribution of specics of plants in the formations of the
Claiborne group. ‘

Species. Sg%?ﬁ. Lisbon.| Yegua. | Gosport.
Cladosporites fasciculatus-_.___|-_____ X eccoan
Lygodium kaulfussi- . .. _|._____ X X X
Aneimia eocenica ..o __|-o____[.o.oo. X feoooze
Acrostichum georgianum._|._____ X . X
Acrostichum hesperivm__[______|_._____ D S
Goniopteris claiborniana_{._____ X 1, X jeeooos
Pteris inquirenda._ ..o - _|._____ b G P
Athrotaxis Sp - ccooeoc o |eoooa|aaoan X |eeaaae
Sequoia langsdorfii_ _ . ___|-_____|-o____ X feceans
Glyptostrobus europaeus_|-____. b G PO I
Cupressinoxylon dawsoni_|._____|._____ b G P
Cupressinoxylon arkan-

SANUM) o oo mccemm o afemean [ P D G PO
Arundo pseudogoepperti_|______ X X X
Canna flaccidafolia_ - - _j-_____|._..__ X lemeaes
Thrinax eocenica._..___ ¢s) X b S
Geonomites claibornensis_| X |._____|-._ PR B,
Bactrites pandanifoliolus_|______ b, S PP S
Sabidlites Sp. .- ceoooo ool oo X oo
Palmocarpon sp-ooo ool X faaooal
Myrica claiborniana._ . ___{ ____ | . ____|-c__-- X
Juglans schimperi_ ... ._|._____|___.__ b G IR
Hicoria jacksoniana .- - --|-.____{_____. b G P
Momisia americana__.___|______|._____ b G U
Dryophyllum brevipetio-

latum_ || o b G IR
Ficus unionensis. - - |- - |.oooo_ D G A,
Ficusungeri. oo oo oo oafoeoaaloaoos] X
Ficus newtonensis__.____ X b G IO F,
Ficus SPeccee oo e meee b S

_Aristolochia claiborniana_|._____|_.____ D S
Coccolobis claibornensis-.| X X X X
Coccolobis columbianus_|._____[._____ b G P
Pisonia claiborniana_..__{._____|______ X |eoooas
Inga arkansensis. - _.__.|._____|-.____ X jecoeoo
Mimosites georgianus_._..| X X D S A
Gleditsiophyllum eoceni- : :

CUM e eccmeceme b- G TR SIS H
Cassia cockfieldensis_____|._____|-_.___ X feaeeos
Copaifera yeguana_ . .- _|-_____|.__.___ X looo--
Sophora claiborniana. - _{._____ X jeoo--- |
Sophora wilcoxiana...__ |- _____|._____ X feeeeen
Sophora balli___________ PRI R X ecaoas
Fagara claibornensis_.__. X X fecoccalacaaan
Fagara petraflumensis_ _ _|______j.__.__ X fecoaoo
Citrophyllum eocenicum._| X X1 X X
Cedrela jacksoniana.__ . | _.__.| ... b G P
Celastrophyllum gymin- -

fa o) (e - IO D G SO ORI,
Celastrophyllum columbi-

ANUM . : oo cmemmme ool b G T
Euonymus santotomasen-

Bi8- e ccaccmaan S U b S I
Cupanites parvulis_ . ___|._._._l_____. X eeeae

Distribution of species of plants in the formations of the
Claiborne group—Continued.

Species. She{l(l]lllla’?lz. Lisbon.| Yegua. |Gosport.
Dodonaea viscosoides_.__|._____ X b S
Sapindus georgianus_.__.j X X D S
Sapindus affinis_..______{______ b S IR
Sapindus mississippiensis_|___._.] X |..__.. X
Sapindus yeguanus_ . ___|.__.__. X X feccieon
Sapindus dentoni.____ .. _|._____ b S TR .
Zizyphus claibornensis.__|_____. X X ecene-
‘Rhamnacinium texanum_|. . ____|.__._. D S .
Rhamnus sp--_ .o | |oaio X feeaen-
Reynosia texana_ _ _ .. _|._____l...___ X |eacea-
Grewiopsis claiborniana. _|____ .| ..._. D I TR
Sterculia labruscoides____|-_____ X X fecoea-
Ternstroemites crowley- )

ensiS_ - ao__|ooooojooooo- X feeoeoo
Ternstroemites claiborn-

ensis. oo femcaeeaaa X fecocan
Cinnamomum angustum_|______ D G I E
Persea gratissimifolia_ . _.|__.___ X X |eceaan
Persea lexingtonensis. ___|______| X D G
Oreodaphne obtusifolia__.|. . ____j...___ X |acaee-
Oreodaphne inequilateralis | X |...... D S
Mespilodaphne columbi-

F:3 0¥ T X X X X
Mespilodaphne caudata_-.| X |...__. D G
Nectandra gosportensis_ _|._.___ X X X
Nectandra antillanafolia_|._____|[...___ D S
Nectandra arkansana. ___|_____| _____|-_____ X
Laurinoxylonbakeri_ .| . _____[...___ X |eai-a-
Laurinoxylon branneri. __|._____j_..___ X -
Laurinoxylon lesque-

TeUXIANA . _ oo weee e D G
Terminalia claibornensis_|.__.__ X |ecea-- X
Myreia trowbridgi- ...} X | o looi|-a_---
Conocarpus eocenicus__ - 2| .____|._____ X X
Laguncularia claiborni-

E:3 o SR USUIUR SO PRI RPN KU, X -
Combretum petraflum-

COSIS . & e |aea X fecena-
Oreopanax mississippi-

€NSE _ oo v memmcemem oo |eaon X |eeoeo- PR,
Nyssa wilcoxiana. -« o ... oo _|.o.__. b G
Nyssa texana_ ... ___[_.____[.o.___ X fecene-
Mimusops claibornensis._ .|. ... _|-.____ X |ecem--
Eoachras eocenica_ . ____|______ D G R PSP
Diospyros brachysepala._ _|._.___ X X |eeen--
Apocynophyllum texensis |_____. X X eaaea-
Apocynophyllum greville-

afolium.____.________ b G PO X oo

15 33 66 15

The only known lower Claiborne plants come
from the Mount Selman formation -in the
Coastal Plain in Texas. These are found at
but few localities, are limited in variety, and
are not especially well preserved. The plants

this age are of especial interest as they .occur
within a few feet of the contact of the Mount
Selman beds with the Wilcox. The fossils
found in the Wilcox in that region are entirely
of upper Wilcox age, so that it may be assumed
that the interval between the Wilcox and the
Claiborne here was at least no longer than it

was in the eastern Gulf area.

found near Palafox, in Webb County, in beds of

&
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The Mount Selman flora known at the present

time comprises the following 15 species:
Apocynpphyllum grevilleafolium.
Apocynophyllum texensis?
Citrophyllum eocenicum.
Coccolobis claibornensis.
Fagara claibornensis.
Ficus newtonensis.
Geonomites claibornensis.
Gleditsiophyllum eocenicum.
Mespilodaphne columbiana. -
Mespilodaphne caudata.
Mimosites georgianus.
Myreia trowbridgi.
Oreodaphne inequilateralis.
Sapindus georgianus.
Thrinax eocenica?

Only two of these species—Geonomites
claibornensis and  Myrcia  trowbridgi—are
peculiar to the Mount Selman, and both
represent genera not otherwise known in the
Claiborne, alt;hough various species of Myrcia
are abundant in the antecedent Wilcox and
occur also in the Jackson. The genus Geono-
mites is not known from either the Wilcox or
the Jackson, but it occurs in the Upper
Cretaceous (Ripley formation) of Tennessee
and in the lower Kocene of trans-Pecos
Texas and the Rocky Mountain region. Thus

neither' of these genera have any special
chronologic significance. Most of the remain-
ing Mount Selman forms are common to. the
other Claiborne formations, and a considerable
number of them extend up into the Jackson.
(See table of distribution, pp. 15-17.) The only
Mount Selman form that might be taken to
indicate early Claiborne age is Gleditsiophyllum
eocentcum, a. common middle and upper
Wilcox species, which is not known from
elsewhere in the Claiborne.
It seems obvious that during the  Wilcox-

Claiborne emergence the flora that clothed-

the .shores  of the Mississippi embayment
underwent considerable change, and that
through extinction, evolution, and the intro-

duction of new types, principally from the

~ south, the Claiborne introducés us to a
remarkably distinct assemblage, one which
exhibits striking contrasts to that of the
Wilcox, and that this Claiborne flora changed
slowly and almost imperceptibly into that of
the Jackson.

The lower Claiborne east of the Mississippi
has thus far failed to yield a flora, the oldest

known -Claiborne flora in that region being

OF SOUTHEASTERN NORTH AMERICA.

that from the locahty near Newton, Miss.,
which is well down in the Lisbon. formatlon
The Lisbon and Yegua formations have 17
common species. This large number of
identical species might be expected, for the
Yegua is partly contemporaneous with the
Lisbon. :
The following 6 species are common to the

Lisbon, Gosport, and Yegua:

Lygodium kaulfussi.
Arundo pseudogoepperti.
Coccolobis claibornensis.
Citrophyllum eocenicum.
Mespilodaphne columbiana.
Nectandra gosportensis.

Of these the Lygodium has an extensive
outside distribution and all but the Citro-
phyllum and Nectandra range upward into
the Jackson. The following 10 Lisbon species
have not been found elsewhere in the Clai-
borne:

Pteris inquirenda.

* Glyptostrobus europaeus.
Bactrites pandanifoliolus.
Sophora claiborniana.
Celastrophyllum gymlndmdes
Sapindus affinis. -

Sapindus dentoni.
Cinnamomum angustum.
Oreopanax m1ss1ss1pp1ensm
Eoachras eocenica.

" Six of the ‘foregoing species occur in the .
Jackson and so can not be regarded as char-
acteristic of Lisbon age, thus leaving only
Bactrites pandanifoliolus, Celastrophyllum gym-
indoides, Sapindus affinis, and Eoachras eocen-
ica as distinctive Lisbon species. The Yegua,
on the other hand, possibly because it has a
larger known flora, has furnished species
which are not yet known from the Lisbon
or Gosport. Three of these species, however,
are Wilcox forms, and a large number range
upward into ‘the Jackson. This leaves .the
following 27 species which are d1st1nct1ve of
the Yegua

Acrostichum hespenum
Athrotaxis sp. '
Sequoia langsdorfii.
Cupressinoxylon dawsoni.
Cupressinoxylon arkansana.
Palmocarpon sp.

Canna flaccidafolia.
Sabalites sp.

Ficus sp.

Aristolochia claiborniana.
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Coccolobis columbianus.
Inga arkansensis.

Cassia cockfieldensis.
Sophora balli.

Copaifera yeguana.
Celastrophyllum columbianum.
FKuonymus santotomasensis.
Cupanites parvulis.
Rhamnacinium texanum.
Rhamnus sp.

Reynosia texana.

Girewiopsis claiborniana.
Ternstroemites crowleyensis.
Ternstroemites claibornensis.
Laurinoxylon bakeri.
Laurinoxylon lesquereuxiana.
Mimusops claibornensis.

The known Lisbon flora numbers 33 species,
that of the Yegua 66, and that of the Gosport
15. Of the 353 species found in the under-
lying Wilcox, only the following 9 forms occur
in the Claiborne and the first is confined to
the Mount Selman formation: '

Gleditsiophyllum eocenicum.
Anemia eocenica.
Glyptostrobus europaeus.
Juglans schimperi.

Sophora wilcoxiana.
Sapindus mississippiensis.
-Oreodaphne obtusifolia.
Diospyros brachysepala.
Nyssa wilcoxiana.

The Glyptostrobus and D'Lospyros are prob-

ably polymorphous forms that have a very
wide geographic and geologic range and are
thus without significance.
most remarkable floral contrast between the

Wilcox and the Claiborne, much greater in

magnitude than the marine faunas show.
This great change in the vegetation must have
taken place in the interval between the Wilcox
~ and Claiborne or during the time of deposition
of the Tallahatta formation, and it.indicates
" very considerable lapse of time for the
deposition of the Wilcox and Claiborne com-
hined, as the Claiborne flora is one that had an
environment similar to that of the Wilcox,
and though much less well known the majority
of the genera are the same, only the specles
being different.

T he composition of the floras thus indicates
that the remarkable distinctness of the flora
of the Claiborne when compared with that of
the Wilcox represented a slow evolution of the
Wilcox flora, rather than any sudden altera-
tion, and not a change due to the invasion of

a new flora into southeastern North America

-| which replaced the flora of the lower Eocene.

However, there must have been numerous

elements that invaded this region from the -
south during Claiborne time.

Some of these
forms are probably represented among the
genera that appear for the first time during the
Claiborne, which include Cladosporites, Acros-
tichum, Gomoptems, Sequota, Arundo, Thrinaz,

| Bactrites, Momisia, Copaifera, and Eoachras.

‘None of these except the Sequota and Arundo
are known from older deposits anywhere.
The Cladosporites is negligible, for its dis-
covery is dependent on luck in cutting sections
of petrified wood. The others appear for the

first time, and though all probably came

northward from the American Tropics, Thrinaz,
Bactrites, Momisia, Copaifera, Eoachras, Acros-
tichum, and Gomoptems appear to have origi-
nated in that region.

The following genera that are recorded from

There results a.

the Wilcox have not been dlscovered in the .

Menispermites.

Claiborne: _
Lycopodites. Capparis.
Meniphyllioides. Parrotia. .-
Asplenium. Chrysobalanus.
Zamia. Prunus.
Taxodium. ° Acacia. -
Pistia. Pithecolobium.
Araceaeites. Cercis.
Chamaedorea. Dalbergia.
Nipadites. Dalbergites.
Paraengelhardtia. Canavalia.
Engelhardtia. Leguminosites.
Planera. Simaruba.
"Hiraea. Vantanea.
Banisteria. Dillenites.
Crotonophylium. Calyptranthes.
Euphorbiophyllum, Eugenia. -
Drypetes. Combretanthites.
Metopium. - Trapa. '
Anacardites. Melastomites.
Heterocalyx. Aralia.

Iiex. Cornus.
Maytenus. Icacorea.
.Paliurus. Sideroxylon.
Sterculiocarpus. Chrysophyllum.
Bombacites. Bumelia.
Artocarpus. Fraxinus.
Pseudolmedis. Osmanthus..
Palaeodendron. Echitonium.
Banksia. Cordia.
Proteoides. Citharexylon.
Khnightiophyllum. Avicennia.
Magnolia. Exostema.
Anona. Psychotria.
Asimina. Guettarda.
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_ The following Wilcox genera reappear in the
Jackson, so that their absence in the Claiborne
collections may be regarded as accidental:

Taxodium. Anona,. -
Pistia. - Banisteria.
Nipadites. Paliurus.
Engelhardtia. Bombacites.
Planera. Menispermites.
Banksia. Leguminosites.

The relation of the Claiborne flora to that
of the Jackson is, on the other hand, extremely
close, for the Yegua and lower Jackson in
particular have many species in common.
Of the 90 known Claiborne 'species 35, or
about 39 per cent, occur in the Jackson. Of
the 33 Lisbon species 5 range upward into the
Jackson. Of the 15 known Gosport species 5 are
found in the Jackson, and 17 of the 66 Yegua
.species have asimilarrange. The species which
in the present state of knowledge serve to dis-
tinguish a Claiborne flora from one of Jackson
age are as follows:

Acrostichum hesperium.
Goniopteris claiborniana.
*Canna flaccidafolia.
Geonomites claibornensis.
Bactrites pandanifoliolus.
Myrica claiborniana.
Ficus ungeri.

Ficus newtonensis.
Aristolochia claiborniana.
Inga arkansensis.

Cassia cockfieldensis.
Copaifera yeguana.
Fagara claibornensis.
Citrophyllum eocenicum.

- Carapa xylocarpoides.
Celastrophyllum gymindoides.
Celastrophyllum columbianum.
Cupanites parvulis.
Sapindus affinis.

Zizyphus claibornensis.
Reynosia texana.

. Grewiopsis claiborniana.
Sterculia labruscoides. -
Ternstroemites crowleyensis.
Persea gratissimifolia.
Persea lexingtonensis. -
Oreodaphne inequilateralis. -
Nectandra gosportensis.
Laurinoxylon bakeri.
Laurinoxylon lesquereuxiana.
Terminalia claibornensis.
Myrecia trowbridgi.
Laguncularia claiborniana.
Mimusops claibornensis.
Eoachras eocenica.

OF SOUTHEASTERN NORTH AMERICA.

As none of these forms, except the Oitro?hyl-‘
lum, are very abundant, they may be legiti-
mately considered diagnostic of the Claiborne.

CORRELATION WITH OTHER AREAS.

The Claiborne flora is so distinctly a flora of
the coastal region of the warmer part of North
America that it has little in common with the
Eocene floras that have been described from
other parts of North America. These floras are,
for the miost part, geographically remote from
the embayment region and are likewise some
distance from the then existing coasts and more
or less above sea level. ,

The flora which seems to offer the most
points of contact with that of the Claiborne is
that of the Green River formation of the Green
River Basin in western Wyoming.

Five of the Claiborne species are found in the
Green River formation. These are Acrosti-
chum hesperium, Arundo pseudogoepperti, Jug-
lans schimpert, Ficus ungert, and Sapindus den-
toni. Two of these species, Arundo pseudo-
goepperti and Sapindus dentoni, are also present
in the Jackson flora of southeastern North
America, thus leaving three characteristic
forms that are common to the Claiborne and
the Green River. This is not a large number
when it is recalled that the Claiborne flora num-
bers 90 species and the Green River flora is an
inland flora of what was probably a mountain
basin, as it flourished subsequent to the period
of great orogenic activity that was emphasized
by the profound unconformity between -the
Fort Union and the true Wasatch. Our present
knowledge of the flora of the Green River for-
mation, with which the flora of the Miocene
lake beds at Florissant was confused by Les-
quereux, is due to the labors of Lesquereux and
Newberry, published in 1883 and 1898, respec-
tively, and to Knowlton’s recent revision.®
The Green River flora differs from that of the
Claiborne in its species of Juglans, Quercus,
Alnus, Saliz, Planera, Celtis, Ulmus, Ilex, Acer,
and other genera which give it a distinctly
temperate facies unlike that of the Claiborne,
although it appeared in a region in- which
palms and other warm climatic types were
present. Osborn ¥ from a consideration of the

3 Xnowlton, F. H., Revision of the flora of the Green River formation,
with descriptions of new species: U. 8. Geol. Survey Prof. Paper 131,
pp. 133-182, 1923.

3 Osborn, H. F., The age of mammals, p. 42, 1910. .



MIDDLE EOCENE OR CLAIBORNE FLORA.

not especially conclusive vertebrate remains |

correlates the Green River formation with the
Ypresian of the European section. . The floral
evidence, which is somewhat more conclusive

than that of the vertebrates, indicates that the

Green River is considerably younger than the
Ypresian.
the Claiborne but may be partly synchronous
with the lower Jackson and should probably be
correlated with the European Bartonian.
There is no necessity for discussing the exten-
sive flora of the Fort Union formation of the
Rocky Mountain province, which is so obviously
older than that of the Claiborne. The species
that are common to the Claiborne and Fort
Union are Lygodium kaulfusst, Sequoia langs-
dorfis, Glyptostrobus europaeus, Ficus ungers,
Sapindus affinis, and Diospyros brachysepala.
All these species except the Sapindus are forms
that have a wide geographic and geologic

- range, and moreover the Sequoiq, Glyptostrobus,

and Diospyros are probably polymorphic forms
and hence are without significance in close
correlation.

Tocene plants are abundant at sevcml hori-
zons both east and west of the Cascade Moun-
tains in the State of Washington. These in-
clude those of the Swauk, Roslyn,.and Manas-
tash formations east of the mountains and the
Puget group west of the mountains. Descrip-
tions of these floras have never been published,
and it is possible that the flora reported from
the Swauk formation may be of somewhat
similar age to that of the Claiborne, for it is
said to contain a remarkable array ot palms and
numerous tropical American types.®

Extensive Eocene floras have been described
by Knowlton®® from the John Day Basin in
Oregon. These floras occur at two horizons.
The oldést flora, which is known as the lower
Clarno, is correlated by Knowlton with the
Fort Union and comprises walnuts, willows,
oaks, magnolias, and other forms that are indi-
cative of a cooler climate than that of the
Claiborne. The only species common to the
two floras is Lygodium kaulfussi, which has a
wide geographic and geologic range and is thus
of slight significance..

8 Knowlton,”F. H., U. S. Geol. Survey Geol. Atlas, Mount Stuart
folio (No. 106), 1904.

8 Knowlton, F. H., Fossil flora of tho John Day Basm, Oreg U. 8.
Geol. Survey Bull. 204 1902.

It is not very different in age from.

35

The younger of the two Eocene floras of
Oregon, that of the upper Clarno, has been
compared by Knowlton to that of the Green
River formation. It includes the number of
species indicated in the following genera:

Acer, 2 Grewia, 2.
Ailanthus, 1. Hicoria, 1.
Alnus, 5. Juglans, 4.
Berberis, 1. Liquidambar, 1
Betula, 4. Myrica, 1.
Carpinus, 1. Platanus, 2.
Cassia, 1. Quercus, 7.
Cinnamomum, 1. Rhamnus, 1.
Corylus, 1. Sapindus, 1
Crataegus, 1 Sequoia, 2.
Ficus, 1. Ulmus, 2.

Fraxinus, 2.

These forms are obviously temperate types,
and the only form common to the Claiborne
is the wide-ranging Sequoia langsdorfii, which
is without significance. Therefore, if the upper
Clarno flora is of nearly the same age as the Clai-
borne—a point whicb is by no means settled, as
it may be considerably younger—it lived in a
very different environment and had a totally
different botanic facies.

To the northward along. the Pac1ﬁc coast
there is the so-called Kenal flora of Alaska,
which is evidently a part of that extensive
temperate flora that flourished throughout the
Arctic regions during the late Eocene and pos-
sibly extended into the Oligocene. Although
this Alaskan flora is being studied by Hollick,
present comparisons rest on the older work of
Heer,” Lesquereux,* and Knowlton.2 The
only two Claiborne species that are found in
the Alaska Tertiary are Séquoia langsdorfii and
lyptostrobus europaeus, both of which are
probably polymorphic, and both ranged all
over the Northern Hemisphere and lived
throughout the Tertiary. They are therefore
without significance.

The Tertiary flora of Alaska is extensive,
and when the recent collections of the Geo-
logical Survey have been described many new
species will presumably be brought to light.

40 Heer, Oswald, Flora fossilis arctica, Band 2, 1871.

4! Lesquereux, Leo, Contribution-to the Miocene flora of Alaska U.s.
Nat. Mus. Proc., vol. 5, pp. 443449, pls 1-5, 1883. .
4 Knowlton, 1' H., A review of the fossil flora of Alaska, with descrip-
tions of new species: U‘ S. Nat. Mus. Proc., vol. 17, pp. 207-240, pl. 9,
1895; Report on coal and lignite of Alaska (by W. H. Dall): U, S. Geol.
Survey Seventeenth Ann. Rept., pt. I, p. 876, 1896; Fossil plants from

" Ku Kak Bay: Alasks, vol. 4, pp. 149-162, pls. 22-33, Harriman Alaska

Expedition, 1904.
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The Alaska flora is essentially a temperate
flora that has an abundance of conifers (Picea,
Pinus, Sequoia, Taxodvum, Glyptostrobus, Tax-
1tes, and others) and many species and a great
- individual abundance of Populus, Saliz, Fagus,

Quercus, Betula, Corylus, Alnus, Juglans, Ulmus,

Acer, Vaccinium, and other forms. There are

some warmer types,such as Ficus, Pterospermites :

Diospyros, Zizyphus, and similar forms, but

they lack the climatic significance of the pre-

ceding groups and represent northward exten-

sions into a region that is characterized by a

temperate climate, a long growing season, and

heavy rainfall.

The Arctic flora found at the mouth of the
- Mackenzie, in Greenland, Grinnell Land, Spitaz-
. bergen, Franz Josef Land, throughout Siberia,
and elsewhere, generally associated with great
igneous activity and basic rocks, does not re-
quire any extended analysis here. The flora
of the west coast of Greenland and Disco
Island will indicate sufficiently the general
character of these remarkable polar floras.
The Greenland flora, a knowledge of which we
owe almost’ entirely to the labors of Heer,
consists of 282 species. It includes 19 ferns,
28 conifers— Taxites, Tumion, Ginkgo, Junipe-
rus, Libocedrus, Thuya, Widdringtonia, Taxo-
dium, Glyptostrobus, Sequoia (6 species), and
Pinus (6 species)—21 monocotyledons, includ-
ing two palms, and a vast abundance of dico-
tyledonous leaves of Populus, Saliz, Myrica,
Alnus, Corylus, Fagus, Castanea, Quercus (15
species), Ulmus, Platanus, Juglans (9 species),
Lauraceae (7 species), Andromeda (5 species),
Fraxzinus, Viburnum, Cornus, Nyssa, Vitis,
Magnolia (6 species), Acer (5 species), Ilex,
Celastrus, Rhamnus, Rhus, Crataegus, and
other forms. No attempt is made to revise
Heer’s determinations, although several—for
example, his identifications of palms—have an
extremely slight basis. '

This flora has always excited the utmost in-
terest. It was long considered to be of lower
Miocene (Aquitanian) age—placed by some in
the Oligocene—but Saporta and after him
Starkie Gardner pointed- out its earlier age.
It has been genérally considered to. be of
‘Eocene or Oligocene age in recent years,
although according to Menzel # two horizons
are represented, one Eocene and the other

4 Menzel, P., ﬁeber arktische Fossilflora: Freiberger geol. Gesell.
Jahresber. 3, pp. 4649, 1910. .
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upper Oligocene. This statement appears to .
be based on no critical study of the flora but
on Nathorst’s separation of the Arctic Ter-
tiary florasinto a ““ prebasaltic” and a “ younger
basaltic” stage.

This display of temperate forest types at -
a latitude 20° to 25° north of their present
limits and almost at the pole itself is an
excuse for mentioning it in this report. There
is no adequate basis for direct comparison
between it and the Claiborne flora, but it
seems clearly probable that the period of
warm climate in southeastern North America,
which commenced . with the upper Claiborne
and extended through the Jackson and Vicks-
burg, represents. the time of the great Arctic
extension of the temperate flora. This climatic
amelioration in the embayment region, as
attested by both the marine faunas and ter--
restrial floras, reached its culmination in post-

‘Claiborne time in the Jackson and Vicksburg, -

and therefore the Arctic Tertiary flora is some-
what younger than the Claiborne.

COMPARISON V WITH EUROPEAN FLORAS.

The middle and upper Eocene floras of
Europe are not as extensive as might be
wished, and where extensive plant beds occur
at these horizons they are either undescribed,
like those of the south of England, or very
inadequately described and 1llustrated like
those of Venice in Italy. The middle Eocene
in Europe was a time of positive movement of
the strand line. Europe was separated from
Asia by a broad arm of the sea which extended
in the Ural region northward to the Arctic
Ocean; and a great mediterranean sea ex-
tended northward in Russia to latitude 60° and
southward from Vienna to Khartum; Britain
and Spain were islands; the Caucasus region
was an island over 250 mlles from the nearest
shores; the Carpathian-Balkan region was a
large island, as was the core of the Swiss Alps;
France was part of a peninsula that extended
from the Vosges region south and southwest to
Gibraltar and embraced a part of Corsica and
Sardinia; and a broad strait, 175 miles wide,
separated the southernmost end of the penin-
sula from the African shore. The broad medi-
terranean sea extended across northern Africa
and eastward through Asia. This middle Eo-
cene transgression was not especially favorable .

for the preservation of either terrestrial floras



MIDDLE EQOCENE OR CLAIBORNE FLORA.

or faunas, but the seas abounded in marine life,
and eventually intercontinental correlations
by the faunal criteria will be possible.

Bureau * has described a few plants, includ-
ing Pandanus, Flabellaria, Sabal, Yucca, and
Nuphar, from these beds in the Paris Basin;
and at Trocadero, near Paris, an estuary flora,
largely undescribed but including Euphor-
biophyllum, Nerium, Ottelia, Pandanus, Nipa-
dites, Zizyphus, and other forms, has been
recorded.

In the south of England the plants-of the
Bagshot sands and Bournemouth clays have
never been carefully described, although the
ferns ‘and gymnosperms were rather fully
treated by Ettingshausen and Gardner. The
ferns number 18 species and include a fine
Acrostichum, a tropical Gleickenia, a striking
Goniopteris, & -species of Hewardia close to
existing forms of Central America, the same
species of Lygodium that occurs in the Clai-
borne, and several other genera. of a tropical
character. The conifers include Areucaria,
Glyptostrobus, Pinus, Podocarpus, Athrotaxis,
and Sequota. The palms, which are still unde-
seribed, are said to include Iriartaea, Phoeniz,
Calamus, and Nipa.
which there are many, all undescribed, are said
to include Ficus, Myrica, Cinnamomum; Dios-
corea, and the tropical genus Godoya.

The lower Lutetian flora from the classic
locality of Monte Bolca in Venice, Italy,is the
most extensive flora known from this horizon.
As somewhat overelaborated by Massalongo,
it contains 125 species.
gymnosperms (5 species of Podocarpus and 1
species of Tazodium). There are 33 mono-
cotyledons, mostly of slight value, and few
palms. There are 86 dicotyledons and no
ferns, and the general facies is not only very
different from that of the Claiborne flora but
almost equally unlike the flora of the upper
‘Lutetian of Ttaly. ‘

The upper Lutetian flora of Novale in
Venice is quite different from the lower

“ Bureau, Edouard, Etudes sur la flore fossil du calcaire grossier
parisien: Soc. philomathique (Paris) Mém. Cent., pp. 235-264, pls. 22-23,
1888. :

4 Massalongo, Abramo, Schizzo geognostico sulla valle del Progno o
torrente d’Illasi, con un saggio sopra la flora primordiale del Monte
Bolca, Verona, 1850; Monografia delle Nereidi fossili del Monte Bolca,
Verona, 1855; Vorliufige Nachricht {iber die neucren paliontologischen
Entdeckungen am Monte Bolca, Neues Jahrb., 1857, pp. 775-778.

The dicotyledons, of.

Six of these are |
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Lutetian flora just mentioned. As elaborated
by Visiani and Massalongo ° it contains 138
species. - These forms include 5 thallophytes;
4 ferns, including Acrostichum and Pteris; 4
gymnosperms; 15 monocotyledons, including
Arundo and Potamogeton, and many dicotyle-
dons. There are 23 species of Leguminosae and
species of Myrica, Iicus, Laurus, Cinnameo-
mum, Sapindus, Cupanites, Celastrus, Zizyphus,
Aralia, Eugenia, Myrcia, Dalbergia, Caesal-
pinia, Cassta, Inga, Bumelia, Diospyros, and
other genera.

This flora is distinetly like that of the Clai-
borne in its general composition, and the same
remark is true of the small florules from the
Auversian of Ronca, Vegroni, and other locali-
ties in Venice, which include species of
Acrostichuum, Coccolobis, Laurus, Terminalia,
Apocynophyllum, Cinnamomum, Dombeyopsis,
and other genera. '

It seems conclusive that the Claiborne flora
is younger than the known lower Lutetian
floras, by} it shows considerable resemblance
to floras from the upper Lutetian and Auver-
sian (=Ermenonvillian). I therefore reach
the conclusion, admittedly tentative, that the
known Claiborne flora of southeastern North
America indicates an age corresponding to the
Auversian stage (Dollfus, 1880) of European
geology (=ZLower Bartonian, Munier-Chalmas
and - De Lapparent, 1893; Ermenonvillian,
Dollfus, 1880; Valoisian, Paul Combes fils,
1906; and Ledian, Mourlon, 1883).

THE FLORA.

THALLOPHYTA.
Fungi: '
Pyrenomycetes (?):
Cladosporites fasciculatus Berry.

PTERIDOPHYTA.
Filicales:
Schizaeaceae:
Lygodium kaulfussi Heer.
Aneimia eocenica Berry.
“Polypodiaceae:
Acrostichum georgianum Berry.
Acrostichum hesperium Newberry.
Goniopteris claiborniana Berry.
Pteris inquirenda Berry.

% Visiani, Roberto, and Massalongo, Abramo, Synopsis plantarum
florae tertiariae novalensis: Flora (new ser.), Jahrg. 12, vol. 1, No. 8,
pp. 113-124, Regensburg, 1854; Flora de terreni terziarii di Novale nel
Vicentino: R. Accad. sci. Torino Mem., 2d ser., vol. 17, pp. 199-244,
pls. 1-13, (1856), 1858.
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. " SPERMATOPHYTA.
Gymnospermae:

Pinaceae:
Coniferales:
Athrotax1s sp.
Sequom langsdorfii (Brongniart) Heer.
Glyptostrobuse uropaeus (Brongniart)

Heer.

Cupressinoxylon dawsoni Penhallow.
Cupressinoxylon arkansanum Knowlton.

ANGIOSPERMAE.
Monocotyledonae:
Poales:
Poaceae: )
Arundo pseudogoepperti Berry.
Scitaminales:
Cannaceae:

Canna‘flaccidafolia Berry.
Arecales:

Arecaceae:
Sabalites sp.
Thrinax eocenica Berry.
Geonomites claibornensis Berry.

- Bactrites pandanifoliolus Berry.
Palmoxylon lacunosum (Unger) Felix.
Palmocarpon sp.

Dicotyledonae:
Choripetalae: : D
Juglandales:
Juglandaceae:
Juglans schimperi Lesquereux
Hicoria ]acksonlana Berry.
Myricales:
Myricaceae:
] Mpyrica clalbornlana Berry.
. Fagales:
Fagaceae:
Dryophyllum brevipetiolatum Berry.
Urticales:
Ulmaceae:
Momisia americana Berry.
Moraceae:
Ficus unionensis Berry.
Ficus ungeri Lesquereux.
Ficus newtonensis Berry.
Ficus sp. (fruit).
Aristolochiales:
Aristolochiaceae:
.Aristolochia claiborniana Berry.
.Polygonales:
Polygonaceae:
Coccolobis claxbornen51s Berry.
Coccolobis columbianus Berry.
Chenopodiales:
Nyctaginaceae:
Pisonia clalbornlana Berry.
Rosales:

Mimosaceae: .

Inga arkansensis Berry

Mimosites georgianus Berry.
Caesalpiniaceae:

Gleditsiophyllum eocenicum Berry.
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Dicotyledonae—Continued.
" Choripetalae—Continued.
Rosales—Continued.

Caesalpiniaceae—Continued.

Cassia cockfieldensis Berry.
Copaifera yeguana Berry.

Papilionaceae:

Sophora claiborniana Berry.

Sophora balli Berry.

Sophora wilcoxiana Berry.
Geraniales:

Rutaceae:

Fagara claibornensis Berry.
Fagara petraflumensis Berry.
Citrophyllum eocenicum Berry.

Meliaceae:

Cedrela jacksoniana Berry.
Carapa xylocarpoides Berry.
Sapindales:

Celastraceae:

Celastrophyllum gymindoides Berry.
Celastrophyllum columbianum Berry.
Euonymus santotomasensis Berry.
Sapindaceaes: :
Cupanites parvulis Berry.
Dodonaea viscosoides Berry.
Sapindus georgianus Berry.
Sapindus affinis Newberry.
Sapindus mississippiensis Berry.
Sapindus yeguanus Berry.
‘Sapindus dentoni Lesquereux.
Rhamnales:

Rhamnaceae: ,
Zizyphus claibornensis Berry.
Rhamnacinium texanum Penhallow.
Reynosia texana Penhallow.
Rhamnus sp.

Malvales: -

Tiliaceae:
_Grewiopsis claiborniana Berry.

Stercuhaceae
Sterculia labruscoxdes Berry.

Pagietales:

Ternstroemiaceae:
Ternstroemites crowleyensis Berry.
Ternstroemites claibornensis Berry.

Thymeleales:

Lauraceae:
Cinnamomum angustum Berry.
Persea gratissimifolia Berry.
Persea lexingtonensis Berry.
Oreodaphne obtusifolia Berry.
Oreodaphne inequilateralis Berry.
Mespilodaphne columbiana Berry.
Mespilodaphne caudata Berry.
Nectandra gosportensis Berry.
Nectandra antillanafolia Berry.
‘Nectandra arkansana Berry.
Laurinoxylon bakeri Berry.
Laurinoxylon branneri Knowlton.
La,unnoxylon lesquereuxiana Knowl-

ton.
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Dicotyledonae—Continued.
Choripetalae—Continued.
Myrtales:
Myrtaceae:
Myrcia trowbridgi Berry.
Combretaceae:
Terminalia claibornensis Berry.
Conocarpus eocenicus Berry.
Combretum petraflumense Berry.
Laguncularia claiborniana Berry.
Umbellales:
Araliaceae:
Oreopanax mississippiensis Berry.
Cornaceae: :
Nyssa texana Berry.
Nyssa wilcoxiana Berry.
Gamopetalae:
Ebenales:
Sapotaceae: -
Mimusops claibornensis Berry.
Eoachras eocenica Berry.
Ebenaceae:
Diospyros brachysepala Alexander
Braun.
Gentianales:
Apocynaceae:
Apocynophyllum texensis Berry.
Apocynophyllum grevilleafolium
Berry.

Phylum THALLOPHYTA.
~ Class FUNGL
Order PYRENOMYCETES (?).
Genus CLADOSPORITES Felix.
Cladosporites fasciculatus Berry.
Plate II, Figures 1, 2.
C‘la(ldspom’tes fasciculatus Berry, Mycologia, vol. 8, p.
77, pl. 182, figs. 1, 2, 1916.

Mycehum intracellular, in the vessels of the
secondary wood, attached to the vessel walls
by haustoria, and forming small fasciculate,
apparently unbranched tufts, which project
freely into the vessel cavity. The hyphae are
thin, and most of them taper somewhat
distad, although some of them taper proximad.

Septa were not observed. In only one slide:

was a distal branch observed (Pl. II, fig. 2).
Although there are some hundreds of tufts of
this funous in the slides examined, only two of
them show conidia (PL. I, fig. 1). The conidia

are terminal, fusiform in outline, and differ |

somewhat in length. They appear to be
simple, and" I am unable to assert positively
that they are cut off from the hyphae by septa,

although I imagined that I saw such septation. |

The hyphae average about 0.0013 millimeter in
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diameter and the conidia range from 0.002 by’
0.004 millimeter to 0.002 by 0.012 millimeter.

It is found in exceeding abundance in silici-
fied specimens of lauraceous wood from the
middle Eocene (Yegua formation of the Clai-
borne group) of Texas and the upper FEocene
(Jackson) of Mississippi and Texas and is un-
like any previously recorded fossil forms. I
do not know its botanic affinity, and rather
than multiply generic terms of unknown botanic
value I have preferred to refer it to Felix’s
genus Cladosporites, in view of the resemblance
of the species to the existing Cladosporium

| herbarum (Persoon) Link.

Associated with this species are rambling
mycelial hyphae, which clamber over the ves-
sel ‘walls. These hyphae bear numerous an-
theridia and oogonia or sclerotia, and their
characteristic appearance is shown in Plate 11,
Figure 1. I do not consider it worth while to
attempt to name or describe them.

Occurrence: Yegua formation, on the second
creek crossing the northeast-southwest road
that is parallel with Cane Creek on the north
and about half a mile distant from it (No. 219);
also at Westmoreland Bluff (No. 232); both lo-
calities near Trinity River, Houston County,

Tex.
Phylum PTERIDOPHYTA.

Order FILICALES.
Family SCHIZAEACEAE.
Genus LYGODIUM Swartz.
Lygodium kaulfussi Heer.

Plate III, Figures 1, 5.

Lygodium kaulfussi Heer, Beitrige zur nahern Kennt-
nisse der sichsisch-thiiringischen Braunkohle,
p: 3, pl. 8, fig. 21; pl. 9, fig. 1, 1861.
Gardner and Ettingshausen, British Eocene flora,
vol. 1,p. 47, pl. 7, figs. 1, 3-8; pl. 10, fig. 11, 1880;
idem, p. 67, pl. 13, figs. 8, 9, 1882.
Friedrich, Beitriige zur Kenntniss der Tertidrflora
der Provinz Sachsen, pp. 13, 80, pl. 7, fig. 11,
1883.
Lesquereux, U. S. Nat. Mus. Proc., vol. 11, p. 24,
1888. .
Newberry, U. 8. Geol. Survey Mon. 35, p. 1, pl. 62,
figs. 1-4, 1898.
Knowlton, U. S. Geol. Survey Mon. 32, p. 672, pi.
80, figs. 1~3, 1899; U.S. Geol: Survey Bull. 204,
p. 21, 1902.
Lygodium neuropteroides Lesquereux, U. S. Geol. and
Geog. Survey Terr. Ann. Rept. for 1870, p. 384,
1871; The Tertiary flora, p. 61, pl 5, figs. 4~7;

pl. 6, fig. 1, 1878.
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? Aneimia kaulfussi Crié, Recherches sur la végétation
de Youest de la France & 1’époque tertiaire, p.
22, pl. A, figs. 2, 3, 1877.

? Asplenites allosurozdes Unger, Die fossile Flora. von
Sotzka, p. 25, pl. 1, figs. 1-3, 1850.

? Asplenites pme-allasuroides Gardner' and Ettingshau-
sen, British Eocene flora, vol 1, p. 34, pl. 3,
figs. 1, 2, 1879; idem, p. 68, 1882.

Heer thus described this species in 1861:

L. foliis lobatis (?); lobis lanceolatis,
nervo medio ceteris paulo fortiore, nervis secundariis,
angulo peracuto egredientibus, dichotomis.

The foregoing incomplete diagnosis was

framed for the imperfect type material from:
The species’

the south German ‘‘brown coal.”
has subsequently been reported from a large’
number of localities .and horizons both in this
country and abroad. It may be redescribed as’
follows: :

Twining or chmbmg ferns that bear sterile.
pintiules proximad and fertile pinnules with
much reduced- laminae in terminal panicles.:
Indusia attached by their broad bases to short’
oblique veinlets of the greatly reduced laminae,
‘of the fertile pinnules imbricated and .scale-
like exactly as in our existing Lygodium palma--
tum Swartz, the only observable ‘difference:
being the greater reduction of the laminae in
Lygodwm kaulfussi. Sterile pinnules variable
in size and outline; digitately bipartite, tripar-
tite, quadnpartlte, or quinquepartite; more or
less cordate at the base. Lobes are unequal
in length and diverge at different angles, are-
usually obtusely rounded distad, although some
of them taper instead of bemg linear-oblong,-
“and are somewhat widened at the base and
separated by deep, angular or narrowly rounded’
sinuses. The margins are more or less undu-
late and in some specimens show very broad
and very shallow crenations. - Texture coria-
‘ceous. Venation clearly defined and strong.
" Two main primaries diverge from the base and

give off subbasally a primary for each lobe, and.

all become lost in the apex of the lobes by
repeated branching. The secondaries are close,
diverge at narrow angles, and curve outward.
They may be several times narrowly forked, a
feature that depends on their position and
length, and are thin but sharply defined
throughout their whole course, terminating in
- the margins.

. The present species has been recorded from
a number of European localities and ranges
in age from the Lutetian to the Aquitanian.

OF SOUTHEASTERN NORTH AMERICA.

It was discovered at Barrel Springs, Wyo.,
in shales that were long thought to be of Green
River age but that are not now considered
to be a part of that formation. The exact
age is unknown but is prob'ably middle or
upper Eocene.. The species, which is present

|in. great abundance, was originally described
| by Lesquereux as Lygodium neuropteroides.
crenulatis, |

Gardner in his discussion of the ferns of the

| British Eocene says that Lesquereux had
material from Bournemouth and stated in a

letter that the American form was ‘‘positively
identical” with the European, and Newberry
came to the same conclusion.#’ Fructifica-
tions are associated with these sterile pinnules
at several localities. The American material
is identical with the Furopean in the character

| of the fertile pinnules and in the venation of

the sterile pinnules. The sterile pinnules are
in general broader and more obtuse in the -
American material. The species is exceedingly
abundant in the Eocene of Wyoming. It has
also been recorded from the Eocene of the
Pacific coast and from the Fort Union of
Wyoming, and I fail to find specific differences
between these specimens and those from the
Claiborne. The species has not been found
in- abundance in the Claiborne, probably.
because the small collections which have been
made come for the most part from unfavorable
deposits. It occurs in considerable numbers
but in a fragmentary condition in the Gosport
sand at Claiborne Landing on Alabama River
and in a railroad cut 3} miles east of Newton,

Miss., where it is associated with a species of
Modiola. The bed at the locality in Mississippi
is above the Tallahatta formation and below
the Ostrea " sellaeformis zone and thus lies in
the lower part of the so-called calcareous-
Claiborne, or in‘what corresponds to the Lisbon
formation of western Alabama. Two other
species of Lygodium are known from the
embayment area-—Lygodium binervatum (Les-
quereux) Berry, a Wilcox species, which is
distinguishable by its robust form, its two
relatively short and broad lobes, and its
stouter and more open venation and more
elongate fertile pinnules; and Lygodium mis-
sissippiensis Berry, from the upper Vicksburg
of Mississippi; which is distinguishable by. its
very small size and Dbilobate form. The

4 Newberry, J. S., Thé later extinct floras of North America: U.S.
Geol. Survey Mon. 35, p. 3, 1808. -
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identification of Lygodium kaulfussi in the
upper Claiborne is of especial interest from its
abundance in the Eocene of the Rocky Moun-
tain province and also from its prominence in
European middle and upper Eocene floras.

The genus Lygodium has between 20 and
30 existing species in the warmer parts of both
hemispheres and extends outside the sub-
tropical zone into the warmer temperate re-
gions in southern Japan (Lygodium japonicum
Swartz), in northern New Zealand (Lygodium
articulatum Richard), and in eastern North
America, where Lygodium palmatum Swartz
ranges as far northward as the southern New
England States. All the modern forms are
lianas, either climbing or twining, and some
of the tropical species are said to exceed a
hundred feet in length. The Tertiary forms
probably shared this habit. The present
species occurs sparingly in the Forest Hill
(‘“Madison”’) sand of Mississippi.

Occurrence: Gosport sand, Claiborne Land-
ing, Monroe County, Ala. (collected by E. W.
Berry). Lisbon formation, on Alabama &
Vicksburg Railway 3% mlles east of Newton,
Newton County, Miss. (collected by T. H.

- Aldrich). Yegua formation, I mile below head
of Cedar Creek, Nevils Prairie, Houston
County, Tex. (collectéd by C. L. Baker).

Collection: U. S. National Museum.

Genus ANEIMIA Swartz.
Aneimia eocenica Berry.

Aneimia eocenica Berry, U. S. Geol. Survey Prof,
Paper 91, p. 164, pl. 9, fig. 7; pl. 10, fig. 2; pl.
11, figs. 1, 2, 1916.

Character of frond unknown, but it is stipate,
dichotomous, and bipinnate or tripinnate in
the closely allied species Aneimia subcretacea
(Saporta) Gardner and Ettingshausen,* which
s a widely distributed and well-known species
that ranges in Europe from the base of the
Tocene as high as the Lutetian and is .more
abundant at the later rather than- the éarlier
horizons. Pinnae ovate-lanceolate, pinnately
divided almost to the rachis into lanceolate
lobes. The lobes are attached very obliquely
by their entire base, though possibly those
lower down on the frond may have had a nar-
rower base and been free pinnules, and are
more or less confluent, becoming more and

48 Garduoer, J. 8., and Ettingshausen, C. von, British Eocene flora, vol.
1, pt. 2, p. 45, pls. 8, 9, 1880, i
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more confluent distad. The -angle of diver-
gence is about 20° or less and becomes more
acute distad. Lobes linear-lanceolate, sharply
pointed, with distant serrate teeth, commonly
in pairs, decurrent, and separated by narrow
acute sinuses. Texture coriaceous. Rachis
slender, flexuous, prominent on the lower sur-
face of the pinnae. The midrib of the lobes
(pinnules) diverges from the rachis at a very
acute” angle (between 5° and 10°) near the
lower decurrent margin and curves outward
and retains 1ts identity nearly to the tip of the
lobe, although it becomes reduced by repeated
branching. Commencing at the base on the
outer side alternate branches are given off on
each side of the midrib at a narrow angle, and
these are almost straight and all branch dicho-
tomously, and the distal branch usually forks
before reaching the margin, whereas the proxi-
mal oné commonly remains simple. There are
five or six of these branches on each side. The
veins are thin but distinct, and all terminate
in the margin, one entering each marginal
tooth. There are 6 or 8 marginal teeth on
each margin, commonly in pairs, somewhat
irregularly spaced, and in general becoming
closer distad. These teeth are distinctly ser-
rated, and the points are produced and directed
upward. The-apex of the lobe is gradually
narrowed and acuminate.

The present species is closely allied to
Amnevmia subcretacea, which has been previously
mentioned and which was described originally

“from the Paleocene of France by Saporta # as

Asplenium  subcretaceum. Shortly afterward
Lesquereux described a form which subse-
quently was correlated with this same species
as Gymnogramma haydeni.®® This species came
from the divide between Snake River and Yel-
lowstone Lake. The beds at this locality,
which has never been rediscovered, were for-
merly assumed to be Laramie, although they.
may be basal Eocene. In 1880 Gardner and
Ettingshausen, who had abundantremains from
the middle Bagshotbeds of the south of England,

were able to associate these occurrences and to
prepare a full account of the species. The
present species, though close to this widespread

4 Saporta, G.de, Prodrome d’une florefossiledestravertinsanciensde
Sézanne: Soc. géol. France Mém., 2d ser., vol. 8, p. 315, pl. 23, fig. 4, 1868.

% Lesquereux, Leo, Enumeration and description of the fossil plants
from the specimens obtained in the explorations of Dr. F. V. Hayden,
1870 and 1871: U. S. Geol. Survey Terr. Ann. Rept. for 1871, p- 295, 1872;
The Tertiary flora, p. 59, pl. 6, figs, 1-3, 1878 (not The Cretaceous and
Tertiary floras, p.122,pl. 19, fig.2, 1883, whichisa Pteris). .
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lower and middle Eocene form, differs suffi-
ciently to warrant its description as a closely
allied but distinct form. The lobes in Anetmia
eocenica are narrower, more ascending, and
acuminate and not abruptly and more or less
obtusely pointed, as in Lesquereux’s material,
and its venation is much more open. Though
the lobes of some of the English material are as
slender, all of the foreign material as well as the
western material has crenate or dentate teeth,
- which pass gradually into rounded distal lobes.
In Anevmia eocenica, on the other hand, the
lobes preserve their character distad, and all
have distinctly serrate teeth that are more or
less produced upward. ‘

Gardner in his work on the English material
submitted either specimens or plates to Sa-
porta, Heer, Stur, and Lesquereux, and the first
-and last authors both agreed that their material
from France and America, respectively, was
identical with the English material. These
students did not agree, however, on Gardner’s
reference to Aneimia, for Saporta inclined to-

.ward a new genus allied to ZTodea and Stur sug-
gested Osmunda. Heer also opposed Aneimaa,
and Lesquereux thought that his material was
more closely allied to Gymnogramme tartarea

Desvaux, of tropical America. '

‘Though the majority of existing species of
Aneimia are rather different in appearance, the
subgenus Aneimiorrhiza J. Smith, especially
the exclusively American section Cuneatae
Prantl, including Aneimia cicutaria Kuntze
and Anetmia adiantifolia Swartz of the Ameri-
can Tropics, is very much like these two fossil
species, Gardner having first pointed out the
resemblance between Aneimia subcretacea and
Aneimia adiantifolia. The latter is found as
far northward as southern peninsular Florida
and is referred by Underwood to the genus
Ornithopteris Bernhardi.

The present species is sparingly represented
in the late middle Wilcox of the upper part of
the Mississippi embayment, and fragmentary

_specimens are abundant in the buff, finely sandy
clays ‘of the Claiborne of Texas. A closely
allied species occurs in the Raton formation of
the southern Rocky Mountain Province. -

Occurrence: Yegua formation, 1 mile below
mouth of Rabb Creek, Colorado River, Fayette
County, Tex. (collected by Alexander  Deus-
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séﬁ); 'l mile southwest of Antioch, Houston
County, Tex. (collected by C. L. Baker).
Collection: U. S. National Museum.

Family POLYPODIACEAE.
Genus ACROSTICHUM Linné,
Acrostichum georgianum Berry.

Acrostichum georgianum Berry, U. S. Geol. Survey Prof.
Paper 84, p. 133, pl. 27, fig. 1, 1814.

Frond large, pinnate (?). Pinnae thin but -
coriaceous, oblong - lanceolate, inequilateral,
with an entire undulating margin, an obtusely
rounded apex, and a narrowed (%) base, about
2.5 centimeters wide and of unknown length,
presumably about 10 to 12 centimeters. The
pinnae range considerably more and less than
these dimensions, but all the collected material
is fragmentary, and in some of the fragments
the thin stiff edges 'are folded over, which
indicates possibly a greater width. Midvein
stout. Lateral veins numerous, 1 millimeter
or less apart, very fine, intricately anastomos-
ing, branching from theé midvein at acute
angles, the angle dependent upon their situa-
tion in the basal or apical part of the pinna.
The basal veins subtend angles of about
60°, but those in the apex approach a posi-
tion almost parallel with the midvein; theinter- .
mediate ones branch at a very acute angle

and immediately diverge outward, their general .

direction being about 50 degrees from that of
the midvewm. Areolation consists of slightly

elongated 5-sided or 6-sided meshes.

This handsome species is unfortunately
based upon fragments, which are, however,
very abundant in beds of lower Jackson age in
Georgia. and are also present in the Gosport
sand at the historic locality of Claiborne
Landing, Ala. '

The species is closely related to Acrostichum
hespertum Newberry,® of the Green River
formation of Wyoming and the Yegua forma-
tion ‘of Louisiana, but differs from it in being
much smaller and somewhat more slender in
habit and in having straighter midveins and
less elongate, finer areolation. There is no
evidence of the separateness or coalescence
of the terminal pinnae, a feature which serves

51 Newberry, J. S., The later extinct floras of North America'.: U.Ss.
Geol. Survey Mon. 35, p. 6, pl. 61, figs. 2-5, 1898.
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to distinguish Newberry’s species from all|

other described forms. .

Almost as similar to Acrostichum georgianum
is the European Acrostichum (Chrysodium)
lanzeanum (Gardner and Ettingshausen), %
which is described at length by Gardner and
is common in the Lutetian and Bartonian of
southern England. Remains that appear to
be identical are reported from. the Ligurian

of Dalmatia and southern France and from the.

Tongrian of France and Italy. Another

species is reported by Saporta from the Aqui-

tanian of southern France, and Squinabol
reports two additional species from the Ton-
grian of Liguria, Italy:

A second American species of lower Tlocene
age was described in 1902 by Hollick ® from
(,0101 ado. In this connection mention should
also be made of a form described by Lesque-
reux * as Gymnogramme gardneri from Sand
Creek, Colo., which both Gardner and Saporta
are inclined to consider an Acrostichum and
which is of basal Focene age.

The modern species of Acrostichum are
swamp forms. They are few in number and
include, in addition to several unimportant
species of the Lesser Antilles and West Indies,
the widespread tropical fern Acrostichum
(Chrysodium) aurewm Linné, a common coastal

species of the mangrove and nipa swamps and
similar situations, more particularly on the less

saline and less wet soils. It ranges in America
from peninsular Florida to Brazil, in Africa
from Guinea to Natal and the Mascalene and
Seycholles islands, and in the Orient from
southern China and Polynesm to northern
Australia.

It is very remarkable that this cosmopolitan
modern genus should appear at about the same
time in America and Europe and should display
a number of closely allied forms at widespread
localities in both the Eocene and Oligocene and
should not be detected. at any of the numerous
outcrops of later Miocene' or Pliocene plant-
bearing deposits. Undoubtedly this south-
ward retreat from 51° north latitude was due to
changing physical conditions, chief of which

-was the lessening humidity, combined with the
lowering of t;empcmture

o Gardner, J. 8., and Littingshausen, C von, Butlsh l"oceno, flora,
vol. 1, p. 26, pl. 1; p] 2, figs. 1-4, 1879. .

% Hollick, Arthur, Fossil ferns from the Laramio group of Colorado
Torreya, vol. 2, p. 146, pl. 4, figs. 3-6, 1902.

84 Losquereux, Leo, The Tertiary flora, p. oS, pl. 4, fig. 2, 1878.

. 68844—24——4
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Occurrence: Gosport sand, Claiborne Land-
ing, Monroe County, Ala. (collected by 1. W.
Berry). Lisbon formation, on Alabama &
Vicksburg Railway 3} miles east of Newton,
Newton County, Miss. (collected by T. H.
Aldrich). _

Collection: U. S. National Museum.

Acrostichum hesperiuni Newberry.
Plate ITI, Figures 3, 4.

Acrostichum  hesperium Newberry, U. S. Nat. Mus.
Proc., vol. 5, p. 503, 1883; U. S. Geol. Survey Mon.:
35, p. 6, pl. 61, figs. 2-5, 1898.

Newberry originally described this species in
1883 as follows: . 4

Frond large, pinnate; pinnae-linear, 14 to 2 inches
wide, 6 to 12 inches long, rounded at remote extremity,
those in lower part of frond rounded.or wedge-shaped at
base, those above united by the entire base to the rachis.
and with each other; rachis of frond and midrib of
pinnae strong, smooth, somewhat sinuous; nervation
reticulated, lateral nerves numerous, diverging from the
midrib at an acute angle, anastomosing to form elon-
gated six-angled areoles; fructification unknown.

This fine species was characterized in the fore-
going brief manner by Newberry and was com-
pared by him with Acrostichum aurewm Linné
of the existing flora and with Acrostichum lan-
zeanum Gardner and Ettingshausen of the Euro-
pean Lutetian and Bartonian. Newberry’s
material came from the Green River formation
of Wyoming, and although his illustrations are
considerably reduced there is no statement to
that effect either on the plates or in the text.

. Material that is apparently identical -with this
Green River species is very abundant in the
Yegua formation but in a fragmentary condi-
tion, so that the method of attachment of the
pinnae, a probably variable and anomalous fea-
ture.in the Green River specimens, can not be
made out. In their large size and elongated
areolae the Yegua forms agree with the western
material and differ from Acrostichum georgia-
num Berry, which is so common in the beds
of Jackson age in Georgia. Still another
American species of Acrostichum is abundant
in the Oligocene subtropical flora of southern
Mississippi.

Occurrence: Yegua formation, Columbia,
Caldwell Parish, La. (collected by E D. W. Berry).

Collection: U. S. National Museum. (Some
of Newberry’s types are in the collections of the
New York Botanical Garden and have been

available for comparison.)



44 MIDDLE AND UPPER EOCENE FLORAS
. Genus GONIOPTERIS Presl, emended.

Goniopteris claiborniana Berry.

‘Plates IV, V.,

Goniopteris clatborniana Berry, Torrey.Bot. Club Bull,,

vol. 44, p. 331, pl. 22, 1917.

Fronds of large size, probably bipinnate,

that have a stout, prominently winged rachis.
Pinnae alternate to subopposite but in many
specimens prevailingly subopposite, as in the
larger figured specimen.’ Pinnae shortly. sti-
pitate, of large size, linear-lanceolate in out-
line, averaging between 10 and 15 centimeters
in length by 1.5 to 3.5 centimeters in maxi-
mum width and tapering to an extended,

- attenuated, acuminate tip. The basal prox-

imal pinnule in many specimens is free and
entire; normally, however, the pinnae are not
‘entirely segregated into individual pinnules,
but these are more or less united, though the
_variation in this -respect is wide. Normally
the pinnae are pinnatifid, and the margins
are separated into dentate inequilateral seg-
ments with upward-directed points by narrow
inequilateral sharp sinuses, which extend inward
one-fourth to one-third of the distance to the

~ stipe. Some of these segments are relatively
more extended, their form being aquiline-
serrate. In some specimens the pinnae are

but slightly pinnatifid and have short conical
dentately divided margins, the sinuses extend-
ing only about one-seventh of the distance to
the stlpe An enlarged segment of this type is
shown in Plate V, Figure 3, in other speci-
mens the pinnae are deeply pinnatifid, ‘the
sinuses extending about halfway to the stipe.
An enlarged segment of this type is shown in
Plate V, Figure 1. These three types of mar-
ginal lobulation are correlated with three
types of venation, although naturally the three
are connected by every intermediate gradation.
These types will be discussed after what I
have called the normal type has been described.
The normal type agrees in-its more impor-
_tant particulars with the type familiar in Ter-
~ tiary ferns that is referred by paleobotanists
to the more or less interrelated and synony-
mous genera Lastrea, Pheqopteris, and Goni-
opteris. It is a type found in modern mostly
. tropical ferns that are variously seoregated or
-aggregated by students of existing ferns in the
genera Lastrea, Nephrodium, Phegopteris, Poly-
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botrya, and Dryopteris. Christensen,” per-
haps the foremost living student of Dryopteris,
enumerates more than a thousand existing
species, which he segregates into ten groups,
termed subgenera, although most of them are
admittedly of generic rank. These groups are
Endryopteris, Stigmatopteris, Ctemitis, Lastrea
Bory emended, Glaphyropteris Presl, Steir-
opteris, Cyclosorus Link emended, Leptogramma
J. Smith, Goniopteris Presl emended, and
Meniscium (Schreber). The Claiborne species
belongs. to this author’s ninth subgenus, the
emended Goniopteris of Presl, which I recog-
nize as a valid genus, for the data which
paleobotany furnishes to recent botany are
obscured by the use of generic names that
denote composite aggregations of living species.
Goniopteris as delimited by Christensen *® has
about sixty mainly troplca,l American species, -
although it is represented in the Old World by
at least two species in Africa, Asia, and Aus-
tralia. It is an eminently natural group that
has ev1dently inhabited southeastern North
America since the middle Eocene.

The present type belongs with those fossil
ferns that are characterized by a single well-
marked lateral, which runs to the tip of each

' marginal lobule, and these laterals are more

commonly opposite or subopposite than alter-,
nate. Kach lateral diverges from the midrib -
of the pinnae at an angle of about 60° and
gives off alternately proximad and distad
usually simple branches, averaging about
eight to ten on a side. The basal distal
tertiary of one lateral unites with the basal
proximal tertiary of the adjacent superior
lateral somewhat ‘above the middle point
between the two laterals. This united vein,

which is termed a ray by Ettingshausen, pro-
ceeds in a fléxuous course to the marginal
sinus and unites alternately with the distal
and proximal tertiaries from the adjacent
laterals. In the marginal lobe there are several
simple and free tertiaries, three or four of
which as a rule run to the distal margin and four
to six run to the longer, because more arched,

proximal margin. This type is shown by the
majority of the fizured specimens, and an en-
larged detail'is given in Plate IV, Figure 5.

5 Christensen, Carl, On a natural classification of the species of Dry-
opteris: Saertryk afl Biologiske Arbeijdner Tilegnede Eug. Warming,
pp. 73-85, Nov. 3, 1911.
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'The pinnae with the reduced marginal lobula-
tion have an essentially similar venation to
that just described. The laterals are more
nearly at right angles with the midrib of the
pinnae. The tertiaries number ten or eleven
alternating, rather straight pairs, and those
from adjacent laterals unite midway between
to form a ray that is rather straighter than the
one described above. Iach ray terminates at
o sinus.  There are usually three pairs of free
“simple veinlets in each lobe, although two or
four pairs may be present in some specimens.

In the pinnae that are deeply pinnatifid the
venation, though of the same general plan as in
the types that have just been described, differs
in certain rather remarkable particulars which
help to distinguish the present form from all
other previously described fossil species. Only
one, two, or three tertiaries from each adjacent
lateral are concerned in the formation of the
ray that runs to the sinus, and one or the other
of these tertiaries may fork, the branch uniting
with a branch from the next tertiary, the
resultant subsidiary ray uniting with the
principal ray near the sinus, and the two in-
closing a laterally elongated rhomboidal areola.

The free veinlets consist of only from one to |

three terminal pairs; all the other tertiaries are
forked at least once at a greater or less distance
above their base, and each limb of the fork is
united with a corresponding branch of the
next adjacent tertiary, the resulting ray run-
ning directly to the margin.: This is the
(onsopteris-Aspidis type of venation of Ettings-
hausen.®®  The wvenation of this type is still
further complicated in many specimens by the
presence of a very fine subsidiary branch from
one or the other forks of a tertiary, and this
thin fine branch runs directly to the margin.
This type is well shown in an enlarged detail in
Plate V, Figure 1, and it is also shown-in some
parts of Ll}g, specimen that 1s illustrated in
Plate V, Figure 2. The principal intermediate
type is one in which only a few of the forks
unite with the adjacent forks to form aray, the
majority of the tertiaries being simply once
forked and both branches of the fork terminat-
ing in the margin.

This handsome and characteristic species
is common in the Yegua clays at Columbia,
La., ard occurs also in the Lisbon formation

s ittingshousen, C. von, Die Farnkriiuter der Jetztwelt, p. xiii, pl.
123, figs. 4, 6, 7, 1865.
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near Newton, Miss., but none of the collected
material is in fruit. The form and venation
are so well marked and distinctive, however,
that the species is at once correlated with the
rather abundant Tertiary type that under the
name of Goniopteris, Lastrea, or Phegopteris is
so characteristic of the fern floras of this age.
It is at once distinguished from all of these by
its peculiar venation; otherwise it shows -the
same habit, winged rachis, and outline as,
for example, Lastrea stiriaca Heer,*” of the
European Oligocene, described originally by
Unger % as a Polypodites, referred - to Gonvop-
teris by Alexander Braun *® and to Phegopteris
by Ettingshausen.®® There are at least fifteen
known Tertiary species of this general type,
most of which are European, although several
have been rec¢orded from American localities.
Most of the foreign material is somewhat
younger than the present species, although
two difierent forms are described from the
Middle Bagshot beds of southern England,
which lie at a homotaxial (Lutetian) horizon.
Several early Eocene species have been recorded
from the Rocky Mountain region. In addition
to the differences in venation previously men-
tioned, Lastrea intermedia Lesquereux ®' from
the Denver formation has the pinnae decurrent
on the main stipe; Lastrea polypodiodes ®* has
denticulate margins. and simple tertiaries.
The form from the lower Eocene of Oregon
identified by Newberry as Lastrea knightiana ®
and commonly referred to the European early
Miocene species Lastrea fischert Heer * is much
like the preseunt species in size and general
appearance but differs in venation. The
American material is rather poot, and I doubt
very much its identity with the European type.

A véry widespread  Tertiary type that is
liable to confusion with Lastrea is Osmunda
lignatum Stur,* in which the tertiaries are all

57 Heer, Oswald, Flora tertiaria Helvetiae, vol. 1, p. 31, pls. 7, 8, 1855,
vol. 3, p. 151, pl. 143, 1859.

58 Unger, Franz, Chloris protogaea, p. 121, pl. 36, 1847,

% Braun, Alexander, Deutsche geol. Gesell. Zeitschr., vol. 4, p. 556,
1852.

6 Ettingshausen, C. von, Die fossile Flora des Tertiir-Beckens von
Bilin, Theil 1, p. 16, pl. 2, figs. 16-18, 1866. .

6l Lesquereux, Leo, The Tertiary flora, p. 36, pl. 4, fig. 14, 1878,

8 [dem, fig. 13.

6 Newberry, J. 8., U. S. Nat. Mus. Proc., vol. 5, p. 503, 1883.

6« Heer, Oswald, Flora tertiaria Helvetiae, vol. 1, p. 34, pl. 9, ig. 3, -
1855. Lesquereux, Leo, The Cretaceous and Tertiary floras, p. 239, pl.
50, figs. 1, 1a, 1883. Newberry, J. S., The later extinct floras of North
America: U. S. Geol. Survey Mon. 33, p. 10, pl. 48, fig. 6, 1898.

@ Stur, D., Ueber zwei neue Farne aus den Sotzka-Schichten von
Mdttnig in Krain: K.-k. geol. Reichsanstalt Jahrb., Band 20, p. 9, pl. 2,
1870. ’
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simple, neither anastomosmg nor
intérlateral rays.

Occurrence: Yegua forma’mon Columbla
Caldwell Parish, La. (collected by E. W.
Berry). Lisbon formation, Alabama & Vicks-
burg Railway cut 3% miles east of Newton,
Newton County, Miss. (collected by E. N.
Lowe and C. W. Cooke).

Collection: U. S. National Museum.

Genus PTERIS Linné.

forming

. Pteris inquirenda Berry, n. sp.

Plate III, Figure 2. -

Frond habit and fruiting characters un-’

known. Pinnules oblong, coriaceous. Margin
singly serrate. Midrib wide, channeled on
upper surface and prominent on the .lower
surface. Laterals thin, close, equidistant,
diverging at wide ancrles, rather straight,
most of them once forked near their point of
insertion, but some of them simple, rarely
anastomosing. This species is represented by
fragmentary material in the collections from
‘two localities. "The Mississippi material con-
sists of a single distal fragment. The Georgia
material comprises two incomplete fragments
from about the middle of a pinnule.  The
material is entirely insufficient for a proper
diagnosis and except that it represents a new’
type in the Claiborne flora, one that may
prove of value in correlation and subsequently
be represented by more complete material,
I would ignore it at the present time. [ts
 referencé to Pteris is purely provisional,

for it is similar to numerous existing .and |

fossil species of Asplenium, Osmunda, Gymno-
gramme, Trismeria, and other genera. It is
referred to Pteris in conformity with the usage
of Heer, Ettingshausen, Gardner, Lesquereux,
and others. It resembles several forms de-
scribed by these authors, being perhaps most.
like Pteris gaudini, which is described by
Heer from the Swiss Aquitanian, and is also

comparable to several existing species of |

Pteris, as, for example, Pteris crenata.
. Occurrence: Lisbon formation, Alabama &
Vicksburg Railway cut © 3% miles. east- of
Newton, Newton County, Miss. (collected by
E. N. Lowe and C. W. Cooke).
Collection: U. S. National Museum.

-centimeter in diameter.

1ron.
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Phylum SPERMATOPHYTA.
Class GYMNOSPERMAE.
Order CONIFERALES.
Family PINACEAE.
Genus ATHROTAXIS Don.

Athrotaxivs sp.
Plate II, Figure 3.

" A single poorly preserved small cone was
found in a nodule of iron carbonate at Cherry
Valley. It is an elongated prolate spheroid
in shape, 2.2 centimeters in length and 1
The numerous cone
scales are much weathered and replaced by
It can not be said to furnish any
definite evidence of its botanical afﬁnity, and
Athrotazis 1s  suggested largely from the
known conditlons of climate and . habitat,
and because cone scales which suggest this
genus occur in the antecedent Wilcox flora,
and the other known Eocene gymnosperms
of the Mississippi Gulf area arve Glyptostrobus,

“Taxodium; and  Widdringtonia, with none of

which is it pos31ble to confuse cones or cone
scales of this type. If the genera Alnus,
Sequoia, or Betula were even hinted at in
these southern floras they might afford legiti-
mate points for comparison.

Occurrence: Yegua formation, Cheuy Valley,
Cross County, Ark. (collected by E. W. Berry).

Collection: U. S. National Museum.

_Genus GLYPTOSTROBUS Endlicher.
Glyptostrobus europaeus (Brongniart) Heer.

Tazxodium europaeum Brongniart, Annales sci.
vol. 30, p. 168, 1833.
Glyptostrobus europaeus (Brongniart) Heer, Flora tertla,-
ria Helvetiae, vol. 1, p. 51, pl. 19, 1855.
Gaudin, Contrlbutlons 4 la flore fossile 1tahenne
pt. 1, p. 26, figs. 5-10, 1858; idem, pt. 2, p. 35,
pl. 1, fig. 12; pl. 2, figs. 2, 4, 14, 15, 1859.
Ettingshausen, Die fossile Flora von Koéflach in
" Steiermark, p. 10, pl. 1, fig. 2, 1857.
Massalongo, Studii sulla flora fossile e
stratigrafica del Senigalliese, p. 152, pl
pl. 40, fig. 1, 1859.
Ettmgshausen_ Die fossile Flora ‘der
Beckens von Bilin, Teil 1, p. 37, pl. 10,
12; pl. 11, figs. 3-7, 11, 12, 1866.
Unger, Die fossile Flora von Kumi, p. 18, plL. 1,
figs. 3-11, 1867.

nat.,

geologia
5, fig. 5;

Tertidr-
figs. 10~
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Heer, Flora fossilis arctica, vol. 1, pp. 90, 135, pl.
3, figs. 2-5; pl. 21, figs. 10-12; pl. 45, figs.
20-22, 1868.

Newberry, New York Lyceum Nat. Hist. Annals,
vol. 9, p. 43, 1868; Iliustrations of Cretaceous
and Tertiary plants, pl. 11, figs. 6-8a, 1878.

Saporta, Kcole norm. sup. Paris Annales scienti-
fiques, 2d ser., vol. 2, p. 4, pl. 2, figs. 1-4, 1873.

Saporta and Marion, Soc. géol. France Bull., 3d ser.,.

vol. 2, p. 280, 1874.

Zwanziger, Beitrage zur Miocénflora von Llescha,,
p. 18, pl. 2, figs. 6, 7, 1878.

Lesquereux, The 'leltla,ry flora, p. 74, pl. 7, figs.
1, 2, 1878.

Sieber, Zur Kenntniss der nordbéhmischen Brau.n->

" kohlenflora, p. 93, pl. 5, fig. 47¢, 1880.

Dawson, Canada Roy. Soc. Trans., vol. 8, pt. 4,
pp. 34, 791, 1882.

Velenovsky, Die Floira aus den ausgebrannten ter-
tidiren Letten von Visovic, p. 15, pl. 1, figs. 21—
26, 1882.

Beck, Deutsche geol. Gesell. Zeitschr., vol. 34, p.
755, pl. 31, fig. 6, 1882.

Lesquereux, The Cretaceous and Tertiary floras,
p- 222, pl. 46, fig. 1, 1883.

Ettingshausen, Die fossile Flora von Schoenegg,
bei Wies in Steiermark, pt. 1, pl. 10, pl. 1, figs.
23-67, 1890; Ueber Neue Pflanzenfossilien aus
den Tertisrschichten Steiermarks, p. 2, 1893.

Boulay, Flora pliocéne des environs de Théziers,
p. 25, pl. 2, fig. 5, 1890; Flore pliocéne du Mont-
Dore, p. 10, 1892..

Paolucei, Nuovi materiali e ricerche critiche sulle
piante fossile terziarie dei gessi di Ancona, p. 14,
pl. 2, fig."15, 1896. C e

Newberry, U. 8. Geol. Survey Mon. 35, p. 24, pl.
26, figs. 6-82; pl. 55, figs. 3, 4, 1898. -

Marty, Flore miocéne de Joursac, p. 21, pl. 1, figs.
18, 19, 1903.

Palabin, Russ. k. mineral. Gesell. Verh., 2d ser.,
vol. 42, p. 29, 1905.

Engelhardt, Glasnik Zemaly, vol. 16, p. 556, pl. 1,
fig. 18, 1906; Wiss. Mitt. Bosnien und Herce-
govina, vol. 9, p. 493, pl. 1, fig. 18, 1909."

. Knowlton, Washington Acad. Sci. Proc., vol. 11,
pp. 188, 189, 197, 198, 211, 214, 1909.

Tazodites europaeus Endlicher, Synopsis coniferarum, p.
278, 1847.

Unger, Genera et species plantarum fossilium, p.
350, 1850. :

Cupressites racemosus Goeppert, Monographie der fossi-
lien Coniferen, p. 184, 1850.

Glyptostrobus oeningensis Alexander Braun, in Stitzen-
berger’s Uebersicht der Versteinerungen des
Grossherzogthums Baden, p. 73, 1851.

Heer, in Regel’s Gartenflora, pl.-65, figs. 1, 2.
Unger, Iconographia plantarum fossilium, p. 21,
pl. 11, figs. 1-3, 1852."
Glyptostrobus ungeri Heer, Flora tertiaria Helvetiae,
vol. 1, p. 52, pl. 18; pl. 21, fig. 1, 1855.
Lesquereu\, The Cretaceous and Tertiary ﬂoras,
p. 139, pl. 22, figs. 1-6a, 1883. -
Dawson, Roy. Soc Canada Trans., vol. 7, pt. 4,
p. 70, 1889 (1890). -
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" - Ettingshausen, Die fossile Flora von Schonegg bei
Wies in Steiermark, pt. 1, p. 12, 1890; Ueber
neue Pflanzenfossilien aus den Tertlarschlchten
Steiermarks, p. 12, 1893.

Glyplosirobus europaeus ungeri Heer, Flora tertiaria
Helvetiae, vol. 3, p. 158, 1859; Flora fossilis
arctica, vol. 3, pt. 2, p. 6, pl. 1, figs. 6b, ¢, 1874;
idem, vol. 4, p. 58, pl. 11, fig. 28; pl. 12, fig. 1;
pl. 31, fig. 6b, 1877; idem, vol. 5, pt. 2, plL. 9;
figs. 9a, 10-13; pl. 13, figs. 2b, 3, 4b, ¢, 1878,
idem, vol. 7, p. 61, pl. 70, figs. 9, 10; pl. 66,
figs. 5¢, 9; pl. 85, figs. 6-8, 1883. .

Stur, Beitrige zur Kenntniss der Flora der Siigs-
wasserquarze, p. 71 (147), 1867.

Lesquereux, The Cretaceous and Tertiary floras,
p. 222, pl. 46, figs. I-1¢, 1883. .

Pilar, Flora fossilis susedana, p. 21, pl. 3, fig. 10,
1883. :

Peola, Riv. ital. paleont., vol. 6, p. 81, 1900.

Knowlton, Torrey Bot. Club Bull.,, vol. 29, p.
705, 1902.

Palabin, Russ. k. mineral. Gesell. Verh., 2d ser.,
vol.. 42, p. 58, 1905.

Glyptostrobus bilinicus Ettingshausen, Die fossile Flora
des Tertidr-Beckens von Bilin, Teil 1, p. 39, pl.
11, figs. 1, 2, 10, 1866.

Sequoia nordenskioldi Lesquereux (not Heer), U. 8.
Nat. Mus. Proc., vol. 11, p. 19, 1888.

Twigs slender and foliage dimorphic. One
form has short, thick appressed leaves; the
other has acute spreading slender leaves.
Male, catkins ovate, single sessile on lateral
shoots, "and consist of few scales. Cones
ovate, relatively large, and consist of narrow

| imbricated scales, which are cuneate at the
‘base, their summits expanded, semicircular,

margins obtusely dentate, and the dorsum
more or less longltudmally costate Seeds
inequilateral, winged.

Glyptostrobus europaeus is one of the most
interesting Tertiary plants. It was discovered
nearly a century ago by Brongniart and has
been identified from a large number of hori-
zons in Lurope, Asia, and America. That
it was a cosmopolitan type can not be doubted,
for the present distribution of the Taxodieae
is in itself a sufficient indication of this. I
have given above a partial synonymy which
must be used with caution, for it is very
probable that several closely related species
are inextricably tangled in it, and the problem
can not be satisfactorily settled without
actual specimens from a very large number
of localities.

‘In North America this species is recorded
from the basal Eocene to the Pliocene and

from the present recorded occurrence in Mis-
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sissippi northwestward through the Rocky
‘Mountain region, on the Pacific coast, and
along the shore of the Arctic Ocean, at the
“mouth of Mackenzie River and also in Green-
Jand. It is present but not abundant in the
Wilcox of northern Mississippi, where it is
very sparsely represented by the typical terete
twigs with appressed leaves and by seeds. It
is at present known from but a single locality
in the Claiborne. Glyptostrobus has only two
ex1st1ng species—@lyptostrobus pendulus End-

licher and G. heterophyllus Endlicher, small

trees known as water pines, which are in-
habitants of the low river bottoms of certain
parts of China.’

Occurrence: Lisbon formation, near Lex-
ington, Holmes County, Miss. (collected by
A. F. Crider). '

Collection: U. S. National Musuem.

Genus SEQUOIA Endlicher.
Sequoia langsdorfii (Brongniart) Heer.%

Tazites langsdorfis Brongniart, Prodrome d’une his-
toire des végétaux fossiles, p. 108, 1828.
Sequoia langsdorfic (Brongniart) Heer, Flora tertiaria
Helvetiae, vol. 1, p. 54, pl. 20 fig. 2; pl. 21, fig. 4,

1855.

Wood correlated with this species, which
was founded on remains of foliage (Penhallow,
1907) and cones, was described by Penhallow
in 1902 from the Tertiary of British Columbia
and again the next year from the Tertiary of
Saskatchewan. Some years later the same
author identified similar specimens of silicified
wood from the Yegua clays of east-central
Texas. He described the wood as follows: ¢

Growth rings prominent, very unequal, medium to

narrow. Summer wood promlnent but thin, of three
to six rows of thick-walled tracheids with bordered
pits on the tangential walls; transition from spring
wood abrupt. Tracheids of the spring wood large,
upward of 70 by 84 u, the walls upward of 21 u thick;
very uniform and equal in very regular rows; rounded
hexagonal or those of the earliest growth much elon-
gated radially. Resin canals wholly wanting. Resin
cells usually numerous throughout, prominent, scatter-
ing. Resinous tracheids sometimes present and form-
ing more or less extensive tracts. Rudimentary resin
sacs sometimes appear on the outer face.of the summer
wood.

68 Additional citations of this very widespread Tertiary species, based
on the remains of leafy twigs and cones, are not included in the present
synonymy, for it is not certain that the wood belongs to the same species
as the foliage, and in fact it can not be demonstrated that all the
remains of foliage represent & single botanic species.

¢’ Penhallow, D. P., Notes on fossil woods from Texas Roy: Soc.
Canada Trans., 3d ser., vol. 1, sec. 4, pp. 94-95, 1907,

OF SOUTHEASTERN NORTH AMERICA.

Medullary rays without tracheids; the parenchyma
cells equal to about four wood tracheids; straight or
somewhat ‘contracted at the ends; the upper and
lower walls thin and entire; the terminal walls thin
and not pitted, straight or curved; the lateral walls
with rather large, round pits, one or chiefly two per
tracheid, bordered pits round, numerous and chiefly
in two rows.

Medullary rays one-seriate or rarely two-seriate in
part, low to medium; the large cells about 31.5 u
broad, round or oval, chiefly uniform, but more or less
unequal.

The remains of foliage and cones which have
been referred to Sequoia langsdorfii are prac-
tically cosmopolitan throughout the Tertiary.
No specimens of the foliage of this species are
known from the Eocene of southeastern North
America, although pooily preserved remains
in both the Wilcox and the Claiborne have
been referred to the somewhat similar appear-
ing Tazodium dubium (Sternberg) Heer.

Occurrence: Yegua formation, Somerville,
Burleson County, Tex..

Collection: Peter Ridpath Muscum
treal, Canada.

Mon-

Genus CUPRESSINOXYLON Goeppert.
“Cupressinoxylon dawsoni Pe_nhallow.
Plate VI, Figures 1, 2, 3.

Cupressozylon dawsoni Penhallow, Roy. Soc. Canada
o Trans., 2d ser., vol. 9, sec. 4, p. 46, 1903; idem,
3d-ser., vol. 1, sec. 4, p. 95, 1907.

Penhallow in 1907 thus described thls
species:

Growth rings broad. Tracheids of the spring wood
large; about 32.1 u’by 40.4 pu; thin walled, squarish
hexagonal, rather uniform and equal; the spring wood
passing somewhat gradually into the thin summer

‘wood, which is composed of two to four rows of slightly

smaller, radially flattened and thicker-walled tracheids.
Medullary rays resinous. Resin canals wholly want-
ing. Resin cells numerous throughout the growth
ring, scattering or somewhat zonate. )

Medullary rays very resinous, devoid of tracheids;
the. cells straight; the upper and lower walls thin,
apparently entire; the terminal walls entire, straight
or curved; the lateral walls with oval or round pits,
several per tracheid, the correct number not readily
determinable. “Wood tracheids with large, bordered
pits, numerous and compact in one or often two rows,
the orifice round; one-seriate or two-seriate in part;
the large cells thin walled, uniform, rather equal,
broad, round or oval or somewhat transversely oval
to oblong. '

This species was described by Penhallow
{ from the Eocene of the Great Valley and Por-



MIDDLE EQCENE OR CLAIBORNE FLORA.

cupine Creek groups of Saskatchewan and
- subsequently identified from the Yegua clays
of east-central Texas. It is not uncommon in

recent collections, but most of the material is |.

in a rather advanced stage of decay. The
most perfect specimen, from which the ac-
companying illustrations were made, shows in

the transverse section the very broad zone of

spring wood and the scarcely marked growth
ring. The tangential section shows the abun-
dance of the xylem parencyhma. The radial
section -shows the circular bordered pits,
" larger in size where they are in single rows,
and where double generally in pairs but in
some places alternating for short distances.

The medullary pits are numerous and oval,

and some appear to be circular and bordered.
Occurrence: Yegua formation, Somerville,
Burleson County, Tex.; Cane Creck and Inter-
national & Great Northern Railway between
milepost 48 and Wooters siding (figured mate-
rial), Houston County, Tex. (collected by C. L.
Baker).
~ Collections: U. 8. National Museum; Peter
Ridpath Museum, Montreal, Canada.

Cupressinoxylon arkansanum Knowlton.

Cupressinozylon arkansanum Knowlton, Arkansas
Geol. Survey Ann. Rept. for 1889, vol. 2, p.
253, pl. 9, figs. 1, 2, 1891.

"This species was based upon poorly preserved
fragments of silicified wood that were collected
from a large trunk. They show moderately
thick-walled tracheids, arranged in nearly uni-

form radial rows and with a single row of bor-

dered pits; pits rather distant, 0.011 to 0.0145
millimeter in diameter; medullary rays nu-
merous, 2 to 22 cells high, generally uniseriate
but in places in two rows near the center of
the ray. Resin tubes are said to be moder-
ately numerous, and growth rings are not
discernible.

There is some uncertainty regarding the
geologic horizon from which this species 